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Abstract

Epstein-Barr virus (EBV) reactivation, reflected by aberrantly increased levels of
various serological antibodies, has been suggested to be an early indicator of naso-
pharyngeal carcinoma (NPC) onset and progression. We have previously suggested
that certain lifestyle and dietary factors were associated with elevated serological
levels of the antibody against various EBV antigens namely VCA, Zta, EBNAL1, and
oral EBV DNA loads among healthy population. It remains unclear whether these
potential environmental factors would also influence EBV serological antibodies in
NPC patients. We conducted an epidemiological study to evaluate the associations
between such environmental factors and EBV antibody levels among 1701 NPC pa-
tients in South China. Pretreatment serums were collected and examined for VCA-
IgA and EA-IgA by immunoenzymatic assays and antienzyme rate (AER) of EBV
DNase-specific neutralizing antibody. We found that consumption of Canton-style
herbal tea was significantly correlated with increased serological antibody levels of
VCA-IgA and EA-IgA, with adjusted ORs of 1.35 (95% CI: 1.03-1.76) and 1.32
(95% CI: 1.01-1.73), respectively, in the weekly intake frequency stratum, while not
related to AER of EBV DNase-specific neutralizing antibody. Smoking was found to
be not only an apparent risk factor for higher antibody levels of AER in stage III-IV
patients (OR = 1.60, 95% CI: 1.11-2.30), but also associated closely with NPC stage
at diagnosis (OR = 2.17, 95% CI: 1.47-3.22), with dose-response effects. In conclu-

sion, we found consumption of Canton-style herbal tea and cigarette smoking were
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especially NPC.

KEYWORDS

1 | INTRODUCTION

Epstein-Barr virus (EBV), the first human tumor virus to
be discovered' has been estimated to account for more than
120,000 cases of cancer each year.2 EBV infection is prev-
alent in more than 95% of adults worldwide, which occurs
typically in childhood and lasts a lifetime. After primary
infection, the virus preferentially establishes latent infec-
tion in memory B cells and can be periodically reactivated
into lytic phase in response to endogenous or environmental
stimuli.** Such virus reactivation is characterized by active
viral replication and release, and aberrantly increased levels
of immunoglobulin A (IgA) antibody against various EBV
antigens, such as viral capsid antigen (VCA), early antigen
(EA), BZLF1 transcription activator protein (Zta) and so on.

Nasopharyngeal carcinoma (NPC) is a rare malignancy
worldwide with a strikingly high incidence in Southern China
and Southeast Asia® and its etiological association with EBV
reactivation has long been established.®” Evidence from
large perspective epidemiological studies has suggested that
elevated antibodies could be detected 5-10 years preceding
NPC diagnosis and NPC risk could increase by 20-30 times
in people with elevated levels of EBV antibodies.*” Several
serological EBV antibodies, such as VCA-IgA, EA-IgA, and
ENBA1-IgA have served as the effective biomarkers in the
screening of NPC in endemic areas for decades.®'® Moreover,
serological profiles of EBV have been evidenced in clinical
practice to be indicative of tumor burden, treatment response
and prognosis of NPC patients.”’20 All the above suggested
that elevated EBV antibodies may serve as early indicators of
NPC onset or progression. Hence, it is of great significance
for the primary prevention of NPC to explore the inducing
factors that trigger elevated levels of EBV antibodies.

Our previous large-scale multicenter epidemiological
study observed that people in endemic areas of NPC have 2-5
fold higher risk of EBV reactivation than that in nonendemic
areas,”""*> which suggested that some genetic or environmen-
tal factors in high incidence areas may be implicated in the
EBYV reactivation. Certain lifestyle and dietary factors, such
as cigarette smoking and salted fish consumption, a tradi-
tional favorite item in the Cantonese diet, have been well-es-
tablished to be risk factors for NPC in endemic areas.”'*>>* It
is reasonable to assume that such environmental factors may
be involved in the pathogenesis of NPC via promoting EBV
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in positive associations with elevated EBV antibodies in NPC patients, which may be

of public health significance for the primary prevention of EBV-associated diseases

cigarette smoking, Epstein-Barr virus antibodies, herbal tea, nasopharyngeal carcinoma

reactivation. In our previous multicenter epidemiological
studies in healthy populzltions,21’22’25 smoking was identified
as an apparent risk factor for increased VCA-IgA, EBNAI-
IgA, Zta-IgA, and higher oral EBV loads, and consumption
of Canon-style herbal tea was found associated with higher
oral EBV loads. Given the different disease status, there may
be some differences between patients and healthy people in
EBV antibody influencing factors. Since few studies have
described in detail the environmental risk factors for EBV
antibodies among NPC patients, it is unclear whether some
environmental factors would trigger elevated levels IgA anti-
bodies of EBV-specific antigens.

Previous cohort studies have reported that VCA-IgA,
EA-IgA, and EBV DNase-specific was associated with in-
creased NPC risk in NPC endemic areas of South China and
Taiwan.®’ VCA-IgA and EA-IgA have been widely used as
effective biomarkers for screening and auxiliary diagnosis
of NPC, due to the high sensitivity of VCA-IgA and high
specificity of EA-IgA.14’26 EBV DNase-specific neutraliz-
ing antibody has been suggested as independent prognostic
markers in NPC prognostication.'® These three EBV antibod-
ies have been used as the most important clinical indicators
for auxiliary diagnosis and monitoring of NPC in Sun Yat-
sun University Cancer Center (SYSUCC) since the 1980s,
the largest NPC cancer center with more than 4000 new NPC
cases each year. Therefore, we conducted the present epide-
miological study in 1701 NPC patients without treatment
from Guangdong province, trying to identify potential envi-
ronmental risk factors related to VCA-IgA, EA-IgA and EBV
DNase-specific neutralizing antibody.

2 | MATERIALS AND METHODS

2.1 |

The present hospital-based case-only study was conducted on
the basis of a case-control study named as EPI-NPC-2005
project conducted during October 2005 and October 2007,
which was designed to assess the interaction between EBV,
environmental factors and genetic determinants in the patho-
genesis and progression of NPC. Briefly, NPC patients
were recruited from Sun Yat-sun University Cancer Center
(SYSUCC), Guangzhou, China, according to the follow-
ing criteria: (a) pathologically confirmed NPC; (b) under

Subjects
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80 years of age; (c) residence in Guangdong Province for at
least 5 years. Among 1948 eligible patients enrolled, 1845
patients (94.7%) completed the interviews. In this study,
we further excluded those with previous diagnoses of NPC
or other malignancies, those having received radiotherapy
or chemotherapy before blood sampling, those with WHO
type I NPC, and those without sufficient medical record in-
formation available. Finally, a total of 1701 eligible patients
were included in this study. Flow chart of patient inclusion is
shown in Figure 1. Written informed consent was obtained
from each participant at enrollment. The study was approved
by the Ethics Committee of the Sun Yat-Sen University
Cancer Center.

2.2 | Data collection

Personal information was collected using a structured ques-
tionnaire though face-to-face interviews by trained staffs.
The collected information mainly included demographics
(age, gender, education level), lifestyle habits (smoking be-
havior, alcohol drinking, tea drinking, consumption of pre-
served vegetables, salted fish, Canton-style herbal tea, and
slow-cooked soup, etc), and family history of malignancy
and NPC among first-degree relatives. Medical information
including TNM stage and WHO pathology type and other

Subjects recruitment from SYSUCC in 2005-2007
Inclusion criteria:
1.pathologically confirmed NPC
2.under 80 y of age
3.residence in Guangdong for at least 5y

Eligible NPC patients recruited
n =1948

relevant information was retrieved from the hospital informa-
tion system (HIS) of SYSUCC.

2.3 | Serologic assay for VCA-IgA and
EA-IgA antibodies

A quantity of 5-10 mL pretreatment blood sample was
collected from each eligible patient. Serum VCA-IgA and
EA-IgA antibody levels were measured using commercial
kit (Zhongshan Bio-tech Co Ltd, Zhongshan City, China)
following an immunoenzymatic procedure as described in
our previous study?'*’: (a) Cell smears were prepared from
the B95-8 cell line for VCA-IgA and the Raji cell line for
EA-IgA, and fixed with acetone in the wells of slides; (b)
a series of gradient-diluted serum was added to the wells;
(c) the slides were incubated for 30 minutes at 37°C and
washed with phosphate buffered saline (PBS) three times;
(d) peroxidase-conjugated antihuman IgA antibody was
added and incubated (1 hour at 37°C) and then washed
with PBS thrice; (e) aminoethylcarbazole solution and hy-
drogen peroxide (H,0,) were added for 15 minutes. The
slides were then examined under the optical microscope
and brown staining in more than 15% of the cells was con-
sidered as positive. The antibody titrations of VCA-IgA
or EA-IgA were expressed as the reciprocal of the highest

Excluded

incomplete questionnaires (n = 103)

NPC patients in EPI-NPC-2005 project
n=1845

Excluded (n = 144)

Not newly diagnosed NPC (n = 69)
Other malignancies history (n =7)
WHO type I Patients (n = 7)

Inadequate clinical information (n = 20)
Treated before enrollment (n = 41)

Eligible patients included in this study
n=1701

Pretreatment serological test for EBV
antibodies

FIGURE 1 Flow chart of subject
inclusion. NPC, nasopharyngeal carcinoma;
SYSUCC, Sun Yat-sun University Cancer
Center; VCA-IgA, immunoglobulin A

Available VCA-IgA
n=1695

Available EA-IgA
n = 1694

Available AER of DNase-specific
neutralizing antibody (n = 1446)

antibodies against viral capsid antigen; EA-
IgA, immunoglobulin A antibodies against

early antigen; AER, anti-enzyme rate.
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dilution with positive brown staining. All blood tests were
conducted by the same technician in the same laboratory.
The cutoff adopted in this study was based on the median
titer among all patients, 1:320 for VCA and 1:40 for VCA-
IgA, respectively.

2.4 | Serologic assay for AER of EBV
DNase-specific neutralizing antibody

The assay for serologic antienzyme rate (AER) of EBV
DNase-specific neutralizing antibody was carried out
as previously described by Xu et al."’ Briefly, Raji cells
were cultured with croton oil and n-butanoic acid to induce
EBV-specific DNase production. After 48-hours incuba-
tion, the Raji cells were harvested and washed with PBS.
Extraction buffer containing Mg2+-adenosine triphosphate,
KCl, dithiothreitol, and Tris-HCI was added and the mix-
ture was frozen and thawed four times. After centrifuga-
tion, the supernatant was mixed with the sample serum
and stayed at room temperature for 10 minutes. After addi-
tion of the reaction buffer containing Tris-HCI, 3H-DNA,
MgCl,, and pB-mercaptoethanol, the mixture was incubated
at 37°C for 20 minutes and the reaction was blocked with
trichloroacetic acid. After centrifugation, the supernatant
was transferred to a filter paper. The dried filter paper was
put into a scintillation bottle with scintillation liquid con-
taining paraphenylene phenyloxasole and 2,5-diphenylox-
asole, and was analysed by an automatic liquid scintillation
counter (LS6500; Beckman Coulter, Brea, CA). Double
distilled water was used as negative control. The result ob-
tained from the liquid scintillation counter was expressed
as the counts per minute (CPM). AER was calculated by
the following formula: AER = [1 — (sample serum CPM/
ddH,0 CPM)] x 100%. The cutoff value to separate low or
high level of AER was 50% in this study.

2.5 | Statistical analyses

All serological EBV antibody markers were dichotomized
into binary variables according to their corresponding me-
dian values in the whole population. Univariate and multi-
variate unconditional logistic regressions were performed
to assess the associations of EBV serum antibody levels
with potential lifestyle factors. Linear trend tests were car-
ried out by treating ordered categorical variables as con-
tinuous variables. The adjustments in multivariate analysis
included age, sex, education, clinical stage, and all other
environmental factors. Subgroup analyses were performed
to evaluate the relationship between smoking and EBV an-
tibodies. All statistical tests were two-sided and P < 0.05
was considered statistically significant. Analyses were
performed using Stata versionl0.0 (Stata Corp, College
Station, TX).
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3 |

3.1 | Patients characteristics

The clinicopathologic characteristics of the study subjects
are summarized in Table 1. In total, 1701 NPC patients were
included in this study, 1246 males and 455 females. The
subjects ranged in age from 13 to 80, with a median age of
45. Patients with WHO type III NPC accounted for 95% of
the population. About 80% of the subjects were diagnosed
with advanced NPC (stage III-IV). Serological antibody ti-
ters against VCA-IgA were available in 1695 (99.65%) pa-
tients and EA-IgA in 1694 (99.59%) patients. The AER of
DNase-specific neutralizing antibody was available in 1446
(85.01%) patients.

3.2 | EBYV antibodies and demographic and
clinicopathologic characteristics

Among demographic and clinicopathologic factors, age was
found to be linearly correlated with antibody levels of VCA-
IgA and EA-IgA, but not AER of DNase-specific neutraliz-
ing antibody. Higher clinical stage, higher T stage or higher
N stage suggested higher levels of VCA-IgA, EA-IgA and
AER. In addition, WHO type-III NPCs were associated with
high level of AER compared with WHO type II NPCs. No
significant associations were observed between sex, educa-
tion, BMI, and family history of tumor or NPC and any of the
three EBV antibodies (Table 2).

3.3 | EBYV antibodies and Canton-style
herbal tea consumption

Among all evaluated lifestyle factors, consumption of
Canton-style herbal tea was found the only risk factor for
elevated serological antibody levels of VCA-IgA and EA-
IgA. In univariate analysis, patients who consumed herbal
tea weekly were at increased risk for higher VCA-IgA com-
pared with those consuming less than monthly, with ORs of
1.38 (95% CI: 1.07-1.77) and 1.31 (95% CI: 1.02-1.69) for
VCA-IgA and EA-IgA respectively. When adjusted for age,
sex, education level, clinical stage, and other lifestyle fac-
tors, the associations remained robust, with adjusted ORs of
1.35 (95% CI: 1.03-1.76) and 1.32 (95% CI: 1.01-1.73) for
VCA-IgA and EA-IgA respectively. However, no associa-
tion was observed between herbal tea intake and AER of
DNase-specific neutralizing antibody (Table 3).

We further performed subgroup analyses to assess whether
the associations of herbal tea consumption with VCA-IgA and
EA-IgA antibodies differed between patients with different
clinical characteristics. Positive associations were observed
between herbal tea consumption and VCA-IgA in those aged
40 or above, women, those with high school education or less,
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TABLE 1 Baseline characteristics of 1701 NPC patients

Characteristics
Age at diagnosis (years)
Median (range)
<30
31-40
41-50
51-60
>61
Sex
Female
Male
Education
Primary school or less
High school
University or more
WHO Histology type
11
1
Overall stage
I
11
m
v
T stage
TO-T1
T2
T3
T4
N stage
NO
N1
N2
N3
M stage
MO
M1
Family history of NPC
No
Yes
Family history of tumor
No
Yes
Cigarette smoking
Never smoker

Ex-smoker

No. of patients

45 (13-80)
118
432
571
405
175

455
1246

397
1039
258

87
1614

51
277
884
489

106
407
813
375

401
685
494
121

1657
44

1415
282

995
702

767
443

%

6.94
25.40
33.57
23.81
10.29

26.75
73.25

23.44
61.33
15.23

5.11
94.89

3.00
16.28
51.97
28.75

6.23
23.93
47.80
22.05

23.57
40.27
29.04

7.11

97.41
2.59

83.38
16.62

58.63
41.37

45.38
26.21

(Continues)

TABLE 1 (Continued)

Characteristics No. of patients %

Current smoker 480 28.40
Alcohol drinking

Nondrinker 969 57.51

<1 drink per day 406 24.09

>1 drink per day 310 18.40
Tea consumption

Less than monthly 595 35.59

Monthly 284 16.99

Weekly or more 793 47.43
Salted fish intake

Less than monthly 1359 80.37

Monthly 183 10.82

Weekly or more 149 8.81
Preserved vegetable intake

Less than monthly 1219 71.92

Monthly 253 14.93

Weekly or more 223 13.16
Herbal tea intake

Less than monthly 434 25.68

Monthly 669 39.59

Weekly or more 587 34.73
Canton soup intake

Less than monthly 239 14.18

Monthly 192 11.39

Weekly or more 1254 74.42

and those with family history of NPC or other tumors rather
than in their counterparts. And herbal tea consumption was
also found associated with elevated EA-IgA in those aged 40
or above, those with high school education or less, and those
with a family history of tumors instead of their counterparts
(Table S1).

3.4 | EBYV antibodies and cigarette smoking

Smoking status was found correlated with higher antibody
levels of VCA-IgA and EA-IgA in univariate analysis, with
ORs of 1.36 (95% CI: 1.08-1.72) and 1.30 (95% CI: 1.03-1.63)
respectively, but the associations were eliminated with adjust-
ment for age, sex, education, clinical stage and other lifestyle
factors in multivariate analysis (Table 3). To further explore
association of cigarette smoking with EBV antibodies, we
performed further subgroup analyses according to age at
smoking initiation, smoking duration, pack-years of smoking,
and type of smoking (inhale or not). However, no significant
associations were obtained between all smoking subgroups
and any of the three EBV antibodies in multivariate analysis,
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TABLE 2 Associations of demographic and clinicopathologic characteristics with EBV antibodies in 1701 NPC patients

VCA-IgA EA-IgA AER
Variables Low/High® OR (95% CI)" Low/High? OR (95% CI) Low/High? OR (95% CI)®
Age (years)
<30 67/51 1.00 (reference) 76/42 1.00 (reference) 56/40 1.00 (reference)
31-40 206/224 1.45 (0.96-2.21) 242/188 1.46 (0.95-2.24) 182/192 1.52 (0.96-2.42)
41-50 257/311 1.62 (1.07-2.44)" 315/251 1.53 (1.01-2.34)" 246/230 1.33 (0.84-2.11)
51-60 179/226 1.66 (1.08-2.55)" 204/201 1.88 (1.21-2.93)" 179/169 1.25(0.78-2.01)
>61 71/103 1.83 (1.11-3.01)" 88/87 1.82 (1.10-3.02)" 67/85 1.61 (0.93-2.77)
Porend 0.027 0.007 0.687
Sex
Female 219/234 1.00 (reference) 253/199 1.00 (reference) 181/201 1.00 (reference)
Male 561/681 1.08 (0.86-1.35) 672/570 0.99 (0.79-1.24) 549/515 0.81 (0.64-1.04)
BMI
<18.5 69/73 1.00 (reference) 80/62 1.00 (reference) 58/70 1.00 (reference)
18.5-23.9 405/458 1.09 (0.76-1.57) 466/395 1.11 (0.77-1.60) 398/374 0.86 (0.59-1.27)
>24.0 207/275 1.31 (0.89-1.94) 255/228 1.18 (0.80-1.75) 216/210 0.92 (0.61-1.39)
Pend 0.085 0.379 0.972
Education
Primary school 171/223 1.00 (reference) 204/190 1.00 (reference) 145/181 1.00 (reference)
or less
High school 468/568 1.04 (0.81-1.35) 566/469 1.03 (0.80-1.33) 452/439 0.83 (0.63-1.10)
University or more  138/120 0.86 (0.61-1.21) 150/108 1.04 (0.73-1.46) 129/94 0.69 (0.48-1.01)
Poend 0.436 0.834 0.055
WHO histology
11 42/44 1.00 (reference) 52/34 1.00 (reference) 41/24 1.00 (reference)
I 738/871 1.07 (0.69-1.66) 873/735 1.25 (0.79-1.96) 689/692 1.71 (1.01-2.89)"
Clinical stage
I-11 206/121 1.00 (reference) 230/97 1.00 (reference) 186/102 1.00 (reference)
-1V 5741794 2.27(1.76-2.92)""  695/672 2.25(1.73-2.93)"  544/614 2.01 (1.53-2.63)"
T stage
TO-T2 277/234 1.00 (reference) 323/187 1.00 (reference) 262/178 1.00 (reference)
T3-T4 503/681 1.56 (1.26-1.92)"  602/582 1.65 (1.33-2.05)""  468/538 1.65 (1.31-2.08)""
N stage
NO-N1 565/518 1.00 (reference) 642/440 1.00 (reference) 490/437 1.00 (reference)
N2-N3 215/397 2.03 (1.65-2.49)™"  283/329 1.72 (1.40-2.10)™"  240/279 1.31 (1.05-1.63)"
Family history of NPC
No 656/754 1.00 (reference) 780/628 1.00 (reference) 609/592 1.00 (reference)
Yes 123/158 1.13 (0.87-1.46) 145/137 1.19 (0.91-1.54) 120/122 1.07 (0.81-1.42)
Family history of tumor
No 448/545 1.00 (reference) 534/458 1.00 (reference) 412/420 1.00 (reference)
Yes 331/367 0.94 (0.77-1.15) 391/307 0.93 (0.77-1.14) 317/294 0.94 (0.76-1.17)

Abbreviations: VCA-IgA, immunoglobulin A antibodies against viral capsid antigen; EA-IgA, immunoglobulin A antibodies against early antigen; AER, antienzyme rate.
“For VCA-IgA titers, a low level refers to titers < 1:320 and a high EBV level refers to > 1:320; for EA-IgA titers, a low level refers to titers < 1:40 and a high EBV
level refers to > 1:40; for AER, a low level refers to < 50% and a high EBV level refers to > 50%.

bAdjusted for age (continuous variable), sex, education, clinical stage.

“Linear trends tests were performed by treating ordered categorical variables as continuous variables.

*P < 0.05,

**P < 0.01,

*##*P < 0.001.
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(Continued)

TABLE 3

AER

EA-IgA

VCA-IgA

OR (95% CI)®

OR (95% CI)®

Low/High*

OR (95% CI)¢

Low/High® OR (95% CI)°

OR (95% CI) ¢

OR (95% CI)®

Low/High?

Variables

1.22 (0.88-1.69)

0.344

1.19 (0.88-1.62)

0.409

542/537

1.06 (0.78-1.42)

0.954

1.11 (0.84-1.47)

0.677

680/568

1.14 (0.85-1.54)

0.396

1.22 (0.92-1.61)

0.222

568/681

Weekly or more

d

P -trend

Abbreviations: VCA-IgA, immunoglobulin A antibodies against viral capsid antigen; EA-IgA, immunoglobulin A antibodies against early antigen; AER, antienzyme rate.

“For VCA-IgA titers, a low level refers to titers < 1:320 and a high EBV level refers to > 1:320; for EA-IgA titers, a low level refers to titers < 1:40 and a high EBV level refers to > 1:40; for AER, a low level refers to < 50%

and a high EBV level refers to > 50%.

"Univariate analysis.

“Adjusted for age (continuous variable), sex, education level, clinical stage, smoking status, drinking, tea consumption, salted fish intake, preserved vegetable intake, herbal tea intake, Canton soup intake.

dLinear trends tests were performed by treating ordered categorical variables as continuous variables.

*P < 0.05.
#*P < 0.01.
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except for the type of smoking with AER. Interestingly, non-
inhaled smoking was associated with higher level of AER
(OR = 1.65, 95% CI: 1.12-2.43), whereas inhaled-smoking
was not (Table 4). Stratified analysis was further performed
according to the clinical staging, early NPC (stage I-II) and
advanced NPC (stage III-IV). Positive associations between
smoking and AER were observed among advanced NPC pa-
tients but not early patients. Current smokers and patients
with advanced NPC were at increased risk of higher AER,
with OR of 1.60 (95% CI: 1.11-2.30) compared with never
smokers when adjusted for potential confounders. Smokers
with longer smoking history, greater cumulative amount
of smoking (pack-years), and noninhaled type of smoking
tended to exhibit higher AER among patients with advanced
NPC (Table 5). No association was found between smoking
and either VCA-IgA or EA-IgA in either patients with early
NPC or advanced NPC (data not shown).

We further explored the potential risk factors associ-
ated with the clinical stage of NPC at diagnosis. We found
only education level and smoking were significantly asso-
ciated with clinical stage of NPC at diagnosis among all
investigated factors in multivariate analysis. Patients with
a higher education level was less likely to receive an ad-
vanced NPC diagnosis (OR = 0.47, 95% CI: 0.30-0.72).
Compared with never smokers, current smokers were as-
sociated with a higher risk of advanced NPC diagnosis
(OR = 2.17, 95% CI: 1.47-3.22) (Table 6). Further sub-
group analysis suggested that smoking was associated
with higher risk of advanced NPC diagnosis, with dose-
response effects. Compared with never smokers, smokers
with younger initial age of smoking, longer smoking his-
tory, greater cumulative amounts of smoking (pack-years),
and noninhaled type of smoking had higher risk of being
diagnosed with advanced NPC (Table 7).

3.5 | EBYV antibodies and other
lifestyle factors

Consumption of salted fish and preserved vegetables were
found in positive relationships with elevated serum antibody
levels of EA-IgA in univariate analysis, but the associations
vanished after adjusting for potential confounding factors.
No associations were detected between alcohol drinking, tea
consumption, Cantonese slow-cooked soup, and either of the
three EBV antibodies (Table 3).

4 | DISCUSSION

The role of EBV reactivation in the pathogenesis and pro-
gression of NPC has long been established, but the potential
risk factors for elevated serological EBV antibodies have not
yet been systematically described among NPC patients. In
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TABLE 5 Associations between smoking and EBV DNase-specific neutralizing antibody by clinical stage

I-II stage

Smoking status Low/High? OR (95% CI)"

Cigarette smoking
Never smoker 92/58 1.00 (reference)
Ex-smoker 53/26 0.91 (0.45-1.88)
Current smoker 38/18 0.69 (0.30-1.57)
Poend 0.388

Initial age of smoking (years)
Never 92/58 1.00 (reference)
>20 52/24 0.77 (0.37-1.59)
<20 40/20 0.88 (0.39-1.96)
Poend 0.716

Smoking duration (years)
Never 92/58 1.00 (reference)
<25 46/23 0.79 (0.38-1.67)
>25 42/20 0.84 (0.35-1.98)
Poend 0.644

Cumulative amount (pack-years)
Never 92/58 1.00 (reference)
<30 63/32 0.82 (0.41-1.64)
>30 27/11 0.59 (0.22-1.60)
Poend 0.305

Inhaled smoking or not
Never 92/58 1.00 (reference)
Noninhaled 15/12 1.24 (0.47-3.29)
Inhaled 64/27 0.71 (0.34-1.50)
Poend 0.349

“Low level refers to AER < 50% and high EBV level refers to AER > 50%.

III-IV stage

Low/High? OR (95% CI)® P-interaction®

244/256 1.00 (reference)

139/147 1.26 (0.87-1.83)

160/205 1.60 (1.11-2.30)* 0.094
0.012

244/256 1.00 (reference)

141/167 1.49 (1.03-2.15)°

158/185 1.37 (0.95-1.98) 0.236
0.149

244/256 1.00 (reference)

138/138 1.34 (0.92-1.95)

158/203 1.57 (1.08-2.30)* 0.121
0.021

244/256 1.00 (reference)

192/207 1.40 (0.98-1.99)

101/136 1.60 (1.05-2.42)" 0.066
0.028

244/256 1.00 (reference)

68/95 1.77 (1.10-2.52)"

211/237 1.41 (0.99-2.02) 0.120

0.121

bAdjusted for age (continuous variable), sex, education level, drinking, tea consumption, salted fish intake, preserved vegetable intake, herbal tea intake, Canton soup

intake.

“Linear trends tests were performed by treating ordered categorical variables as continuous variables.

4p values for multiplicative interaction analysis.
*P < 0.05.
P < 0.01.

this study, we investigated several potential risk factors for
three widely used EBV antibodies namely VCA-IgA, EA-
IgA, and EBV DNase-specific neutralizing antibody among
NPC patients from South China. We found consumption of
Canton-style herbal tea was consistently in significant asso-
ciation with pretreatment serological VCA-IgA and EA-IgA
among NPC patients. Weekly consumption of herbal tea
could increase the risk of higher pretreatment VCA-IgA and
EA-IgA, and smoking was identified as a risk factor for EBV
DNase-specific neutralizing antibody among patients with
advanced NPC.

Herbal tea is a kind of drink widely consumed in NPC-
endemic areas of Guangdong that contains complex tradi-
tional Chinese medicinal herbs.? Though herbal medicine

has been linked to NPC for decades, its actual effect on
NPC remains indistinct since epidemiological results
across different populations are inconsistent. Studies con-
ducted in Philippines28‘29 have suggested that herbal med-
icine was significantly associated with increased risk of
NPC, and similar associations were also observed in stud-
ies carried out in Taiwan® and Guangxi31 populations. In
contrast, we previously observed a reverse relationship be-
tween Canton-style herbal tea consumption and NPC risk
in studies conducted in South China,2"23 while Yu et al’**
reported a lack of independent association between herbal
medicine use and risk of NPC in Guangzhou population.
The possible explanation for this discrepancy may be that
herbal medicine is too broad a concept that the involved
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TABLE 6 Associations of potential factors with clinical stage at diagnosis in 1701 NPC patients

Variable

Age
<45
>45

Sex
Female
Male

Education

Primary school or less

High school

University or more

Pend”

Smoking status
Never smoker
Ex-smoker
Current smoker
Pend”

Alcohol drinking
Nondrinker
<1 drink per day
>1 drink per day
Pend”

Tea consumption
Less than monthly
Monthly
Weekly or more
P.rend”

Salted fish intake
Less than monthly
Monthly
Weekly or more

P b

-trend

Preserved vegetable intake

Less than monthly
Monthly
Weekly or more
P—lrendb

Herbal tea intake
Less than monthly
Monthly
Weekly or more

P b

-trend

ZHOU ET AL.
NPC stage at diagnosis, cases (%)
Adjusted OR
I-1I stage III-IV stage Crude OR (95% CI) 95% CI) *
169 (20.61) 651 (79.39) 1.00 (reference) 1.00 (reference)
159 (18.05) 722 (81.95) 1.18 (0.93-1.50) 1.04 (0.80-1.36)
92 (20.22) 363 (79.78) 1.00 (reference) 1.00 (reference)
236 (18.94) 1010 (81.06) 1.08 (0.83-1.42) 0.87 (0.61-1.26)
59 (14.86) 338 (85.14) 1.00 (reference) 1.00 (reference)
189 (18.19) 850 (81.81) 0.79 (0.57-1.08) 0.78 (0.56-1.11)
77 (29.84) 77 (29.84) 0.41 (0.28-0.60)" 0.47 (0.30-0.72)""
<0.001 <0.001
173 (22.56) 594 (77.44) 1.00 (reference) 1.00 (reference)
91 (20.54) 352 (79.46) 1.13 (0.85-1.50) 1.22 (0.84-1.75)
61 (12.71) 419 (87.29) 2.00 (1.46-2.75)"" 2.17 (1.47-3.22)™"
<0.001 <0.001
198 (20.43) 771 (79.51) 1.00 (reference) 1.00 (reference)
76 (18.72) 330 (81.28) 1.12 (0.83-1.50) 1.08 (0.78-1.49)
50 (16.13) 260 (83.87) 1.34 (0.95-1.88) 1.12 (0.76-1.65)
0.091 0.613
101 (16.97) 494 (83.03) 1.00 (reference) 1.00 (reference)
63 (22.18) 221 (77.82) 0.71 (0.50-1.02) 0.74 (0.51-1.07)
156 (19.67) 637 (80.33) 0.83 (0.63-1.10) 0.75 (0.55-1.03)
0.239 0.056
273 (20.09) 1086 (79.91) 1.00 (reference) 1.00 (reference)
36 (19.67) 147 (80.33) 1.03 (0.70-1.51) 0.85 (0.56-1.31)
19 (12.75) 130 (87.25) 1.72 (1.04-2.83)" 1.55 (0.91-2.63)
0.055 0.245
250 (20.51) 969 (79.49) 1.00 (reference) 1.00 (reference)
35 (13.83) 218 (86.17) 1.61 (1.10-2.36)" 1.48 (0.98-2.25)
43 (19.28) 180 (80.72) 1.08 (0.75-1.55) 0.91 (0.61-1.34)
0.218 0.943
84 (19.35) 350 (80.65) 1.00 (reference) 1.00 (reference)
136 (20.33) 533 (79.67) 0.94 (0.69-1.27) 0.94 (0.68-1.30)
105 (17.89) 482 (82.11) 1.10 (0.80-1.51) 1.04 (0.74-1.46)

0.501

0.690

(Continues)
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Adjusted OR
Variable I-1I stage III-IV stage Crude OR (95% CI) 95% CI) *
Canton soup intake
Less than monthly 46 (10.25) 193 (80.75) 1.00 (reference) 1.00 (reference)
Monthly 31 (16.15) 161 (83.85) 1.24 (0.75-2.04) 1.14 (0.67-1.93)
Weekly or more 246 (19.62) 1008 (80.38) 0.98 (0.69-1.39) 0.92 (0.63-1.34)
Piond 0.642 0.562
Family history of NPC
No 275 (19.43) 1140 (80.57) 1.00 (reference) 1.00 (reference)
Yes 53 (18.79) 229 (81.21) 1.04 (0.75-1.44) 0.98 (0.70-1.37)
Family history of tumor®
No 179 (17.99) 816 (82.01) 1.00 (reference) 1.00 (reference)
Yes 149 (21.23) 553 (78.77) 0.81 (0.64-1.04) —

“Adjusted for age (<45, >45), education level, smoking status, drinking, tea consumption, salted fish intake, preserved vegetable intake, herbal tea intake, Canton soup
intake, family history of NPC.

"Linear trends tests were performed by treating ordered categorical variables as continuous variables.

“Family history of tumor was not included in the multivariate analysis.

*P < 0.05.

#kP < 0.001.

TABLE 7 Subgroup analysis of smoking with NPC stage at diagnosis

Current smoker Ex-smoker

Variable I-1I stage III-IV stage  OR (95% CI)* P-value®  I-II stage III-IV stage  OR (95% CD)?* P-value®

Initial age of smoking (years)

Never 173 (22.56) 594 (77.44) 1.00 (reference)  / 173 (22.56) 594 (77.44) 1.00 (reference)  /

>20 33 (14.73) 191 (85.27) 2.00 (1.24-3.23)  0.005 53 (23.14) 176 (76.86) 1.00 (0.66-1.53)  0.986

<20 28 (10.94) 228 (89.06) 2.67 (1.60-4.44)  <0.001 38 (17.76) 176 (82.24) 1.45(0.91-2.33)  0.120

Poiend” <0.001 0.146
Smoking duration (years)

Never 173 (22.56) 594 (77.44) 1.00 (reference)  / 173 (22.56) 594 (77.44) 1.00 (reference) /

<25 27 (13.57) 172 (86.43) 2.23(1.33-3.74)  0.002 53 (25.00) 159 (75.00) 0.98 (0.64-1.50)  0.930

>25 31(11.48) 239 (88.52) 2.53(1.52-4.20)  <0.001 36 (16.22) 186 (83.78) 1.63 (0.99-2.66)  0.053

Poond <0.001 0.082
Cumulative amount (pack-years)

Never 173 (22.56) 594 (77.44) 1.00 (reference)  / 173 (22.56) 594 (77.44) 1.00 (reference)  /

<30 37 (12.71) 254 (87.29) 2.37(1.49-3.75)  <0.001 68 (23.53) 221 (76.47) 1.07 (0.72-1.58)  0.744

>30 22 (12.22) 158 (87.78) 2.38 (1.34-4.23)  0.003 21 (14.58) 123 (85.42) 1.82(1.01-3.28)  0.047

Poiend <0.001 0.082
Inhaled smoking or not

Never 173 (22.56) 594 (77.44) 1.00 (reference)  / 173 (22.56) 594 (77.44) 1.00 (reference) /

Noninhaled 11 (11.46) 85 (88.54) 2.67 (1.32-5.38)  0.006 23 (17.29) 110 (82.71) 1.51 (0.87-2.58)  0.140

Inhaled 44 (12.50) 308 (87.50) 2.34 (1.50-3.66)  <0.001 56 (20.29) 220 (79.71) 1.19 (0.79-1.83)  0.417

Poond <0.001 0.383

“Adjusted for age (<45, >45), education level, smoking status, drinking, tea consumption, salted fish intake, preserved vegetable intake, herbal tea intake, Canton soup
intake, family history of NPC.
®Linear trends tests were performed by treating ordered categorical variables as continuous variables.
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herbal ingredients could be of great interstudy or intros-
tudy heterogeneity. It is unlikely that all herbal medicines
increase risk of NPC. Further, Canton-style herbal tea in-
vestigated in our studies contains limited herbal ingredi-
ents and cannot be exactly equivalent to traditional herbal
medicine. Whatever, more detailed researches are required
to elucidate the actual role of herbal medicine in the patho-
genesis of NPC.

In addition to directly study the association of herbal
medicine with NPC, another alternative attempt is to explore
whether herbal medicine is associated with EBV reactivation
in the development of NPC. Several in vitro studies have been
conducted to explore the potential function of herbal medi-
cine on EBV reactivation, although it has not yet been clearly
elucidated. Early in 1980s, Zeng et al*>* have identified ex-
tracts from Chinese medicinal herbs as inducers of EA-IgA
expression in Raji cells and similar results were obtained
in nasopharyngeal cells by Furukawa et al’’ Phorbol esters
(TPA), produced by herbal plants of Euphorbiaceae growing
specially in South China that are usually used as traditional
Chinese herbal medicine, has been reported to induce EBV
reactivation via NF-kB and AP-1 as regulated by PKC and
MAPK.*® In addition, experiment evidence has suggested
that the EBV transformation of normal human epithelial cells
depends on the presence of TPA.*® These findings indicate
that the interaction between herbal medicine and EBV is bi-
ologically plausible and herbal medicine might involve in
the pathogenesis of NPC either though reactivating EBV or
through a promotional effect on cells transformed by EBV.
However, we have observed a positive association between
monthly consumption of Canton-style herbal tea and oral
EBV DNA loads in healthy population.25 In this study, we
further validated the association by identifying the positive
relationships between consumption of Canton-style herbal
tea and serum VCA-IgA and EA-IgA antibodies in NPC pa-
tients, especially in older patients, females, those less edu-
cated and those with a family history of tumors. Our results
add to the evidence for the hypothesis that herbal tea may in-
crease the risk of NPC by promoting the reactivation of EBV.
However, conclusions need to be taken with caution given
the lack of similar associations between herbal tea and se-
rological antibodies of VCA-IgA, EBNAI-IgA, and Zta-IgA
in healthy population in our previous studies.?"** Our results
are somewhat consistent with an early study conducted by
Hildesheim et al*® in the Filipino population, wherein herbal
medicine use was found to be correlated with elevated anti-
EBYV antibody titers among NPC cases but not among control
subjects. Of particular note is that they further observed an
apparent interaction between herbal medicine use and anti-
EBV antibodies to NPC risk. These findings led them to
claim that herbal medicine interacted with EBV in the devel-
opment of NPC rather through a promotional effect on EBV-
transformed cells than through inducing EBV reactivation.

However, they declared at the same time that their results
should be interpreted with special caution due to the small
sample size (104 cases and 205 controls). Given that the
mechanism underlying the interaction between herbal med-
icine and EBV in the pathogenesis of NPC remains largely
unknown, more in-depth analysis based on larger epidemio-
logical studies and more detailed molecular cytology studies
are needed to elucidate this.

Though the association between cigarette smoking and
NPC has been well established by large epidemiological
studies in different regions,15’24’29’34’40'46 the underlying
mechanisms remain to be further elucidated. Our previous
in vitro experiment found cigarette smoke extract could pro-
mote EBV lytic gene expression in B cells.?! Further, our
previous large-scale multicenter epidemiological study ob-
served positive relationships between smoking and serum
seropositivity for VCA-IgA,21 EBNAI-IgA and Zta-IgA,22
as well as oral EBV DNA loads® among healthy individuals,
especially those in areas with high NPC incidence. These re-
sults suggest that smoking may increase the potential NPC
risk by triggering the EBV reactivation. In this study for NPC
patients, we further validated this perspective by identifying
a dose-response positive relationship between smoking and
EBYV DNase-specific neutralizing antibody among advanced
NPC patients. Additionally, we observed a strong dose-re-
sponse relationship between smoking and advanced NPC di-
agnosis, which was consistent with a previous study.47 EBV
antibodies have been widely reported to be strongly related
to NPC stage,48 as observed in this study. Therefore, the tri-
angle relation among cigarette smoking, EBV antibodies,
and NPC stage seemed particularly interesting and compli-
cated to interpret. Smoking might raise the risk of advanced
NPC though promoting the reactivation of EBV or smoking
directly induced advanced NPC and thus resulting in a higher
level of EBV reactivation. In other words, the exact location
of smoking and EBV in the pathogenic chain of NPC re-
mains unclear and is worthy of further in-depth exploration
in future studies. Besides, another interesting finding in our
analysis was that noninhalation of smoke was found to be a
stronger risk factor for both higher EBV DNase-specific neu-
tralizing antibody and advanced NPC diagnosis than inhaled
smoking. We suppose that smoking without inhaling deeply
allows more smoke to linger in the oropharynx and naso-
pharynx and may thus increase the risk for NPC incidence.
However, this superficial finding requires further in-depth
verification in future studies.

This study is one of the few epidemiological studies that
have described in detail the associations of environmental
risk factors with serological EBV antibodies among NPC
patients. We identified Canton-style herbal tea and smok-
ing as an independent risk factor for higher serological
EBV antibody levels, which is not only crucial for under-
standing the mechanisms of EBV reactivation in NPC but
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is also of significance for primary prevention of NPC due
to EBV reactivation in South China. This study was con-
ducted on the basis of a well-designed program with strict
quality control for data collection and laboratory testing to
ensure the precision of the results. It must be admitted that
this study did have some limitations. We did not collect
more detailed information on the herbal tea consumption,
such as types of herbal tea consumed, the initiation age
and duration years of herbal tea intakes, which limited us
to further explore the dose-relationship more precisely in
subgroup analysis. Besides, since EBV markers evaluated
in this study exhibit lower positive rates in healthy popu-
lation, we did not include EBV antibodies data of healthy
individuals in this study, which limited us to carry out a
case-control study to further evaluate the interaction be-
tween environmental factors and these EBV antibodies for
NPC risk. Finally, further prospective studies are needed to
confirm the causal relationship among these environmen-
tal factors such as herbal tea intake and smoking, elevated
EBYV antibodies and NPC development.

In summary, this study identified the risk effect of herbal
tea consumption in addition to smoking on EBV reactivation
among NPC patients, providing new insight into the patho-
genesis mechanisms of NPC from the perspective of EBV
reactivation. We consider smoking cessation, reducing or
avoiding herbal tea consumption, which is not that hard to
achieve, may have the potential to serve as new approaches
to decrease EBV reactivation in high-risk populations, which
may be of potential public health significance for the primary
prevention of NPC.
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