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Abstract
Background

Epstein-Barr virus (EBV) is associated with nasopharyngeal carcinoma (NPC), but the existence of NPC

protective antibody against EBV-associated antigens remains inconclusive.
Methods

NPC cases and matched controls were identified from prospective cohorts comprising 75,481 participants
in southern China. ELISA and conditional logistic regression were applied to assess effects of gp42-IgG
on NPC. The expression of HLA-II, the gp42 receptor, in nasopharyngeal atypical dysplasia and its

impact on EBV infecting epithelial cells were evaluated.
Findings

gp42-1gG titers were significantly lower in NPC cases compared to controls across various follow-up
years before NPC diagnosis (P<0.05). Individuals in the highest quartile of gp42-IgG titers had a 71%
NPC risk reduction comparing to those in the lowest quartile (odds ratios [OR]q4vs01=0.29, 95%
confidence intervals [CIs]=0-15 to 0-55, P<0.001). Each unit antibody titer increase was associated with
34% lower risk of NPC (OR=0.66, 95% CI=0.54 to 0.81, Puena<0.001). Their protective effect was
observed in cases diagnosed >5 years, 1-5 years and <1 year after blood collection (P<0.05). HLA-II
expression was detected in 13 of 27 nasopharyngeal atypical dysplasia and its overexpression

substantially promoted epithelial-cell-origin EBV infection.
Conclusion

Elevated EBV gp42-IgG titers can reduce NPC risk, indicating gp42 as a potential EBV prophylactic

vaccine design target.
Trial registration

NCT00941538, NCT02501980, ChiCTR2000028776, ChiCTR2100041628.
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Main text

Introduction

The incidence of nasopharyngeal carcinoma (NPC) demonstrates a striking geographical variation (1). In
endemic regions such as southern China, the age-adjusted incidence can reach 23/100,000 in males and
7/100,000 in females, which is 10-fold higher than the global incidence (2). The regional variation implies
a complex interplay of genetic predisposition, environmental risk factors, and notably, Epstein-Barr virus

(EBV) infection (1, 3).

In endemic regions, where over 95% of NPC cases can be attributed to EBV infection, there is a great
opportunity for prevention interventions via EBV vaccination to reduce NPC burden. However, a major
obstacle emerges when selecting an optimal target for vaccine design, considering as many as five surface
glycoproteins with definitive functions that EBV expresses (4). Glycoproteins gB, gHgL., and gp350 have
been spotlighted in the development of EBV prophylactic vaccines due to their pivotal roles in EBV-host
interactions (4), availability of potent monoclonal antibodies against them (5-8), and encouraging results
from preliminary lab-based trials (9). Nonetheless, initial studies assessing neutralizing antibodies
targeting gp350 in three cohorts with modest sample sizes have shown inconsistent results, with one
showing an association with reduced NPC risk (10), while the other two found associations with
increased NPC risk (11, 12). In our previous nested case-control study from a community-based NPC
screening cohort, we also tested antibodies against gp42, gHgl, gB, and gp350, as well as B cell and
epithelial cell neutralizing antibodies. Our results suggest a potential protective role for antibodies against
gp42, with gp42-1gG showing a stronger correlation with epithelial and B cell neutralization competence
compared to gp42-IgA. However, the evidence remains inconclusive, partly due to the limited sample size
(20 cases and 40 controls) (13). It is worth noting that vaccines aiming at gp42 have been less studied

(14).

To follow-up on our initial findings, here, we conducted a larger nested case-control study utilizing

samples from 129 NPC cases and 387 matched controls, which were collected prospectively across three
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independent cohorts in southern China independent from our previous study (13). Our findings confirmed
the inverse association between increased levels of anti-gp42 antibodies and NPC risk. In addition, we
sought to explore the physical and molecular basis by examining the presence of HLA-II, the only known
receptor for gp42, in nasopharyngeal atypical dysplasia samples. This analysis showed that
overexpression of HLA-II in epithelial cells promotes EBV infection. Taken together, our findings
suggest that [gG antibodies against gp42 play a protective role against NPC in endemic regions, thereby

marking gp42 as a potential prophylactic vaccine design target to prevent NPC in high-risk populations.



110  Results
111 Study population

112 Based on three prospective community-based cohorts in Sihui, Wuzhou and Zhongshan cohorts with a
113 total 75,481 individuals, we conducted a nested case-control study to assess whether elevated levels of
114  gp42-IgG are associated with lower risks of NPC. Blood samples from 129 NPC cases and 387

115 individually matched controls at 1:3 ratio by age, sex, blood collection time and region were obtained
116  with a median of 1.3 years (IQR=0.3-2.9 years) before NPC diagnosis (Figure 1). Characteristics of the
117 NPC cases and controls included in the analysis were shown in Table 1. A majority of participants were
118  male (76.0%) and at ages of 50-59 years at baseline (44-2%), and NPC cases were more likely to have a
119 higher EBV-antibody based risk score compared to controls. A longer follow-up duration was observed
120  for those in the Zhongshan cohort (P<0.001) (Supplemental Figure 1). All samples were independent

121 from our previous study (13).
122 Elevated gp42-IgG titers in disease-free controls comparing with incident NPC cases

123 To accurately quantify serum levels of gp42-IgG and make comparison in different batches of samples,
124  we developed an ELISA detection system and assessed the linearity and precision using serial dilution of
125 monoclonal human gp42 antibody in house. The ELISA showed excellent linearity (goodness of fit of
126 least square regression R?=0-95) over a broad dynamic range of 0.46—111 ng/mL (Supplemental Figure
127 2A). We demonstrated the reproducibility by repeating measurements on the three concentrations of

128  monoclonal gp42 antibody standards in triple and across 11 batches. Results showed CVs of less than

129 20% (Supplemental Figure 2B; Supplemental Table 1), with the corresponding Inter-ICC of 0.97 (95%CI:
130  0.92-0.97) and Intra-ICC of 0.92 (95%CI: 0.43-0.99) For the randomly selected 10% serum samples

131  (n=52), the results showed a 5% CV for the duplicated testing samples.

132 Notably, gp42-IgG titers were significantly lower in NPC cases compared to the controls in the overall

133 cohort (P<0.001), and in subgroups with follow-up <1 year (P=0.008), 1-5 years (P=0.007), and >5 years
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(P=0.027) before NPC diagnosis (Figure 2). However, the overall distribution of gp42-IgG titers
remained consistent across sexes (P=0.174), age groups (P=0.320) (Supplemental Figure 3). To evaluate
the associations of gp42-IgG titer with NPC risk score, we analyzed the gp42-1gG titers at various EBV
antibody NPC risk scores in controls by different follow-up durations. Result showed that the controls
with low-risk score were more likely to have higher gp42-IgG titers compared to those with medium- and
high-risk scores in the overall cohort (P<0.001), and the subgroups with <1 year (P=0.051), 1-5 years

(P<0.001), and >5 years (P=0.212) follow-up before NPC diagnosis (Supplemental Figure 4).
The risk of NPC is the highest in individuals with the lowest gp42-IgG titers

We categorized individuals into quartiles based on gp42-IgG levels in controls and explored the
association between gp42-1gG levels and NPC risks using conditional logistic regression. We found that
in the overall cohort, elevated levels of gp42-IgG in the highest quartile reduced 71% NPC risk (odds
ratios [OR]Jo4vsq1=0.29, 95% Clqavsqi=0-15 to 0-55) and the risks of NPC decreased as the levels of gp42-
IgG increased (Piena<0.001). When stratified by length of follow-up, the inverse association with dose-
response trend persisted among cases diagnosed <1, 1-5, and >5 years after blood collection, with the
corresponding ORqavsq1 0 0.33, 0.33, and 0.05, respectively and all the Pienas<0.05 (Table 2). The inverse

associations could be consistently observed among the subgroups with different sexes, ages, cohorts, and

EBV-antibody NPC risk scores, with all the Phererogenin=>0.05 (Supplemental Figure 5).

Expression of HLA-II, the sole identified gp42 receptor, is detectable in nasopharyngeal atypical

dysplasia

The expression of HLA-II is notably detectable in NPC tumor cells (15); however, it remains unclear
whether the expression of HLA-II precedes tumor occurrence. To address this hypothesis, we collected 27
nasopharyngeal premalignant tissues from Sun Yat-sen University Cancer Center, China, where samples

underwent examination by two experienced pathologists independently. Among the 27 premalignant
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samples, 20 were positive for EBERs, 13 were positive for HLA-DRA, and 12 were positive for both

HLA-DRA and EBERs (Supplemental Table 2; Figure 3; Supplemental Figure 6).

HLA-II facilitates epithelial-origin EBV infection of epithelial cells

To further investigate the functional implications of HLA-II expression in epithelial cells, we established
stable HEK293 and NP69 cell lines overexpressing HLA-DRA/DRB. The overexpression of HLA-DR
had a notable impact on enhancing the infection of CNE2-EBV, the representative of EBV originating
from epithelial cells (Supplemental Figure 7, A and C; Supplemental Figure 8, A and C). However, this
effect was only marginal in promoting the infection of Akata-EBV, the representative of EBV originating

from B cells (Supplemental Figure 7, B and D; Supplemental Figure 8, B and D).

To further validate the role of gp42 in mediating CNE2-EBV infection, we purified soluble gp42 and
HLA-DRA/DRB. Treating cells with soluble gp42 and HLA-DRA/DRB led to a dose-dependent
inhibition of EBV infection (Supplemental Figure 9, A and B). Interestingly, the inhibitory effects were
countered by the overexpression of HLA-DRA/DRB (Supplemental Figure 7, E and F; Supplemental
Figure 9, C and D). Overexpression of HLA-DRA/DRB was confirmed through western blot analysis
(Supplemental Figure 7G). These results strongly suggest that gp42 plays an important role in promoting

the infection of EBV originating from epithelial cells into HLA-DR-expressing epithelial cells.
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Discussion

We have conducted the largest, prospective epidemiological study to date, focusing on NPC-associated
protective antibodies against EBV based on three mass screening cohorts. Our findings establish the
protective capacity of gp42-IgG against NPC in endemic regions. Moreover, our research has elucidated
the underlying mechanistic foundations of these protective effects. The identification of HLA-II, the sole
receptor for gp42, in nasopharyngeal atypical dysplasia constitutes a novel discovery. Our experiments
have further demonstrated that the overexpression of HLA-II amplifies the infectivity of EBV within
epithelial cells. Our results on the interplay between gp42-1gG, HLA-IIL, and EBV infection offer valuable

insights for the mechanisms of the observed gp42-IgG protective effects against NPC.

Previous studies have shown that the elevation of antibodies against EBV EA, EBNA1, and VCA are
associated with a higher risk of NPC, which leads to utilization the EBV-associated antibodies as the
screening markers for NPC in endemic regions (16). In comparison with these markers, the precise roles
of antibodies against glycoproteins in the development of NPC remain inconclusive. Although gB, gHgL,
and gp350 play essential roles in EBV infection cells, antibodies targeting these components do not
exhibit significant protective effects against NPC development, as demonstrated in previous studies (11-
13). In this study, which encompassed 129 incident NPC cases and 387 matched controls, we established
statistically significant reduction in NPC risks among cases overall and diagnosed <1 year, 1-5 years, >5
years after blood collection with dose-response trends. Moreover, the protective effects of gp42-IgG can
be observed across varying sexes, age groups, and cohorts, indicating the robustness of the protective
influence of gp42-1gG against NPC. However, in the previous report, gp42-1gG levels were nominally
higher in controls than in those who developed NPC more than 5 years post-collection, but lower in
controls than in those who developed NPC within 5 years (12). This discrepancy could be due to the
differences in antigenicity and measurement methods. In terms of antigenicity, our purified gp42 can
substantially block EBV entry in epithelial cells (Supplemental Figures 7F, 9B, 9D), which was not tested

previously (12), and our purified gp42 was used to identify two potent EBV-neutralizing antibodies (17).

11
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In terms of measurement methods, we applied ELISA versus the high-throughput Luminex assay in the

previous report (12).

Notably, gp42 is recognized as a crucial molecule that dictates the host preference of EBV (18). A higher
presence of gp42, released through epithelial cell lytic infection, results in a preference for B cell
infection due to the expression of HLA-II by B cells rather than epithelial cells under physiological
conditions. Our research shows that the overexpression of HLA-II only minimally promotes the infection
of B-cell-origin EBV in epithelial cells. This observation prompted us to speculate whether, in
physiological settings, while antibodies against gB, gHgL, and gp350 confer a foundational level of
humoral protection against EBV infection and reactivation, the continuous exposure of epithelial-cell-
origin EBV in nasopharyngeal niches might warrant higher titers of gp42 antibodies. Such elevated titers
could counteract the susceptibility of nasopharyngeal premalignant lesions to epithelial-cell-origin EBV

infection, thereby diminishing the risk of NPC development.

Direct evidence concerning the origin of EBV driving NPC remains elusive. Nevertheless, recent studies
indicate persistent exposure to epithelial-cell-origin EBV in nasopharyngeal niches. First, with regard to
Cp methylation percentage of the EBV genome, methylation levels are notably lower in lytic infection
than in latent infection (19); furthermore, evidence suggests that EBV DNA can be detected in
nasopharyngeal swabs as early as three years before NPC development (20). When compared with
healthy controls, nasopharyngeal swabs from NPC patients exhibit significantly higher Cp methylation
percentages of EBV DNA (21). Second, considering gp42, the quantity of surface-bound gp42 on EBV
serves as an indirect indicator of its origin. HLA-II expressed in B cells can capture and reduce the
amount of surface-bound gp42 on released EBV (18). Evidence demonstrates that saliva-origin EBV
possesses significantly higher levels of gp42 when compared with EBV originating from LCLs (22).
Third, with respect to EBV release rate, studies have proposed that the primary source of EBV in saliva is
epithelial lytic infection, as the release rate far surpasses that of the maximum release rate from the

pharyngeal lymphatic ring (23). Lastly, in immune-competent healthy populations, EBV lytic infection

12



224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

can be detected in the parotid gland and the tongue's edge (24, 25). Collectively, these findings suggest
constant exposure of epithelium-origin EBV in nasopharyngeal niches. Consequently, elevated levels of
antibodies against gp42 hold the potential to reduce the likelihood of EBV infection within these niches.
In our recent study, we have identified two human monoclonal antibodies against gp42, named 2C1 and
2B7, bearing strong neutralizing effect against epithelial-cell-origin EBV infecting epithelia, the NOK
cell line (IC50=0.091 and 0.022 pg/mL, respectively), which provide another strong evidence on the NPC

protective effects of gp42-IgG (17).

Though we have provided compelling evidence on the NPC protective role of gp42-1gG, some limitations
require further exploration. First, the median observation period is 1.3 years, indicating a possible reverse
causality, but our results still demonstrated a significant NPC-risk reduction in the individuals with >5
years follow-up period after blood collection should alleviate the concern. Second, the protective effects
on gp42-1gG in less prevalent regions remain elusive, and the correlation between gp42-IgG and other
NPC risk factors, such as genetic predisposition and environmental factors, requires further exploration
(1, 3). Finally, while we have proposed that HLA-II expression in premalignant nasopharyngeal dysplasia
may account for the protective role of gp42-IgG, it is still unclear how gp42-IgG levels relate to HLA-II
expression levels in nasopharyngeal tissue, when and how HLA-II expression is initiated, and how EBV

infection in HLA-II-expressing premalignant nasopharyngeal dysplasia leads to malignant transformation.

In conclusion, our proposal posits that the expression of HLA-II in nasopharyngeal atypical dysplasia
predisposes EBV infection originating from the nasal cavity, pharynx, and oral cavity. This susceptibility
can be efficiently countered by high levels of gp42-1gG, decreasing the risk of NPC development.
Accordingly, prioritizing gp42-targeting EBV vaccines in high-risk populations appears warranted to

mitigate NPC risk.
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Methods

Sex as a biological variable

Our study examined male and female, and similar findings were reported for both sexes.
Prospective NPC screening cohorts

This study was nested within three large-scale population-based screening trials, conducted in Sihui city
and Wuzhou city for NPC screening, and Zhongshan city for liver cancer screening in southern China (20,
26). Between 2014 and 2018, 30,038 local residences aged 30-69 years were recruited in Sihui city and
followed up until 2023; between 2018 and 2021, 27,477 residences aged 30-69 years were recruited in
Wuzhou city and followed-up until 2023; and in 2012, 17,966 residences aged 35-64 years were recruited
in Zhongshan city until follow-up 2022. In Sihui and Wuzhou cohorts, baseline serum was tested for the
screening markers of EBV VCA/EBNA1-IgA by ELISA with commercial detection kit (EUROIMMUN
AG, Liibeck, Germany, and Zhongshan Bio-Tech Company, Zhongshan, China, respectively). NPC risk
scores of each participant are determined by the risk prediction algorithm (Logit P=-3-934+2-203xVCA-
IgA+4-797<EBNA1-IgA) and stratified by the P scores (Low risk, P<0-65; Medium risk, 0-65<P<0-98;
High risk, P>0-98) (26). For individuals with low and medium NPC risk scores, EBV antibody retesting
is conducted in every 5- and 1-years intervals, while the high-risk individuals are referred to
nasopharyngeal endoscopy and pathological biopsy will be performed if suspicious lesions are found. In
all the three cohorts, the baseline blood components (plasma, serum, and white blood cells) were
separated within 4-6 hours post collection and stored at -80 °C for future research. The preserved baseline
serum samples were used for gp42-IgG testing for the whole individuals in the nested case-control study,
and for VCA-IgA, and EBNA1-IgA testing in Zhongshan cohort. NPC cases were identified through local
cancer and death registration system in Zhongshan cohort, as well as in the Sihui and the Wuzhou

cohorts.
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The median follow-up period were 1-2 years (IQR=0.3-2.7 years), 0-6 years (IQR=0.3-1.5 years), and 3-6
years (IQR=2.2-5.2 years) in the Sihui cohort, the Wuzhou cohort, and the Zhongshan cohort and 81, 27,
and 34 incident NPC cases were identified, correspondingly. However, the serum of 13 cases in
Zhongshan cohort are unavailable. Thus, a total of 129 incident NPC cases and 387 controls were
matched with a 1:3 ratio by sex, age (<40, 40 to 50, 50 to 60, >60 years old), sample collection date (+6

months), and regions. Race and ethnicity were not considered a variable in this study.

Soluble protein purification

Soluble EBV (strain M81) glycoproteins gp42 and HLA-DR were purified by 293F protein expression
system cultured with chemically defined medium (UP1000, Union Bio) under CO, supplied shaking
incubator. Transmembrane and cytoplasmic parts of them were truncated for the expression of soluble
proteins, signal peptides were optimized for higher yield, and the His-tag was appended to the C-
terminus. Six to seven days post transfection, supernatant was collected and purified with Ni Sepharose
excel (17371202, Cytiva). Eluate was further purified by Superdex 200 Increase 10/300 GL (28990944,
Cytiva). Protein concentration was determined by the BCA method (23225, Pierce). Protein was

aliquoted, frozen with liquid N, and stored at -80°C for further use.

Enzyme-link immunosorbent assay (ELISA)

One hundred nanogram of soluble proteins were added to 96-well plates with high binding surface
followed by overnight incubation at 4 °C. Supernatant was discarded and 5% BSA in PBST (T stands for
0-1% Tween-20) was added to block non-specific binding followed by 1 hour incubation at 37 °C.
Supernatant was discarded. Plates were washed 1 time with PBST. Serums were diluted to 60 folds with
5% BSA in PBST, and then added to 96-well plates followed by 1 hour incubation at 37 °C. Plates were
washed 3 times with PBST. Anti-human IgG was diluted at a ratio of 1:5,000 with 5% BSA in PBST and
added to each well followed by 1 hour incubation at 37 °C. Plates were washed 3 times with PBST. TMB
(PA107-02, TTANGEN) substances were added to each well. Reactions were developed at room

temperature for 10 mins and stopped by adding 1:12 diluted HCI. Read plates at OD450 and OD630. In
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each 96-well plate, two wells were set to be negative controls (NCs), where no serum was added; seven
wells contain serially diluted monoclonal gp42-IgG. Then, we derive rOD from the following equations:

((OD450-0OD630)-average (OD450-OD630 of NCs))/ ((OD450-OD630 of the highest

concentration monoclonal anti-gp42)-average (OD450-OD630 of NCs)).

Randomization and masking

Using a random number generator, samples from cases and controls by cohort were randomly assigned to
each ELISA plate in a 1:3 allocation. The testing operators were blinded to the serum origination from

cases or controls and the data were pooled by independent data monitoring staff for statistical analyses.
Linearity and precision assessment

Linearity was assessed using serial dilution of standard monoclonal human gp42 antibody in house. After
serial three-fold dilution of the antibody with the initial concentration of 1,000 ng/mL, 8 samples ranging
from 0.46 ng/mL to 1,000 ng/mL were tested in triplicate and simulated (17, 27). To assess within plate
and across plate variation, three concentrations of gp42-IgG standards (1,000 ng/mL, 37 ng/mL, 12.3
ng/mL) were tested in triple in one plate and across 11 batches. Inter- and intra-plate variances and
agreements were assessed using the coefficient of variation (CV) and intraclass correlation coefficients
(ICC) (28). In addition, 10% of the serum samples were randomly selected for duplicate testing in each
plate to further evaluate the precision of gp42-IgG. A standardized value (rOD)—the mean of duplicate

testing, were used for statistical analysis.
EBY virion preparation

In this study, Akata strain EBV virions were prepared from CNE2-EBV cell strains and Akata-EBV cell
strains, where the former and the latter represent epithelium- and lymphocyte-origin EBV. Preparation of

these virions followed previous reports (15). Here, we briefly described the virion preparation process.

For epithelium-origin EBV preparation, CNE2-EBV cell strains were cultured in RPMI 1640

(C11875500BT, Gibco) supplied with 10% fetal bovine serum (FSP500, ExCell Bio). When cells reached
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80% confluency, TPA (50601ES03, YEASEN) and NaB (B5887-1G, Sigma-Aldrich) were added to
induce EBV lytic replication. Twelve hours post induction, medium was replaced with fresh RPMI 1640

supplied with 10% FBS.

As for lymphocyte-origin EBV preparation, Akata-EBV cell strains were cultured in RPMI 1640 supplied
with 5% FBS. Aliquot cells to the density of 2x10°mL, then goat-anti-human IgG (H0111-6-100ML,
Tianfun Xinqu Zhenglong Biochem. Lab) was added to induce EBV lytic replication. Six-hours post
induction, medium was replaced with fresh RPMI 1640 supplied with 5% FBS. For both preparation,
three days post medium replacement, supernatant was collected, filtered, and centrifuged. Pellets which
contained the virions were resuspended with RPMI 1640. Resuspended virions were frozen in liquid N»

and then stored at -80 °C for further use.
EBY in vitro infection analysis

Epithelial cell lines were seeded in 96-well plates. Twenty-four hours later, virions with or without
indicated concentration of sHLA-DR or sgp42 were prepared, incubated at 37 °C for an hour, and then
added to cells. Twenty-four to 48 hours later, flow cytometry was applied to evaluate green fluorescence.
For IC50 fitting, the percentage of fluorescent positive cells were normalized by cells infected with
virions without soluble proteins and dilution ratios were log10 transformed before non-linear regression

was applied. [C50s were fitted by Prism 9.
In situ hybridization (ISH) and immunohistochemistry (IHC)

The cases of atypical dysplasia in the nasopharynx were identified through the pathological station system
in Sun Yat-sen University Cancer Center (SYSUCC) between January 2009 and April 2020. A total of 27
cases of atypical dysplasia in nasopharynx with adequate formalin-fixed and paraffin-embedded (FFPE)
specimens were collected for subsequent testing. The EBV probe in situ hybridization kit (ISH-7001,
ZSGB-BIO) was used to detect EBERs in TMA slides, following the manufacturer’s protocol.

Immunohistochemistry was performed to analyze HLA-II expression using a benchmark ULTRA
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automatic immunostaining device, with anti-HLA-DRA1 (diluted 1:600, ab92511-100ul; Abcam) as the
primary antibody. The results were evaluated by two experienced pathologists who were blinded to the

clinical data.

Antibody

Antibodies used in this study include the followings: anti-HLA-DRA1 (ab92511, Abcam), anti-HLA-
DRBI1 (ab133578, Abcam), anti-a-tubulin (2125S, CST), anti-rabbit IgG-HRP (31460, Thermo Fisher),

anti-human IgG-HRP (ab6759, Abcam).

Cell lines

HEK?293, and NP69 were maintained in a humidified atmosphere at 37 °C with 5% CO2. HEK293 was
cultured in DMEM (11965092, Gibco) supplemented with 10% FBS (FSP500, ExCell Bio). NP69 was
cultured in Keratinocyte SFM (1X) (17005042, Gibco). Details on the establishment of the HLA-II

overexpressing cell lines refer to our previous study (17).

Statistics

For differences analysis of detected antibodies and neutralizing antibody titers, Wilcoxon or Kruskal-
Wallis tests were applied for two or more stratifications of the characteristics. The continuous gp42-IgG
titers were discretized according to the cutoffs based on the overall control groups, allowing for direct
comparisons across different stratifications. Conditional logistic regression was applied for nested data
analysis to estimate ORs and 95% Cls for the association between antibody and NPC risk stratified by
time between baseline sampling and NPC diagnosis (<1 year, 1-5 years, and >5 years). No covariate is
used to adjust OR. Categorical variables were treated as continuous variables in Pirend and Pheterogenity
analyses. In terms of EBV infection rate differences under various circumstances, t-test is adopted since
where residues complied normal distribution. All statistical analysis was done by R (4.3.1) and R
packages (forestplot_3.1.1, survminer 0.4.9, survival 3.5-520). A P value less than 0.05 was considered

significant.
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Study approval

This study has been conducted in accordance with the Declaration of Helsinki and the trail protocols were
approved by the Ethics Review Committee of Sun Yat-sen University Cancer Center (YP2009051,
B2020-362-01), Wuzhou Red Cross Hospital (LL2017-19), and Zhongshan City People’s Hospital
(ZSKY2012(02)). This study is registered at Clinical Trials.gov (NCT00941538, NCT02501980) and
Chinese Clinical Trial Registry (ChiCTR2000028776, ChiCTR2100041628). All participants signed the

informed consent upon recruitment.

Data availability

Data of this study is available upon reasonable request from the corresponding authors.
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Sihui city, Guangdong province
NPC incident per 100,000:

34-32 in male, 14-40 in female
Resident population:

218,534 males, 208,401 females

Wuzhou city, Guangxi province
NPC incident per 100,000:

23-29 in male, 9-59 in female
Resident population:

1,846,300 males, 1,628,400 females

Zhongshan city, Guangdong province
NPC incident per 100,000:

27-21 in male, 7-40 in female
Resident population:

797,400 males, 815,100 females

Recruit: 2014-2018
Follow-up till 2023
30,038 individuals
174,637 person years
81 incident NPC cases
(81 has available serum)

A\ 4

Recruit: 2018-2021
Follow-up till 2023
27,477 individuals
84,393 person years

27 incident NPC cases
(27 has available serum)

\ 4

Recruit: 2012

Follow-up till 2022
17,966 individuals
190,750 person years
34 incident NPC cases
(21 has available serum)

Nested at 1:3 by age, sex, sample collection date, and cohort

81 cases, 243 controls
Median: 1-2 years
IQR: 0.3-2.7 years

27 cases, 81controls
Median: 0.6 years
IQR: 0.3-1.5 years

gp42-1gG, VCA-IgA, EBNA1-IgA by ELISA

21 cases, 63 controls
Median: 3.6 years
IQR: 2.2-5.2 years

Figure 1. A Flow chart of study design. A total 75,481 individuals from three independent prospective

cohorts established in three NPC epidemic regions (Sihui city, Guangdong province; Wuzhou city,

Guangxi province; Zhongshan city, Guangdong province) in southern China were recruited 2014 to 2018,

2018 to 2021, and 2012 years. A total of 129 serum-available incident NPC cases were identified until

2023 and each case matched to three controls from individual cohort by age, sex, sample collection dates.

Titers of gp42-IgG, VCA-IgA, and EBNA1-IgA were measured by ELISA.
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472

473 Figure 2. Analysis of gp42-IgG levels in the nested case-control study. Distributions of gp42-IgG
474  levels in (A) the overall cohort, (B) the cohort with follow-up duration <1 year, (C) the cohort with

475  follow-up duration 1-5 years, (D) the cohort with follow-up duration >5 years. rOD is a standardized
476 ~ OD450-OD630 value, which was consistent across testing batches (Refer to Methods for details). The
477  lines at the top of each histogram represent kernel density estimations. Wilcoxon tests were used to

478  calculate P values, which are shown under the subtitles. Numbers in the legends refer to the numbers of

479  participants in each group.

480
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Figure 3. HLA-II expression in nasopharyngeal atypical dysplasia. (A and D) HE staining. (B and E)
In situ hybridization to detect EBERs. (C and F) Immunohistochemistry to detect HLA-DRA. Shown
was a representative out of 27 samples. A-C were shot at 20x, D-F were zoomed in from the black square

region, and scale bars at lower right represent 50 pm.
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487  Table 1. Demographic characteristics of individuals in the nested case-control study.

Follow-up periods before NPC onset

Overall <1 year 1-5 years >5 years

Characteristic Control Case Control Case Control Case Control Case
Sex

Male 294 (76-0%) 98 (76-:0%) 123 (78.8%) 41 (78.8%) 132 (68.8%) 44 (68.8%) 39 (100.0%) 13 (100.0%)

Female 93 (24-0%) 31(24:0%) 33 (21.2%) 11 (21.2%) 60 (31.2%) 20 (31.2%)  0(0.0%) 0(0.0%)
Age, years

<40 36 (9:3%) 12 (9-3%) 15 (9.6%) 5(9.6%) 15 (7.8%) 5(7.8%) 6 (15.4%) 2 (15.4%)

40-50 108 (27-9%) 36 (27-9%) 45 (28.8%) 15 (28.8%) 57 (29.7%) 19 (29.7%) 6 (15.4%) 2 (15.4%)

50-60 171 (44-2%) 57 (44-2%) 75 (48.1%) 25 (48.1%) 75 (39.1%) 25(39.1%) 21 (53.8%) 7 (53.8%)

>60 72 (18-6%) 24 (18-6%) 21 (13.5%) 7 (13.5%)  45(23.4%) 15 (23.4%) 6 (15.4%) 2 (15.4%)
Location

Sihui 243 (62-8%) 81(62-8%) 105 (67.3%) 35(67.3%) 120(62.5%) 40(62.5%) 18(46.2%)  6(46.2%)

Wuzhou 81 (20-9%) 27 (20-9%) 45 (28.8%) 15 (28.8%) 36 (18.8%) 12 (18.8%) 0 (0.0%) 0 (0.0%)

Zhongshan 63 (16:3%) 21 (16:3%) 6(3.8%) 2 (3.8%) 36 (18.8%) 12 (18.8%) 21 (53.8%) 7 (53.8%)
NPC risk score

Low 305 (78-8%) 21 (16:3%) 123 (78.8%) 5(9.6%) 148 (77.1%) 11 (17.2%) 34 (87.2%) 5(38.5%)

Medium 59 (15-2%) 23 (17-8%) 24 (15.4%) 2 (3.8%) 32 (16.7%) 18 (28.1%) 3 (7.7%) 3 (23.1%)

High 23 (5-9%) 85(65-9%) 9(5.8%) 45 (86.5%) 12 (6.2%) 35 (54.7%) 2 (5.1%) 5(38.5%)

488  NPC, nasopharyngeal carcinoma; NPC risk score (P value) of each participant is determined by a risk
489  prediction algorithm (Logit P=-3-934+2-203xVCA-IgA+4-797<xEBNA1-IgA) and the risks of NPC are
490  stratified as: low risk, P<0-65; medium risk, 0-65<P<0-98; high risk, P>0-98.

491
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492 Table 2. Conditional logistic regression analysis reveals nasopharyngeal carcinoma risk associated

493 with gp42-IgG level across different follow-up periods.

Follow-up periods Cases (%) Controls (%) ORs (95% Cls) P values
Overall
Quartile 1 (<0.94) 56 (43.4) 97 (25.1) 1
Quartile 2 (0.94-1.02) 28 (21.7) 96 (24.8) 0.43 (0.24-0.76) 0.004
Quartile 3 (1.02-1.07) 24 (18.6) 97 (25.1) 0.36 (0.20-0.65) 0.001
Quartile 4 (>1.07) 21 (16.3) 97 (25.1) 0.29 (0.15-0.55) <0.001
Per unit increase 0.66 (0.54-0.81) <0.001
<1 year
Quartile 1 (<0.94) 24 (46.2) 37 (23.7) 1
Quartile 2 (0.94-1.02) 11(21.2) 56 (35.9) 0.25 (0.11-0.61) 0.002
Quartile 3 (1.02-1.07) 9(17.3) 35(22.4) 0.30(0.11-0.81) 0.018
Quartile 4 (>1.07) 8(15.4) 28 (17.9) 0.33(0.11-0.99) 0.048
Per unit increase 0.67 (0.47-0.96) 0.030
1-5 years
Quartile 1 (<0.94) 25 (39.1) 52 (27.1) 1
Quartile 2 (0.94-1.02) 15(23.4) 33(17.2) 0.84 (0.36-1.98) 0.696
Quartile 3 (1.02-1.07) 13 (20.3) 53 (27.6) 0.46 (0.21-1.03) 0.058
Quartile 4 (>1.07) 11 (17.2) 54 (28.1) 0.33(0.13-0.84) 0.020
Per unit increase 0.68 (0.51-0.90) 0.007
>5 years
Quartile 1 (<0.94) 7 (53.8) 8(20.5) 1
Quartile 2 (0.94-1.02) 2(15.4) 7(17.9) 0.32 (0.04-2.40) 0.266
Quartile 3 (1.02-1.07) 2(15.4) 9(23.1) 0.21 (0.03-1.69) 0.141
Quartile 4 (>1.07) 2(15.4) 15 (38.5) 0.05 (0.00-0.89) 0.042
Per unit increase 0.40 (0.18-0.90) 0.027

494  The quartile cutoffs based on the overall control groups, allowing for direct comparisons across different

495  stratifications. In the trend analysis, the values of discretized gp42-IgG were treated as continuous variable.
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