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Background. Elevated serum IgA to Epstein-Barr virus (EBV) antigens was frequently found in
patients with nasopharyngeal carcinoma (NPC). Recent evidence indicated that EBV in NPC
patients could be a mixture of latent and active infections.

Methods. In this longitudinal study, we therefore used six EBV antigens from both latent and
acute phases of infection to evaluate NPC patients. Immunosensitivity was determined using
enzyme-linked immunosorbent assay, and immunospecificity was assessed using immunoblot.
Resulis. Levels of serum IgA to EBV in NPC patients were significantly higher than the levels in
the healthy control subjects. Persistent high IgA titer or the aberrant increase of IgA level
indicated a high risk of disease recurrence and early distant metastasis.

Conclusions. Disease progression of NPC was proceeded by the increase of IgA titer to EBV
antigens. Measurement of serum IgA to a panel of EBV antigens from both latent and acute viral
infections could, therefore, provide a predictive index for NPC response. (Mid Taiwan J Med

2001;6:7-13)
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INTRODUCTION

Nasopharyngeal carcinoma (NPC) is a
common cancer in Southeast Asia, including
Southern China, Hong Kong, Taiwan,
Singapore, and Malaysia [1-4], where large
populations of ethnic Chinese are gathered.
The age-adjusted annual incidence rate varied
from 3/10° to 60/10° [4,5] Genetic vulnerability,
diet, environmental factors and viral infections

have been associated with the high risk of
NPC [5-7]. Among these, Epstein-Barr virus
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(EBV) infection has been suggested to
contribute most substantially to the
development of NPC. Not only EBV gene
products are detected in NPC cells [6-9], but
also serum IgA and IgG to EBV antigens are
elevated in these patients [1-4,8-11]. EBV
serology, virology, pathology, immunology and
molecular biology were therefore used for
determining the disease management [6-12].
Several researchers have studied the
correlation between serum antibody titer to
EBV with prognosis. Nonetheless, the results
have not been consistent [2-4,8-11]. The
discrepancy could be due in part to the
limited application capacity of the respective
EBV antigen, and in part to the fact that the



virus in the cancer cells may not be latent
alone [1-49-11]. In this study, we used six EBV-
encoded proteins that were expressed at
different phases of virus infection to appraise
serum IgA levels to determine the clinical care
of NPC patients.

PATIENTS AND METHODS
Patients

From June 1980 through July 1992, 314
patients with newly diagnosed NPC were
enrolled in this study. All patients for whom at
least one follow-up examination or death was
documented were pathologically confirmed as
having NPC. Patients were followed until June
1997. Clinical staging was classified by the
UICC system. Sera from 340 healthy donors
with equivalent distribution of age and gender
were collected as the healthy control for
comparison [1]. The protocol was approved by
the ethics committee of our hospital, and
written informed consent was obtained from
each patient. Sera and peripheral blood cells
were collected from patients at the time of
diagnosis. Following cessation of treatment,
collections of sera and peripheral blood cells
were continued during follow-up, four times at
three-month interval during the first year, and
then at six-month interval after the second
year. The total dose for irradiation was 70 -74
Gy (2 Gy/fraction, 5 fractions/week) at the
nasopharynx region. When the patient had
cervical lymph node involvement, 65-74 Gy
was given in the neck areas. Patients with
local recurrence were irradiated by external
beam irradiation, and those with distant
metastatsis were treated with chemotherapy
consisting of cisplatin and 5-fluorouracil based
regimens. After treatment, all patients were
followed as designated by protocol. A single-
blind procedure was followed to carry out
enzyme-linked immunosorbent assay (ELISA),
immunoblotting, in situ hybridization (ISH)
and polymerase chain reaction (PCR) [1].
Immunoblot Analysis and EBV Signal

Amplification
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Construction of the plasmids, purifi-
cation of the EBV antigens and sensitization of
the ELISA plate have been described
previously [1]. Immunoblot analysis and EBV
signal amplification were performed as
reported previously, and the respective
sensitivity of immunoblotting was 981% and
specificity was 933% [1]. Briefly, six purified
recombinant proteins, DNA binding protein
(DBP), early antigen diffused (EA-D), EBNA-1,
EBV-specific DNA polymerase (EDP), thymi-
dine kinase (TK) and EBV BZLF-1 replication
activator (ZEBRA), were mixed and subjected
to a one-well SDS-PAGE. Proteins were then
electroblotted onto a nitrocellulose membrane,
and the membrane was sectioned into thin
strips containing all six proteins. A thin strip
was incubated with serum from one patient. A
positive reaction was identified using alkaline
phosphatase-conjugated goat anti-human IgA
(1:3000 dilution) and chromogen nitro blue
tetrazolium with 5-bromo-4-chloro-3-indolyl
phosphate (Sigma, St. Louis, Missouri). For EBV
signal amplification, cellular DNA extracted
from each patient's WBC fraction was
subjected to 40 cycles of PCR. Two sets of
primers that were specific to the Bam HI L
region and BamHI W region of EBV were
used, respectively. The amplified product was
then resolved in a 2.5% agarose-ethidium
bromide gel [1].

RESULTS

The initial clinical characteristics of the
NPC patients are summarized in Table 1. The
average age of the male patients was 51.6 £129
years (n = 251), and that of the female patients
was 43.2 +£13.1 years (n = 63). Following
radiotherapy, all patients reached complete
remission, except 23 patients who had disease
advanced and 30 patients who had only
partial remission. The two-year local relapse
rate was 20.3%. The five-year survival rate
decreased with advancement of the disease
(stage I, 100%; stage II, 71.2%; stage III, 42.0%;
and stage 1V, 295%), and with the increased
number of lymph nodes involved (NO, 681%;
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Table 1. Initial clinical characteristics of 314 patients with nasopharyageal carcinoma

T N Stage*
T1 35 (11D NO 84 (26.8) I 23 (73)
T2 84 (26.8) N1 25 (80) il 40 (27)
T3 73 (232) N2 78 (24.8) 1 63 (20.1)
T4 122 (38.8) N3 127 (40.4) v 188 (58.9)

*Lymph node involvement 73.2% (230); 'number in parenthess represents the percentage.

Table 2. Changes of serum IgA levels to EBNA-1 and EA-D during follow-up and correlation of IgA level
changes with the survival time in 306 patients with nasopharyngeal carcinoma

Serum IgA level to EBNA-1 and EA-D after therapy*

Survival time

Decreased No change Increased
<1 year (n =30) 5167 15 (50.0) 10 (333)
1 year —5 years (n = 103) 32 (31D 54 (52.4) 17 (165)
> 5 years (n = 173) 63 (36.4) 100 (57.8) 10 (5.8)

*Significant difference was noted patients with different survival time (»<0003); '"number in the parenthesis

represents the percentage.

N1, 50.7%; N2, 43.8%; and N3, 312%). We used
six EBV-encoded proteins that were expressed
at different phases of virus infection to
appraise serum IgA level in these NPC
patients. Consistent with our previous results
[1], the elevated serum IgA to EA-D and EBNA-
1 was found in 97.5% of patients by ELISA.
When the survival rates of patients were
stratified with the initial IgA titer to the
respective EBV antigen, no significant
correlation was detected (data not shown).
There was no correlation found between the
initial IgA titer to a single EBV antigen and the
complete remission rate either.

After treatment, eight patients whose
results were negative for serum IgA/EBV at
diagnosis remained negative. The combination
of EBNA-1 and EA-D was further used to
monitor patients with positive serum IgA/EBV
during the follow-up. The results are shown in
Table 2. Among the 306 patients with positive
results of serum IgA/EBV, serum level of IgA
in 169 patients (55.2%) stayed above the cut-off
value [1]. In 100 patients, the serum IgA level
decreased gradually, and in 37 patients, the
serum IgA level increased aberrantly. Mostly,
the increases of IgA titers were associated
with a high risk of disease recurrence, early

distant metastasis, and early death. However,
IgA titer change may not procure the same
result in every patient. During the first year,
five patients (15.6%) died who indeed had
substantially decreased serum IgA levels to
EBNA-1 and EA-D. A spectrum of six EBV
antigens was then used in western blot
analysis to monitor the disease. We
emphasized on the 32 patients who died in
the first year and ten patients who had
obviously increased IgA levels but lived for
more than five years after cessation of
therapy. Representative examples from five
patients are shown in Fig. 1. Lanes 1-3 indicate
an increase in ELISA reading, however, IgA
levels measured using immunoblotting
decreased. The virus replication-associated
proteins, such as EDP, DBP, TK and ZEBRA,
had decreased markedly. Patient B had
obviously increased IgA levels according to
both ELISA and immunoblotting as shown in
lanes 4-6. The increases were mainly the
virus replication-associated proteins (lanes 5
and 6). The extraneous bands detected
between the virus proteins could be a minor
bacterial proteins left during the extensive
purification. IgA levels that were not changed
on ELISA readings, but decreased on
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Fig. 1 Representative examples of immunoblot analysis
using six recombinant EBV antigens to determine the
serum IgA levels in five NPC patients. Each nitrocellulose
membrane strip contained six purified recombinant
proteins: EDP, 0.25 xg; DBP, 0.25 ng; TK, 0.25 1g; EA-D, 025 1 g;
EBNA-1, 01 xg; and ZEBRA, 025 rg. The relative position of
each EBV protein (labeled on the right-hand side). Arrow:
position of protein molecular weight standard. A450
readings for the respective lanes are listed at the bottom.

immunoblotting are shown in lanes 7-10
(patient C). However, decreases were observed
in the virus replication-associated proteins. In
patient D, the IgA levels were not changed on
ELISA reading, but were increased on
immunoblot-ting (lanes 11 and 12). Lanes 13
and 14 demonstrated that patient E had a
decrease on the ELISA reading, but an increase
of IgA levels on immunoblotting. These results
showed that western blot analysis resolved the
immunoreactivity of serum IgA to the
respective EBV antigens, and showed the
fluctuation pattern of IgA levels at the same
time. Persistent high IgA levels and the
aberrant increases of IgA titers to EBV were
associated with a high risk of disease
recurrence and early distant metastasis. Local
recurrence was confirmed using nasopharyn-
goscopy, biopsies and identification of EBER
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expression. Distant metastasis to the lung or
liver was validated using sonography and X-
ray radiography. Distant metastasis to bone
marrow was proven with biopsy and ISH of
EBERs [12].

DISCUSSION

The results from the serological studies
of the NPC patients have provoked a question
about the persistently high titers of IgA to
EBV [1-4,7-11]. High levels of IgA to EBV-
specific antigens implicate continuous
stimulation of the host immune system with
these EBV-specific antigens from certain
mucosa origins [1]. In addition, antibodies to
the early and late gene products of EBYV, such
as viral capsid antigen (VCA), have suggested
the recent encounter with these proteins and,
probably, the mature virus particles.

The extensive search using electron
microscopy, however, did not identify virus
particles in the NPC cells [13]. Interestingly,
following passages in a nude mouse, the NPC
cells released EBV to infect marmoset
lymphocytes [14]. Freshly cultured NPC cells
that were activated by bromodeoxyuridine
also released EBV particles [15]. These data
suggest that pathological microenvironments
in patients with NPC might modulate the gene
expression of EBV in the tumor cells, which in
turn were reflected in the pattern of IgA
expression. The results also indicated that the
unusual immunological response in NPC
patients to EBV were a result of the aberrant
viral gene expression [8,10,11], the reactivation
of virus infection, or a mixture of both [1,9,16].
Therefore, using a single EBV antigen
expressed during a certain phase of viral
infection to study the disease and to predict
the outcome of treatment might have intrinsic
limitations.

Based on this concept, we used six EBV-
specific antigens that were expressed during
the latent and replication phases, to determine
the concurrent presentation of serum IgA to
these antigens [17]. Our results support the
previous findings that EBV infections in NPC
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patients are not latent alone [8,10,11]. Although
the immunosensitivity and the immunospeci-
ficity among the various proteins indicate the
different antigenicities of recombinant
proteins, the differences also suggest that the
different duration and the quantities of these
antigens are presented to the patient's immune
system during disease progression. Detection
of serum IgA to EBV gene products in the
various phases of viral infection could then
reflect, at least in part, the immunological
reaction to the active processes of the virus in
each patient. Other explanations are also
possible. However, our results are consistent
with the facts that EBNA-1 is essential for
maintaining the episomal EBV while virus
reactivation could take place by a yet-to-
determine pathological mechanism in the
patient [1,17,18]. Our previous results showed
that complementation of EBNA-1 with that of
lytic cycle-related EBV antigens provided a
better predictive index than a single EBV
antigen for the early detection of NPC [1].
Determination of serum IgA levels using a
panel of EBV antigens from both latent and
active phases in an immunoblot provided a
better option for predicting treatment
response of NPC and early detection of
disease relapse. Furthermore, our current data
are consistent with those found in other
reports [1-4,8-11], and suggest that the viral gene
expression in the tumor cells might be
affected by the pathological microen-
vironment. Details of the mechanism, how-
ever, need further investigation.
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