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Abstract The Epstein-Barr virus (EBV) has been studied for over 25 years as a probable cause of
certain human cancers, including nasopharyngeal carcinoma (NPC). This is a low-incidence head and
neck cancer in Western countries (including the USA), but is the third-leading cancer in males in
Southeast Asia. Evidence supporting an etiologic relation between this virus and NPC includes the
fact that there is a 100% infection rate in patients with this cancer and that EBV DNA and antigens
have been demonstrated in all biopsies examined to date. The determination that EBV is at least a
major co-factor in the etiology of NPC has led to the development of new diagnostic and prognostic
tests for this disease using anti-viral markers. Of particular importance to the diagnosis of NPC were
the findings, initially reported by the Henles [Int J Cancer 17:1-7, 1976], that the serum of patients
with NPC contain IgA antibodies to EBV at a high frequency. In general, 80-90% of patients with this
disease contain serum IgA antibodies to EBV as opposed to 10-30% of the normal population. This
finding has resulted in the development and successful employment of tests measuring this antibody
as adjuncts to pathology in the diagnosis of NPC including the occult form. In addition, this finding
has resulted in the development of tests for the early detection of this disease. The IgA test for
antibodies to EBV is currently employed in large screening programs in Southeast Asia designed to
identify those individuals at risk for the development of NPC. Results from these screening programs
that have now been ongoing for over 5 years indicate that the incidence of NPC is 100-1000-fold
higher in IgA antibody-positive individuals as opposed to IgA anti-EBV antibody-negative individuals,
demonstrating the value of this IgA test for identifying individuals at high risk for NPC. The fact that
this antibody test can be used reliably for the detection of early NPC should lead to earlier and more
successful treatment of this disease. = © 1993 Wiley-Liss, Inc.
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The Epstein-Barr virus (EBV) has been stud-
ied as a candidate human cancer virus since its
discovery in 1964 [1]. Existing data indicate
that this herpes virus, which is the etiologic
agent of heterophil-positive infectious mononu-
cleosis (IM), is also an important cofactor in the
etiology of some human cancers, namely African
Burkitt’s Lymphoma (ABL), nasopharyngeal
carcinoma (NPC) and B-cell lymphomas in im-
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munodeficient populations includingindividuals
with AIDS (Table I). The data supporting these
associations have been reviewed by a number of
investigators [2-7]. Thus, EBV appears to be a
bonafide human cancer virus, raising the realis-
tic possibility that it might be possible to pre-
vent EBV-associated diseases, including these
cancers, through the employment of a vaccine.
In addition, these studies on the etiological
relationship of EBV with cancer have resulted
in the identification of certain immune response
patterns to EBV-associated antigens that are of
value to the clinician for the diagnosis and
clinical management of patients with EBV-asso-
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TABLE I. Candidate Diseases Associated With Infection by EBV

Infectious mononucleosis!
African Burkitt’s lymphoma

Nasopharyngeal carcinoma

B-cell lymphomas in immunodeficient populations

Hodgkin’s Disease
Sjogren’s syndrome
Rheumatoid arthritis

Chronic fatigue syndrome

'Etiology has been established

ciated diseases. Some of these anti-viral mark-
ers have been used for the early detection of
these cancers, as well as metastatic lesions. This
paper will review some of the relevant findings
with NPC in the context of the major topic of
this scientific meeting.

EBV AND NPC

The original data implicating EBV as a factor
in the etiology of NPC came from serological
studies on African patients [4]. In the initial
studies, it was observed that all African patients
with NPC were infected with EBV and had
antibody titers to a variety of EBV antigens
which were substantially higher than control
populations. These patterns were similar to
those described for patients with ABL, raising
the possibility that EBV was also an etiologic
agent in this disease. These findings were con-
firmed by similar studies on Chinese patients
with NPC [8-10]. Since these initial observa-
tions, it has been established that all patients
studied to date with NPC have been infected
with EBV regardless of the patient’s geographic
origin. This observation differs from that on
patients with Burkett’s lymphoma (BL) since it
was found that only in African cases were the
majority (97%) of individuals infected with EBV
[11]. The incidence of EBV in individuals with

BL in low-incidence areas such as the U.S.A.
was significantly lower in comparison with Afri-
ca. Thus, with the exception of heterophil-posi-
tive IM, NPC is the only EBV-associated disease
with a 100% infection rate. This consistent
association provides strong support for the hy-
pothesis that this virus is a major factor in the
etiology of this malignant disease.

The association of EBV with NPC was
strengthened by other studies which demon-
strated a relationship between anti-EBV anti-
body titers and disease course. For example, it
has been reported by different investigators
that antibody titers to different EBV antigens
increase progressively with stage of disease,
indicating that the virus antigens reside in the
growing tumor [3,8,9]. In addition, it was dem-
onstrated that antibodies to different EBV anti-
gens were prognostic in patients following treat-
ment, thereby providing evidence for the pres-
ence of the virus in the tumor {3,8,9]. In gener-
al, antibody titers to different antigens re-
mained stable or increased in those patients
unsuccessfully treated. In contrast, antibodies
tended to decrease to low or undetectable levels
in successfully treated patients and increased
with recurrent disease often before metastatic
cancer was clinically evident. These antibody
patterns again indirectly placed the virus ge-
netic material in the tumor cells themselves. In
fact, the expression of a variety of EBV antigens
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TABLE II. Frequency of IgA-Positive Sera in Different Disease Categories

Disease No. Sera Positive/ Positive (%)
No. Tested
NPC
WHO1 5/51 10
WHO?2 and 3 206/249 83
Other head and neck cancers 51/324 15
Benign head and neck diseases 57/428 13
Other malignancies including
lymphomas 7/73 10
Normal 18/405 5

has now been demonstrated directly in NPC
biopsies [12].

In an effort to directly demonstrate the pres-
ence of EBV DNA in the carcinoma cells, hy-
bridization studies using viral DNA as the probe
were successfully performed by a number of
laboratories. These studies demonstrated that
the viral DNA was indeed present in the tumor
cells of all NPC biopsies regardless of the WHO
histopathological classification [13]. In addition,
EBV DNA has now also been identified in cell
lines successfully established from NPC biop-
sies. These findings, along with the results of
the serological investigations, strongly support
the hypothesis that EBV is, at minimum, an
important cofactor in the etiology of NPC.

How does the virus get into the epithelial
cells? Until very recently, the answer to this
question was unknown. One possibility was that
fusion occurred between epithelial cells in the
nasopharynx and EBV genome-positive B lym-
phocytes. Since the WHO2 and WHOS histo-
pathological types of NPC are heavily infiltrated
with lymphocytes in vivo, fusion was clearly a
possible explanation for the mechanism of infec-
tion and transformation of epithelial cells. In
fact, hybrid cells expressing EBV-associated
antigens could be formed in vitro by cell fusion
[14]. Although this mechanism might indeed
function in vivo, it has now been established
that a small percentage of epithelial cells in the
nasopharynx do indeed have EBV receptors and
are therefore directly infectable with EBV [15,
16). Therefore, it is likely that direct infection

of epithelial cells is the major mechanism of
entry.

EARLY DETECTION OF NPC

As already noted, serological studies on pa-
tients with NPC identified anti-viral markers
that varied with disease course and therefore
were of clinical significance. In addition, certain
antibodies to EBV antigens appeared to be
useful adjuncts to pathology in the diagnosis of
NPC (including the occult form) and for screen-
ing of populations at high risk for the develop-
ment of this disease, such as those in Southeast
Asia. The most disease-specific of these markers
was the presence of IgA antibodies to certain
EBV antigens. This outstanding feature of NPC
was originally reported by the Henles [17] who
noted that greater than 90% of the patients
with NPC from high-incidence areas were posi-
tive for IgA antibodies to EBV as compared to
a much lower frequency of positivity (10%) in
control populations. These controls included
individuals with EBV-associated lymphomas.
The original findings of the Henles have now
been reproduced in a number of different labo-
ratories working with patients from both high-
and low-incidence areas for this cancer [18,19].
These include North American patients with
NPC [19]. In general, over 75% of the North
American patients who have been studied to
date have been positive for this antibody at
diagnosis in comparison with 10-15% of various
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control groups, including patients with other
head and neck cancers. Interestingly, when the
diagnostic serum antibody profile was related to
histopathology according to the WHO classifica-
tion, there was a striking difference between
the well-differentiated WHO1 tumors compared
with the less-differentiated WHO2 and WHO3
tumor types (Table II). The frequency of IgA
antibodies to EBV was approximately 10-15%in
the sera of patients with WHO1 tumors and
various control groups. In contrast, over 80% of
the sera from patients with WHO2 and WHO3
tumors were positive for this antibody. The
reason for this difference is still unknown; it
has been established that all three histopatho-
logical types of NPC contain the EBV genome
f13]. It is possible that the degree of lymphoid
infiltration in these different histopathological
types of NPC is responsible for this result, but
this has not yet been determined. Nevertheless,
these findings established that the measure-
ment of IgA antibody to EBV was a useful mar-
ker to diagnose WHO2 and WHO3 histopatho-
logical types of NPC, which comprise 75% of all
cases, and might also be of value in identifying
individuals at risk for the development of this
disease. Studies have demonstrated that this
test could also be used successfully to diagnose
occult NPC and to detect metastatic disease
before the appearance of clinical signs [20-22].

Because of the specificity and sensitivity of
the IgA marker for detecting minimal tumor
load, these assays have now been employed in
screening tests in Southeast Asia in an effort to
identify individuals at risk [23]. Results from a
10-year prospective study in Wuzhow City in
China, involving approximately 21,000 individ-
uals over 40 years of age, are promising in this
regard. At a recent international meeting, Zeng
Yi [24] reported that the incidence of NPC in
the IgA antibody-positive population over this
10-year period was approximately 200-fold high-
er than in the IgA antibody-negative population.
The NPC detection rate in these two popula-
tions was 4666 per 10° in the IgA antibody-
positive group versus 20 per 10° in the IgA
antibody-negative population. Similar results
were noted in a prospective study in Zangwa
county. These findings demonstrate quite con-
vincingly that the IgA antibody to EBV is a
reliable marker for the detection of early NPC
and therefore could be employed for identifying

candidates for early intervention studies against
this disease.

CONCLUSIONS

The studies on the relationship of EBV to
NPC over these past 25 years have established
that this virus is at least an essential cofactor in
the etiology of this disease. The serological
studies have also identified antibody response
patterns to EBV antigens that have clinical
significance. Of particular importance to early
intervention studies are the observations that
IgA antibodies to EBV herald the presence of
early disease. Using this marker in screening
programs in high risk areas should therefore
increase the probability of identifying individu-
als with minimal disease, thereby offering the
physician the opportunity to initiate early
treatment for successful eradication.

REFERENCES

1. Epstein MA, Achong BG, Barr YM: Virus particles
in cultured lymphocytes from Burkitt’s lymphoma.
Lancet 1:702-703, 1964.

2. Henle G, Henle W, Diehl V: Relationship of
Burkitt’s tumor associated herpes-type virus to
infectious mononucleosis. Proc Natl Acad Sci (USA)
59:94-101, 1968.

3. Henle W, Henle G: The immunological approach to
study possible virus-induced human malignancies
using the Epstein-Barr virus as example. Prog Exp
Tumor Res 21:19-48, 1978.

4. Old LdJ, Boyse EA, Oettgen HF, DeHarven E, Geer-
ing G, Williamson B, Clifford P: Precipitating anti-
body in human serum to an antigen present in
cultured Burkitt’s lymphoma cells. Proc Natl Acad
Sci (USA) 56:1699-1704, 1966.

5. Purtilo D: Pathogenesis and phenotypes of an X-
linked lymphoproliferative syndrome. Lancet 2:
882-885, 1976.

6. Klein G, Purtilo D (eds): Symposium on Epstein-
Barr virus-induced lymphoproliferative disease in
immunodeficient patients. Cancer Res 41:4209-
4747, 1981.

7. Cleary ML, Dorfman RF, Sklar J: Failure in immu-
nological control of the virus infection: Post-trans-
plant lymphomas. In Epstein MA, Achong BG (eds):
"The Epstein-Barr Virus: Recent Advances." Lon-
don: William Heinemann Medical Books, 1986, pp
163-182.

8. Henle W, Henle G: Seroepidemiology of the virus.
In Epstein MA, Achong BG (eds): "The Epstein-Barr
Virus." New York: Springer-Verlag Press, 1979, pp
61-78.



154

10.

11.

12.

13.

14.

15.

16.

17.

Pearson

Pearson GR: EBV immunology. In Klein G (ed):
"Viral Oncology." New York: Raven Press, 1980, pp
739-767.

Pearson GR: Recent advances in research on the
Epstein-Barr virus and associated diseases. In Fair-
banks VF (ed): "Current Hematology and Oncology."
Chicago: Year Book Medical Publishers, Inc., 1986,
pp 123-138.

Lenoir GM: Role of the virus, chromosomal trans-
locations and cellular oncogenes in the aetiology of
Burkitt’s lymphoma. In Epstein MA, Achong BG
(eds): "The Epstein-Barr Virus: Recent Advances."
London: William Heinemann Medical Books, 1986,
pp 184-205.

Luka J, Deeb ZE, Hartmann DP, Jenson B, Pearson
GR: Detection of Epstein-Barr virus replication-
associated antigens in nasopharyngeal carcinoma
biopsies. J Natl Cancer Inst 80:1164-1167.
Raab-Traub N, Flynn K, Pearson G, Huang A,
Levine P, Lanier A, Pagano J: The differentiated
form of nasopharyngeal carcinoma contains Epstein-
Barr virus DNA. Int J Cancer 39:25-29, 1987.
Glaser R, Nonoyama M: Epstein-Barr virus: Detec-
tion of genome in somatic cell hybrids of Burkitt
lymphoblastoid cells. Science 197:492-293, 1973.
Young LS, Clark D, Sixbey JW, Rickinson AB: Ep-
stein-Barr virus receptors on human pharyngeal
epithelia. Lancet 1:240-242, 1986.

Sixbey JW, David DS, Young LS, Hutt-Fletcher L,
Tedder TF, Rickinson AB: Human epithelial cell
expression of an Epstein-Barr virus receptor. J Gen
Virol 68:805-811, 1987.

Henle G, Henle W: Epstein-Barr virus-specific IgA
serum antibodies as an outstanding feature of naso-

18.

19.

20.

21.

22.

23.

24.

pharyngeal carcinoma. Int J Cancer 17:1-7, 1976.

Ho HC, Ng MH, Kwan HC, Chau JCW: Epstein-
Barr virus-specific IgA and IgG serum antibodies in
nasopharyngeal carcinoma. BrJ Cancer 34:655-660,
1976.

Pearson GR, Weiland LLH, Neel HB III, Taylor W,
Earle J, Mulroney S, Goepfert H, Lanier A, Talvot
ML, Pilch B, Goodman M, Huang A, Levine PH,
Hyams V, Moran E, Henle G, Henle W: Application
of Epstein-Barr virus (EBV) serology to the diagno-
sis of North American nasopharyngeal carcinoma.
Cancer 51:260-268, 1983.

Coates HL, Pearson GR, Neel HB I1I, Weiland LH,
Devine KD: An immunologic basis for detection of
occult primary malignancies of the head and neck.
Cancer 41:912-918, 1978.

Ho HC, Kwan HC, Ng MH, de Thé G: Serum IgA
antibodies to Epstein-Barr virus capsid antigen
preceding symptoms of nasopharyngeal carcinoma.
Lancet 1:436-, 1978.

Neel HB, Pearson GR, Weiland LH, Taylor WF,
Goepfert HH: Immunologic detection of occult pri-
mary cancer of the head and neck. Otolaryngol
Head Neck Surg 89:230-234, 1981.

Zeng Y, Zwang LG, Li HY, Jan MG, Zwang Q, Wu
YC, Wang YS, Su GR: Serological mass survey for
early detection of nasopharyngeal carcinoma in
Wuzhow City, China. Int J Cancer 29:139-141,
1982.

Zeng Y, Deng H, Zhong J: Prospective studies of
nasopharyngeal carcinoma for 10 years in Wuzhow
City and Zangwu County, Guangxi. Proc 5th Int
EBV Symp on EBV and Assoc Dis (in press).





