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PREFACE TO THE SERIES, DEVELOPMENTS IN MEDICAL VIROLOGY

It is my pleasure to introduce the first volume in our new series,
Developments in Medical Virology. This series is planned to add another
dimension to our understanding of the processes involving viruses as

pathogens of cells and organisms. Our series Developments in Molecular

Virology is devoted to the basic molecular aspects of virus replication,
while Developments in Veterinary Virology deals with viral disease processes
in domestic animals.

It is hoped that Developments in Medical Virology will provide advanced

information on the understanding of virus diseases of man. The current
volume deals in depth with various aspects of Epstein-Barr virus. Forth-
coming volumes will be devoted to viruses affecting various organs and will
also focus on different illnesses caused by a specific family of viruses.
Certain volumes in the current series are intended to complement their
counterparts in Developments in Molecular Virology, so as to update our

knowledge of human virus diseases and the practices used in their control.

I would Tike to express my appreciation to the editors of this book
and to all those already engaged in the preparation of volumes to appear
in the future.

Yechiel Becker
Series Editor



PREFACE

It has been slightly more than two decades since the
Epstein-Barr virus (EBV) was discovered by Prof. M.A.
Epstein and his colleagues at the University of Bristol in
their search for the causative agent of Burkitt's
lymphoma. For several years EBV was a "virus in search of
a disease." The first documentation that EBV was
pathogenic for humans was in 1969 when Drs. Gertrude and
Werner Henle identified it as the causative agent for
infectious mononucleosis. Seroepidemiologic and
biochemical studies subsequently linked EBV to Burkitt's
1ymphoma (BL), nasopharyngeal carcinoma (NPC), and more
recently to the X-linked lymphoproliferative syndrome.
With its widespread pattern of infection and a
predilection for producing clinical signs and symptoms in
only certain individuals, EBV has provided a model for
many other candidate oncogenic viruses, including
papilloma viruses, herpes simplex, and HTLV/LAV.

In 1975, an international workshop was sponsored by
the National Cancer Institute to address the problem of
EBV production, thus facilitating basic research on the
virus. This proved to be the last international meeting
on EBV for almost a decade. In the past, progress in both
clinical and basic research on EBV has been presented in
two types of international meetings, the international
herpesvirus workshops devoted primarily to basic research
on both human and animal herpesviruses, and the
international symposia on NPC, in which EBV-related
studies were interspersed with clinical, epidemiologic and
other etiologic aspects of this important human neoplasm.
Because of the rapid advances in both basic and applied
research on this widely investigated virus, scientists in
several countries initiated a meeting in September 1985 to
review the current status of the field and to propose new
areas of research. Attracting clinicians,
epidemiologists, immuno-virologists, geneticists and
workers in other areas of carcinogenesis, the meeting
proved to be a stimulating forum for fruitful discussion.

The continual progress in understanding the
biochemistry as well as the biology of EBV is apparent
from the manuscripts presented at this symposium and
appearing in this book. EBV, a ubiquitous virus which may
cause many illnesses still unidentified, has long merited
the attention and concentrated discussion permitted by

xiii
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this First International Symposium. It is our hope that
the documentation of the recent progress in studies of
this virus and the observation of areas still needing
concentrated attention (such as the laboratory
investigation of nasopharyngeal carcinoma, which has still
resisted attempts to grow the undifferentiated tumor cells
in tissue culture), will provide a guideline as well as a
status report to new investigators interested in pursuing
the enigma of why a ubiquitous virus can produce so many
different clinical outcomes. It is apparent from the
diverse problems being studied and the many unanswered
questions still being raised that there are still many
opportunities for clinicians and basic scientists to find
new leads regarding the pathogenesis and control of this
important human virus.
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IMMUNODEFICIENCY DISEASES



ASSOCIATION OF EPSTEIN-BARR VIRUS AND LYMPHOPROLIFERATIVE

DISEASES IN IMMUNE DEFICIENT PERSONS

David T. Purtilo, M.D.

Department of Pathology and Laboratory
Medicine, Pediatrics, and Eppley Institute
University of Nebraska Medical Center
Omaha, Nebraska 68105

SUMMARY

Multiple immune responses ordinarily provide tight
security against life-threatening Epstein-Barr virus (EBV)-
induced diseases. However, studies performed predominantly
during the recent decade have demonstrated that individuals
with acquired or inherited immune deficiency disorders are
subject to life-threatening diseases related to EBV. The
diseases seem to result depending on the type and degree of
the immune deficiency and when the immune deficiency occurs
with respect to primary infection by the virus. The X-
linked lymphoproliferative syndrome (XLP) serves as a model
demonstrating that immune deficient individuals can develop
a spectrum of diseases including acquired agam—
maglobulinemia, aplastic anemia, red cell aplasia, or proli-
ferative disorders such as chronic or fatal infectious
mononucleosis, pseudolymphoma or malignant B cell lymphoma.
Similarly, renal transplant recipients can develop a fatal
infectious mononucleosis=-like disease in young seronegative
patients, whereas older individuals tend to show reac-
tivation of virus and develop malignant lymphomas. Patients
with AIDS have also developed EBV-carrying malignant lympho-
mas. The serological findings in immune-deficient patients
usually reveal excessively high or low antibody titers. The
conversion from polyclonal B cell proliferation to monoclo-
nal B cell malignancies probably occurs as a result of cyto-
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genetic and/or molecular changes involving immunoglobulin

gene loci and oncogenes, such as c-myc. Recognition that

EBV can induce life-threatening diseases can lead to deve-
lopment of rational strategies for preventing immune defi-
ciency and also for treating patients before they develop

the life—-threatening diseases.

INTRODUCTION

The immune competence and age of a person determine
the clinical consequence when primary infection by
Epstein-Barr virus (EBV) occurs. Although mainly malignant
B cell disorders will be dealt with, a variety of
EBV-associated diseases which affect human beings will also
be summarized. Thereby, I intend to illustrate the biolo-
gical bridges between benign disorders and lymphoma which
are found in an individual or within families or in com-
munities and are associated with immune deficiency and
viral infection (Purtilo and Sakamoto, 1982; Purtilo,
1984a).

PREGNANCY, THE FETUS, EBV, AND BIRTH DEFECTS

Owing to physiological immune suppression accompanying
normal pregnancy (Purtilo et al., 1972), the virus fre-
quently becomes reactivated (Sakamoto et al., 1982).
Reactivation of EBV in pregnant women has been linked with
an increased frequency of pathologic births (Icart and
Didier, 1981). Others (Goldberg et al., 1981) have noted
that congenital heart disease can arise when the mother
becomes infected by EBV early in pregnancy. Maternal anti-
bodies to the virus increase during pregnancy. They are
passed transplacentally to the fetus (Sakamoto et al.,
1982).

PASSIVE AND ACTIVE PERIODS OF PROTECTION AGAINST EBV

The transplacental passage of neutralizing EBV antibo-
dies protect the child from primary infection for periods up
to 10 months. Seldom does an infant develop infectious
mononucleosis or Burkitt's lymphoma prior to approximately
four months, nor do phenotypes of the X-linked lymphoproli-
ferative syndrome (XLP) appear. Children, until approxima-
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tely 10 years of age, silently convert following primary
infection. This protection is due to their efficient
immune responses against the virus.

IMMUNE DEFICIENT CHILDREN, EBV, AND DISEASES

In contrast, children with immune deficiency disorders
can exhibit aberrant responses to the virus. The clinical
outcome depends on the child's type and degree of immune
incompetence. XLP is a model for investigating these phe-
nomena (Purtilo et al., 1975). Due to immune regulatory/
immune deficiency, males with the syndrome variously deve-
lop a variety of phenotypes following infection by the
virus. The predominant phenotype is fatal infectious mono-
nucleosis. It results from uncontrolled polyclonal B cell
proliferation which infiltrates vital organs such as the
heart, brain, and liver. Massive liver necrosis associated
with lymphoid cellular infiltration is the cause of death.
Concomitant or evolving phenotypes include aplastic anemia,
hypo—- or agammaglobulinemia, and malignant B cell lymphoma
(Purtilo, 1984a). Characteristically, infected males are
unable to mount normal cellular and humoral immune respon-
ses to viral antigens. Nearly 100% of the males possessing
the defective XLP lymphoproliferative control locus on the
X chromosome, manifest these phenotypes and the mortality
approaches 857% by 20 years of age.

Other immune deficiency disorders showing aberrant
immune responses to the virus and lymphoproliferative disor-
ders include ataxia-telangiectasia, severe combined immune
deficiency, Wiskott—Aldrich syndrome, common variable immune
deficiency, and Chediak-Higashi syndrome (Purtilo, 1984a).
Gatti and Good (1971) had noted an increased frequency of
lymphoma in immune deficient children. EBV is likely to be
responsible for some of these malignancies. Curiously, only
patients with XLP have manifested fatal infectious mono-
nucleosis. We think that the clinical outcome of EBV
infection is determined by the immune capacity of the
infected child. Alternative explanations include remote
possibilities that fragments of genome or defective virus
may be responsible for individual phenotypes. Rarely,
sporadic fatal infectious mononucleosis and non-X-linked
familial cases are identified. Chronic, active EBV infec-
tions or recurrent infectious mononucleosis have also been
documented (Purtilo et al., 1981; Ballow et al., 1982).
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RECURRENT AND CHRONIC ACTIVE EBV INFECTION

Currently, textbooks state that infectious mono-
nucleosis is not a recurrent or chronic disease. Data is
mounting that rarely, individuals suffer prolonged and
recurrent untoward consequences of infection by EBV. These
individuals are predominantly females who exhibit weakness,
malaise, fever, and, occasionally, lymphadenomegaly. They
variously exhibit immune deficient responses to EBV
including persistent anti-early antigen antibodies, defec-
tive regression of autologous lymphoblastoid cell prolifera-
tion in the presence of their T cells, and lymphokine
production may be deficient (DuBois et al., 1984). Straus
discusses this in detail elsewhere in this volume. This
syndrome arises usually during the late teen years or up to
the fourth decade. The advent of organ allografting,
abnormal social practices and immune suppression secondary
to malignancy and use of cytotoxic drugs has produced
another group of patients vulnerable to EBV.

ACQUIRED IMMUNE DEFICIENCY DISORDERS AND EBV

Various cultural and medical practices such as use of
immunosuppressive measures to transplant organs has rendered
such patients vulnerable to the virus. Summarized here are
studies on allograft recipients, male homosexuals, and
cancer patients regarding EBV and lymphoproliferative
malignancies.

Organ Transplantation and Epstein-Barr Virus

Penn and Starzl (1972) have noted an increased fre-
quency of malignancies in renal allograft recipients, espe-
cially, nonHodgkin's lymphoma. Collaborative studies
performed during the period 1979-1981 by investigators in
Minneapolis, Stockholm, and Massachusetts had revealed a
fatal infectious mononucleosis-like illness in young renal
allograft recipients and polyclonal B cell lymphoma-like
proliferative lesions in elderly recipients. These lesions
have all contained EBV genome (Hanto et al., 1984).
Similarly, cardiac and hepatic allograft recipients have
developed fatal EBV-carrying lymphoproliferative diseases
(Cleary et al., 1984; Starzl et al., 1984). Only rarely
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have bone marrow transplant recipients died of EBV-induced
malignancies: Neudorf et al. (1984) have demonstrated that
HLA-matched bone marrow allografting of immune deficient
patients prevents them from developing lymphoma. In
contrast, nonHLA matched allograft recipients may acquire
EBV-carrying lymphoma (Purtilo, 1984b). Removal of cyto-
toxic T cells by plant lectins or monoclonal antibodies
potentially removes the immunological surveillance of the
patient.

Acquired Immune Deficiency Syndrome (AIDS)

In 1981, an epidemic emerged among male homosexuals,
intravenous drug users, Haitians, and hemophiliacs which
was manifested by unusual infectious agents such as
Pneumocystis carinii and opportunistic malignancies
including Kaposi's sarcoma, squamous cell carcinoma and B
cell lymphomas which are also encountered in renal
transplant recipients (Sonnabend et al., 1983). Pre-AIDS
lymphadenomegaly has subsequently been identified.
NonHodgkin's lymphoma has been found in approximately 90
male homosexuals since 1981 in large cities where AIDS
occurs (Ziegler et al., 1984). We (Petersen et al., 1984)
and others (Ziegler et al., 1982) have demonstrated
EBV~carrying malignant lymphomas in such patients. The
agent responsible for AIDS may be a retrovirus variously
termed the lymphadenopathy-associated virus (LAV) or human
T cell lymphotropic virus—-III (HTLV-III). This virus can
infect EBV-infected Raji or lymphoblastoid cell lines and
become very productive in vitro (Montagnier et al., 1984).
Perhaps in vivo, interaction between EBV and HTLV-III
which simultaneously infects the immune system may be
responsible for the progressive, irreversible immune defi-
ciency of the patients.

For many years, individuals in Subsaharan Africa have
manifested an excess incidence of Burkitt's lymphoma,
Kaposi's sarcoma, squamous cell carcinoma and opportunistic
infections which have recently developed in patients with
AIDS and renal transplant recipients (Purtilo, 1976;
Purtilo, 1984c).
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EBV-ASSOCIATED BURKITT'S LYMPHOMA IN AFRICANS

The role of immunodeficiency and EBV in the pathogene-—
sis of Burkitt's lymphoma in the African setting is
substantial. Likely, a subtle immune deficiency arises
from the immunosuppressive impact of malnutrition, holoen-—
demic malaria, measles, and parasitism which would allow
primary EBV infection to induce a smoldering B cell proli-
ferative process. Moreover, males who show lesser immuno-—
competence than do females are chiefly involved.

Monoclonal malignancy likely develops vis—a-vis from mole-
cular attentions and/or a reciprocal translocation
involving sites where c-myc resides on chromosome 8 and
immunoglobulin gene loci on chromosomes 14, 22, and 2. The
prospective study in the West Nile by DeThe and others
(1975) have demonstrated that approximately 1 to 2 1/2
years transpire from the time of primary infection to the
appearance of Burkitt's lymphoma. The patients manifest a
much higher VCA titer than do those free of tumor. Henle
and Henle, 1981 and Sakamoto et al., 1981 have demonstrated
that immune deficient patients exhibit either too high or
too low antibody titers to the viral antigens. Defective
antibody responses can be due to immune suppression accom-—
panying malignancy.

CANCER PATIENTS AND EBV

Although fatal EBV-induced lymphoproliferative disease
in a patient with malignancy is rare (Hardy et al., 1984),
reactivation of the virus is common in individuals with
hematologic malignancies. For example, some individuals
with Hodgkin's disease show elevated EBV antibody titers
(Masucci et al., 198l). Similarly, patients with hairy
cell leukemia exhibit markedly elevated titers indicative
of reactivation of primary infection (Sakamoto et al.,
1981). Recently, we have demonstrated that reactivation of
EBV in patients with nonHodgkin's lymphoma correlates with
the prognosis of the patient: patients showing reac-
tivation patterns have a worse prognosis than those who do
not (Lipscomb and Purtilo - unpublished observations).
Normal immunological responses to EBV are dealt with by
Rickinson elsewhere in this volume, however, a brief synop-
sis is provided to compare with the defects found in the
immune deficient patients.
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IMMUNE SURVEILLANCE TO EBV

Numerous mechanisms have evolved to protect against
the virus. Briefly, these include inhibition of virus by
dilution with saliva and mucus; mucosal barriers; cell
barriers due to lack of viral receptors; suppression of EBV
infected B cell outgrowth by interferon; natural killer
cell activity; non-HLA cytotoxic T cell activity responses
to the lymphocyte—defined membrane antigen; HLA-restricted
cytotoxic T cells; antibody—dependent cellular
cytotoxicity; antibodies to membrane, viral capsid, early
and EB nuclear—associated antigens. A patient will not
become vulnerable to a life-threatening EBV infection if
they have only limited defective immune responses to the
virus. Therefore, multiple failsafe-type mechanisms have
evolved to prevent lethal disease.

The defective immune responses to the virus can be
categorized in two groups: qualitative defects such as
deficient interferon production in a French girl
(Virelizier et al., 1978), and natural killer cell defects
in patients with Chediak-Higashi disease (Merino, 1984) are
seldom reported. Quantitative immune -defects to EBV are
more frequently encountered. For example, in XLP, the
patients show defective antibody responses to EBV nuclear-
associated antigen and antibody-dependent cellular cyto-
toxicity; natural killer cell defects are acquired.
Cytotoxic T cell, suppressor and helper T cell function are
also deficient. T cell regulation of the complex immune
responses required to subdue the virus are defective in
XLP. Hence the extreme vulnerability to this virus.
Diagnosis of infectious mononucleosis has traditionally
been based on demonstrating a triad of clinical, hematolo-
gic, and serological findings (Hoagland, 1967). In immune-
deficient patients with EBV infection, other diagnostic
strategies are required.

DIAGNOSIS OF EBV INFECTION IN IMMUNE DEFICIENT PATIENTS

Suspicion that an unusual EBV-induced disease is pre-
sent is usually based on the history of inherited or
acquired immune deficiency. Often the patients manifest
fever, lymphadenomegaly, and other findings seen in non-
immune deficient patients with infectious mononucleosis.
Peripheral blood smears may reveal an unusually large
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number of plasmacytoid lymphocytes. EBV has the capacity
to drive B cells to form end-stage plasma cells. Serum Ig,
especially IgM, usually becomes elevated because of the
capacity of the virus to evoke polyclonal B cell activa-
tion.

The antibody responses to EBV typically show too high,
too low, or lack of complete spectrum of antibodies to the
viral antigens. Throat washings containing EBV can trans-
form cord lymphocytes; lymphoblastoid cell lines can be
established from peripheral blood lymphocytes or biopsied
specimens; EBNA can be demonstrated in touch imprints of
infected organs; virally infected lymphoid cells can be
detected by monoclonal antibodies in flow cytometry; and
employment of hybridization techniques can demonstrate the
viral genome (Purtilo, 1980). The immune-deficient patient
offers an opportunity to define normal immune responses to
EBV and the steps in a multistep process of lymphomagenesis
initiated by immune deficiency and promoted by the virus.

MOLECULAR AND CYTOGENETIC ASPECTS OF LYMPHOMAGENESIS

Defective immune surveillance to EB viral antigens can
allow the B cell proliferation to persist. If the immune
surveillance defects are profound, the individual will
likely succumb to a polyclonal B cell proliferation remi-
niscent of infectious mononucleosis. Patients with more
subtle immune deficiencies appear to develop a smoldering B
cell proliferation that converts to monoclonality (Klein,
1979). We (Hanto et al., 1982) have found conversion from
polyclonal to monoclonal EBV carrying B cell proliferation
in a renal transplant recipient. The demonstration by
Manolov and Manolova (1971) that a 14q+ aberration was pre-
sent in Burkitt's lymphoma has provided a glimpse of mecha-
nisms of lymphomagenesis. Characteristically, reciprocal
translocation is found in 80% of Burkitt's lymphoma lines
between 8q24 where the c-—myc oncogene resides and the heavy
chain immunoglobulin locus at 14q32. 1In 10% of cases the
exchange with 8 occurs at the lambda locus on 22, and the
remaining cases involve the kappa gene locus on chromosome
2. Investigators postulate (Leder et al., 1983) that the
approximation of the active immunoglobulin gene with the
suppressed c-myc oncogene promotes translocation of message
of c-myc, thereby promoting growth of the B cell. Thus the
altered cell acquires growth advantages and monoclonality
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supervenes. Given the requirement that immunoglobulin
genes become rearranged during normal immune responses, the
immunoglobulin loci in chromosomes 14, 22 and 2 are
vulnerable to cleavage when B cells are stimulated by EBV
or other B cell-activating agents. Perhaps molecular af-
finities between c—myc and the immunoglobulin loci are
important in aligning chromosomes for cleavage and translo-
cation.

During this decade, investigators have developed
methods for identifying EBV infection in immune-deficient
patients and have documented the untoward clinical con-
sequences of uncontrolled immune responses to the virus.
We now seek measures to prevent and intervene in these
life-threatening diseases.

PREVENTION AND INTERVENTION OF EBV INFECTION

Standard methods for preventing a viral infection
include vaccination and use of gammaglobulin and anti-
virals. Presently, a vaccine for EBV is being developed,
however, it is not yet available. A practical approach to
preventing primary infection in children with XLP is the
use of intravenous immunoglobulin (Purtilo et al., 1985).
This prophylaxis provides neutralizing antibodies, poten-
tially opsonizes infected EBV cells for destruction, and
arms antibody-dependent cellular cytotoxicity. Correction
of the immune deficiency is possible by bone marrow
transplantation (Neudorf et al., 1984; Filipovich et al.,
to be published). We have restored immune competence in a
patient with XLP who had received HLA-matched transplant
from his sister.

Therapy for individuals who become infected with EBV
can be approached rationally by improving immunity and pro-
viding antiviral therapy. The antiviral therapy available
today includes interferon and acycloguanosine. The limited
studies attempted so far have been disappointing.
Immunomodulating substances to correct quantitative immune
defects such as interleukin-2 or thymosin are being con-
sidered for use in clinical trials.
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SUMMARY

A spectrum of untoward consequences of EBV infections
in immune-deficient patients has been presented in patients
at various stages in the life cycle. Immunologic shielding
of the fetus and infant from primary infection is provided
by maternal antibodies. Children with severe primary
infection are vulnerable to life-threatening diseases
following dissipation of maternal antibodies beginning
about four to 10 months of age. Recurrent and chromnic
active EBV infections occur in rare incidences, predomi-
nantly in fe-males. A large group of patients with
acquired immune deficiency owing to allograft transplan-
tation, unusual lifestyles, geographical locale, and the
development of malignancies are at risk for fatal
lymphoproliferative diseases. The immune surveillance
apparatus that has evolved in concert with the virus provi-
des substantial defense against the virus. But rarely,
both qualitative and quantitative immune defects are
encountered in persons. No single immune defect is respon-
sible for vulnerability to EBV. Conversion from polyclonal
to monoclonal proliferation probably occurs due to molecu-
lar and/or cytogenetic events which activate one or more
cellular oncogenes. These agent endow the altered cell
with survival advantages. Finally, prevention of and
intervention in life—threatening EBV infections in immune
deficient patients can be potentially achieved by improving
the patient's immune responses and by providing antiviral
therapy.
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RELAPSING, RECURRENT, AND CHRONIC INFECTIOUS MONONUCLEOSIS

IN THE NORMAL HOST

Stephen E. Straus, M.D.

Medical Virology Section, Laboratory of Clinical
Investigation, National Institute of Allergy and Infectious
Diseases, National Institutes of Health, Bethesda, Maryland
20205 U.S.A.

Infectious mononucleosis is a well described disorder,
so there is no need for me to review the features of the
classic syndrome or the extensive evidence for Epstein-Barr
virus (EBV) as its major cause. I will, instead, review a
number of selected aspects of infectious mononucleosis
that have occupied my attention for the past few years,
but which are incompletely addressed in the literature.
These include the rather provocative issues of relapse,
recurrence, and chronicity of EBV infection in the normal
host.

Forty to sixty years ago, these issues were addressed
quite seriously by a number of investigators who made the
now uncommon effort to precisely observe and record the
features and sequelae of illness in hundreds of sequential
patients. Unfortunately, those observations were dependent
upon what we understand today to be inadequate diagnostic
tools. Nonetheless, they are of heuristic value.

We, who are armed today with more specific and
sensitive means of documenting and following EBV infection,
find ourselves confronted on occasion by patients with sero-
logically proven infections who appear to be improving and
then suffer an exacerbation of selected symptoms. Others
present with histories of infectious mononucleosis on more
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than one occasion. We offhandedly dismiss most such cases
as inadequately documented. Then, to our greatest conster-
nation, we are beset by individuals who claim continued
problems dating back to a remote episode of a mononucleosis-
like illness. It is because of such patients as these that
I have attempted in an open-minded fashion to consider
whether relapses, recurrences, or chronic illness follow
acute EBV infection. During the course of this review, I
will attempt to suggest how these manifestations of EBV
infection should be defined and documented and discuss what
pathophysiologic processes may underlie them.

RELAPSE

To begin with, I'd like to propose an operational
definition for a relapse of infectious mononucleosis,
namely, the return of selected symptoms associated with the
initial illness within one month of their abatement.
Classical infectious mononucleosis is quite protean in its
manifestations and, as with many diseases, the expression
of the illness may fluctuate, with periods of greater and
lesser severity.

In classic reviews of over 800 cases of infectious
mononucleosis published in the 1940s, Bernstein (1940),
Contratto (1944), and Wechsler et al. (1946) all stated
that in their experiences, relapses are not uncommon, occur-
ring in 4%-9% of their patients. Symptoms, including fever,
returned within 1-27 days after having disappeared.
Contratto (1944) was impressed that these relapses occurred
only in individuals who prematurely resumed their normal
level of activity. He observed no relapses in individuals
whom he felt had a complete recovery, as manifested by a
total disappearance of all symptoms and abnormal blood
findings.

Obviously, since the concept of an exacerbation or
relapse is in accord with common clinical experience, it is
most palatable, and serves as the basis for our standard

advice to patients: activity must be resumed gradually.
To my knowledge, however, there are no studies that address
this issue in current terms. For example, we have no

incidence figures for individuals who fulfill EBV-specific
serologic criteria for acute infection. Do individuals who
relapse have sustained elevations of selected antibody
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titers such as to the diffuse component of early antigen
(EA-D)? Are they more likely to display antibodies to the
restricted rather than the diffuse component of EA, as the
serologic data of Horwitz et al. (1975) appear to. suggest?
Is it possible that their development of EB nuclear-
associated (EBNA) antibodies is delayed? These are ques-
tions that the current technology permits us to address. I
believe that our understanding of the immune responses to
EBV remains too primitive, but some of the technologies,
which the other discussants in this session and I will
address, may also be suitable for examining patients who
suffer from relapses or possible recurrences.

RECURRENCE

Evidence for recurrent infectious mononucleosis, like
that for relapsing infection, largely resides within the
realm of "old wives' tales" or, at best, clinical anecdote,
but "old wives' tales" and clinical anecdote often have
merit. Therefore, since all other herpesviruses are
capable of inducing clinically apparent recurrences, it is
reasonable to consider that this might extend to EBV.

As before, I'll begin with an operational definition.
Recurrent infectious mononucleosis involves the reappear-
ance of a typical mononucleosis-like illness in an indivi-
dual who has been free of such symptoms for, let us say,
2 months or longer.

Hoagland (1967), in a summary of 500 consecutive cases
of infectious mononucleosis studied over 20 years, stated
that none of the cases had provided evidence of recurrent
infection. Citing several cases reported in the 1920s to
1940s, however, Bernstein (1940) concluded that recurrences
do exist, but are rare. To aid in an objective discussion
of recurrent mononucleosis, I have collected reports that
have been published in the English language over the past
40 years and that purported to demonstrate recurrent
infections confirmed by clinical, hematologic and serologic
data. These are displayed below in two tables, according
to whether or not EBV-specific serologies were performed.
The cases in the first table were reported as examples of
recurrent infection, depending largely on clinical and
epidemiologic criteria. An illness was considered to be
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infectious mononucleosis, even in the absence of an
atypical lymphocytosis and/or heterophile antibodies, if a
close contact had recently experienced an illness with
these hematologic or serologic abnormalities.

By these criteria, I found 15 cases that could be
considered to be recurrent infectious mononucleosis
(Table I). Only 10 of the case reports indicated the
presence of atypical lymphocytes on more than 1 occasion.
Only 6 patients (Nos. 5, 6, 7, 13, 14, and 15) had hetero-
phile responses and atypical lymphocytes in each episode.
These latter cases are more intriguing, but atypical lympho-
cytosis and heterophile antibodies are not the current sine
qua non of EBV infection. There are numerous causes of
atypical lymphocytosis, although high percentages (>50%) of
atypical lymphocytes are unusual except in EBV infection.
Moreover, it is not always clear in these reports whether
the heterophile tests incorporated proper absorption
studies to enhance their specificity; and even when per-
formed properly, these tests still yield false positives
(Ginsburg et al., 1977). Thus, under the scrutiny of the
contemporary critical eye, the <cases in Table I are
suggestive but can be dismissed.

Table II summarizes data from 7 reported cases in
which EBV-specific serologies had been included. Unfor-
tunately, we don't know what EBV-specific serologic
patterns a recurrent infection should exhibit. A reappear-
ance of VCA-IgM or EA antibodies would be desirable, as
would a 4-fold or greater rise in VCA-IgG titers. Are
these reasonable criteria? On the surface they would
appear so, but recurrent infections caused by herpes
simplex virus and varicella-zoster virus are often not
accompanied by reappearance or a rise in specific antibody
titers.

Of the 7 patients described in Table II, only Patient
7 had a recurrent mononucleosis-like illness with atypical
lymphocytes and heterophile antibodies on each occasion.
EBV serologies were not done during the first episode,
making this case no more impressive than those of Table I.
Patients 1-4 had positive but low EBV VCA-IgG titers 10
months to 3 years before presenting with a heterophile-
positive mononucleosis-like illness. If we assumed the
first titers to date from a prior EBV infection and the
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heterophile responses in the second attack to be nonspeci-
fic, then all 4 cases could be dismissed. But then it
would be hard to explain the 4-fold and greater rises in
EBV titers between attacks. Thus, these cases are inter-
esting, particularly that of Patient 2, who experienced
recurrent illness and had substantial titers on each
occasion.

The most complete and provocative data are those of
Horwitz et al. (1975), who followed the patients who
reacted to their primary infection with an EA-R rather than
just an EA-D response. Antibodies to EA-R are typical of
immune-deficient patients in whom reactivation infections
are presumed (Henle and Henle, 1981). Thus, their presence
during clinical recurrences in these presumably normal
hosts, is reasonable. Two patients (Nos. 5 and 6) (Horwitz
et al., 1975) were found to have substantial EA-R titers
during their recurrences. Unfortunately, none was proven
to be devoid of antibodies to EA prior to the documentation
of his EA-R titers.

A final issue, which must be addressed when consider-
ing recurrent infection, is that of reactivation as opposed
to exogenous reinfection. Exogenous reinfections have been
proven to occur in herpes simplex and varicella-zoster
virus infections. Theoretically, these could happen with
EBV as well, but none of the clinical, hematologic, or
serologic studies would alert us to the occurrence of such
events. Restriction endonuclease analysis of isolates from
sequential infections would need to be performed, but in
EBV, the tedium and expense involved in the procedure will
preclude its use until there are major technological
advances.

CHRONIC MONONUCLEOSIS

As indicated in my introductory remarks, the concept
of chronic mononucleosis is most disconcerting, and inves-
tigators interested in EBV appear most inclined to dismiss
it, except as it may relate to the immune-compromised host.
Because Dr. Purtilo discusses this subject elsewhere in
this book, I will not attempt to review in any detail the
evidence for chronic EBV disease in patients with
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congenital or acquired immune disorders. Suffice it to say
here that a combination of methodologies including serolo-
gies, fluorescence microscopy, cell-mediated immune studies
nucleic acid hybridizations, cytogenetics, and others have
led over the past several years to the recognition of
chronic proliferative and aproliferative sequelae of EBV.
These sequelae have appeared in young boys with the X-
linked lymphoproliferative syndrome, transplant recipients,
other sporadic cases, and possibly AIDS patients as well.
Studies of these model disorders have allowed us to develop
a series of criteria for recognition of chronic EBV disease.

Having recognized the serious form of chronic EBV
disease as manifested in the immune-deficient host, we turn
now to the question of whether a milder spectrum of illness
may develop in individuals who are, at least superficially,
normal from a host-defense standpoint. Unfortunately,
several of the methodologies relevant to the documentation
of chronic infection in the immune-deficient patients may
not be sufficiently sensitive or appropriate to the inves-
tigation of persisting illness in normal patients. For the
present, I would propose to define chronic infection in the
normal host as that in which symptoms persist for 1 year or
longer following acute symptomatic or initially asympto-
matic infection. It is this group of individuals that I
will consider for the remainder of this review.

As with the reports suggesting relapsing and recurrent
infectious mononucleosis, many cases in which chronic
infections were reported had preceded the development of
EBV-specific serologic studies. An oft-cited example is
the study of Isaacs (1948) in which he summarized his ex-
perience with prolonged symptomatology following infectious
mononucleosis. Of 206 patients, 53 had protracted symptoms
for 3 months or longer, and 25 of the 53 were ill for over
1 year. All 25 continued to have atypical lymphocytes but
in small numbers (1-7%), and none had persisting hetero-
phile titers above 1:64. Most patients were in their 3rd
to 5th decades of life, two-thirds were women, and fatigue
was the predominant complaint. The report is noteworthy
for its subjectivity but nonetheless presages a number of
more recent studies.
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Table III displays a summary of 10 cases reported
during the last dozen years in which persistent EBV infec-
tions were suggested. Banatlava et al. (1972) demonstrated
continued IgM-VCA antibodies for over 6 months in an
individual (Patient 1) with persisting lassitude and lymph-
adenopathy. Askinazi et al. (1976) reported recurrent
positive heterophile titers, but unremarkable EBV serolo-
gies for 4 years in another individual (Patient 2).
Purtilo et al. (1980) reported persistent transfusion-
acquired infectious mononucleosis and transient immune
deficiency in a young man. The EBV-specific serologic
studies demonstrated positive but falling EA titers for a
year. More recently, Tobi et al. (1982) described 7
patients with prolonged vague illnesses, of whom 4 had
persistent EA titers. Curiously, all 7 had positive IgM-
VCA titers, but these could not be confirmed in other
laboratories. In a subsequent report on these same
patients, Morag et al., (1982) documented elevated levels
of [2'-5']-0ligo adenylate synthetase. This is an enzyme
activated by interferon, and elevated levels have been
observed in a number of acute infections including acute
infectious mononucleosis.

There are now a number of other groups, including my
own, that are engaged in investigations of patients similar
to those of Tobi. With their permission, I have excerpted
data from a report by DuBois et al. (1984). Table IV lists
a series of findings and their frequency in 14 of DuBois'
patients. Their illnesses, like those of the patients of
both Tobi et al. (1982) and Isaacs (1948), are quite debil-
itating in the apparent absence of remarkable abnormal
findings on physical and routine laboratory examinations.
Table V summarizes the first and last serologies recorded
by DuBois for these patients. The VCA-IgM titers are
generally negative, while the VCA-IgG and EA titers are
higher than one would expect.

Elsewhere in this volume, Jones reviews selected
immunologic findings in patients that we have studied in
Washington, Tucson, and now Denver, so I won't dwell on
their observations except to state that we find moderately
abnormal EBV serologies and a series of immunologic abnor-
malities in individuals with prolonged lethargy and other
constitutional and emotional problems.
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TABLE IV. FEATURES OF 14 PATIENTS WITH CHRONIC
MONONUCLEOSIS SYNDROME

Symptom Number of Percent
Patients
Weakness and Fatigue 14 100
Fever 13 93
Myalgias, arthralgias 13 93
Depression 10 71
Recurrent pharyngitis 7 50
Lymphadenopathy 6 43
Hepatic tenderness 4 29
Splenomegaly 1 7
Lymphocytosis, atypical lymphocytes 6 43
Partial hypogammaglobulinemia 10 71
Prior infectious mononucleosis 6 43

*Modified from DuBois et al. with permission.

Studies done to date on these patients have failed to
document the kinds of EBV-associated lymphoproliferative
disorders seen in immune-deficient patients. Thus, we are
deprived of one important marker for chronic EBV disease
and are left to piece together a series of still isolated
observations. The challenge will be to develop additional
tools to confirm or refute the notion that EBV underlies
the abnormalities documented in these individuals. We have
yet to enumerate sufficiently precise criteria for diag-
nosis. We have only a few cases to suggest spontaneous
resolution of the illness, and we know nothing of the long-
term consequences of this syndrome in terms of risk for
development of lymphoproliferative malignancies or other
serious immune disorders.

There is also no real sense of how to treat these
patients. We and others have attempted steroidal and non-
steroidal anti-inflammatory agents, immunoglobulins, inter-
feron, and antiviral drugs. There are anecdotal reports of
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improvement and failures with each of these modalities. We
have initiated a placebo-controlled trial of intravenous
and oral acyclovir. There is no strong belief that this
treatment will be beneficial even transiently. Our intent
is to learn how to prospectively approach this syndrome to
facilitate later studies, should more potent EBV-inhibiting
or immunomodulatory agents become available.
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SUMMARY

Screening and disease -specific immune responses were
evaluated in patients with chronic illness and serologic evidence of
active EBV infection. CBC, differentials and sedimentation rates
were normal as were T and B cell numbers, T cell subsets, mitogen
responses and NK and mononuclear cell numbers. Circulating
immune complexes were present in 50% of patients studied. T-cell
suppression of Ig production persisted in patients. Production of
IL-2, IFN v and NK activity were diminished in patients. Whether
these latter differences are due to or result in the ongoing disease
is not understood.

INTRODUCTION

Seventy-five patients with similar, undefined but debilitating
illnesses lasting for over one year were evaluated. Symptoms
began either as classical infectious mononucleosis or as an illness
characterized by fatigue, myalgia, neuralgia, arthralgia, depression
and dyslogia with varying degrees of fever, pharyngitis and
lymphadenopathy. These latter symptoms then either persisted or
recurred multiple times in all patients. Sixty-two (83%) of the
patients (39 in Arizona and 23 in Bethesda) had serologic profiles
suggesting active EBV infection. Similar patients have been
previously described (Tobi et al., 1982; DuBois et al., 1984). The
thirteen remaining patients were EBV seronegative and/or had
alternative diagnoses, including Sjogren's syndrome, systemic lupus
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erythematosis, Mycoplasma pneumoniae infection, multiple
sclerosis and lymphoma.

Previous reports associating elevated EBV-specific antibody
titers with immune disorders and pregnancy (Fleisher et al., 1983;
Joncas et al., 1977; Lange et al., 1980; Sumaya, 1977) led to the
analysis of serological findings and immune function testing
reported here.

METHODS
Forty-four patients (18 children under 15 years of age and 26
adults) from Arizona and 31 adults followed at the NIH had been ill
for greater than one year. EBV serologies were performed by Dr.
Henle or Dr. George Ray, by reported methods (Henle et al., 1974;
Ray et al., 1982). Immune function tests included: phenotyping of
lymphoid cells by OKT and Leu series monoclonal antibodies;
surface IgM-bearing cells; E-rosette forming cells; natural killer
cells (leu 7 and morphology); mononuclear cell enumeration; HLA
and DR typing and mitogen (PHA, ConA and PWM stimulation)
(Jones et al., in press). Levels of circulating immune complexes,
serum interferon, leukocyte 2'-5' A synthetase activity, and
suppression of Ig secretion were performed as previously described
(Straus et al., in press). Induction by ConA-PMA of interleukin 2
(IL-2) and interferon y (IFN-v) and measurement of natural killer
(NK) cell activity were performed as described (Kibler et al.,
in press). Measurement of the antibody
mediating antibody dependent cell cytotoxicity was performed by

Dr. Gary Pearson (Pearson et al., 1978).

RESULTS

Clinical Findings
Table 1 depicts the symptoms of the EBV-seropositive
patients. Table 2 compares selected demographic features of the
patients and shows the remarkable similarity between groups of
patients at each center.



36

Table 1: CLINICAL FEATURES OF CHRONIC ACTIVE
EBV INFECTION

Symptom Percent of Patients
Fatigue 100
Fever 80
Allergy 75
Pharyngitis 61
Neurologic 58
Lymphadenopathy 53
Psychologic 50
Arthritis/Arthralgia 45
Myalgia 43
Weight loss 22
Rash 10
Hepatomegaly 7

Table 22 DEMOGRAPHIC FEATURES OF 62
PATIENTS WITH CHRONIC ACTIVE EBV INFECTION

Arizona NIH
Sex (M/F) 13/26 11712
Age (years) 24 (3 - 54) 35 (21 - 48)
Duration of symptoms (years) 6 (1 -38) 5.7 (1.8 - 17)
Heterophile + 10 (25%) 11 (48%)

Serological Findings

In Arizona the geometric mean titer of IgG antibodies to the
EBV capsid antigen (VCA) was 258 in patients versus 32 in age-
matched controls (30 of 33 were EBV positive) (p <0.001). The
geometric mean titer of antibodies to early antigens (EA) was 113
versus 22 in controls (p<0.001). Although serologies were
performed in 2 different laboratories, analysis of the distribution
of various serological findings (Table 3) also demonstrated striking
similarities between the patient groups. Anti-EA titers could not
be compared in detail due to the different cell lines used for assay
and differing starting dilutions. Beside the high anti-VCA and anti-
EA titers, the lack of production of anti-EBNA and antibodies
defected by the ADCC assay in 15% and 12% of all patients,
respectively, is remarkable.
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Table 3: NUMBER AND PERCENT OF 62 PATIENTS
WITH SELECTED EBV-SPECIFIC TITERS

Reciprocal

Antibody of Titers Arizona NIH Combined
IgM-VCA 10 3(8)! 5(22) 3 (13)
IgG-VCA 320 36 (92) 19 (83) 55 (88)

640 18 (46) 14 (61) 32 (52)
EA-D 10 37 (95) 9 (39) -—
EA-R 10 2 (5 18 (78) -
EA (D or R) 10 — 19 (83) -

20 39 (100) 16 (70) 55 (88)

40 36 (92) — -—
EBNA 5 8 (21)2 7 (30 15 (24)
ADCC 240 8 (22) 4 (36) 12 (33)

1 percent of patients studied
2 n=36
3 n=11

Immune Function

Phenotypic analyses demonstrated no lasting deficits among or
between the patients and normal laboratory control values. The
percentage of OKT,-positive cells in 10 NIH patients was elevated
(57.1 + 2.8% vs 42 1 1.1) whereas in Arizona the values were 46 + 7
vs 44 1+ 8, respectively. One Arizona patient had an inversion of
the T helper/suppressor ratio (0.7) during one of multiple
exacerbations. Mitogen responses were likewise normal to both B
and T cell mitogen in 32 and 13 patients tested, respectively.
Again, the same Tucson patient had diminished response to PHA
only on one occasion. No HLA or DR restriction appeared to be
present in the 21 cases examined.

Circulating immune complexes were studied by Clq and Raji
cell assays in 15 of the NIH patients. Eleven had elevated levels in
one or the other assay. Six patients had Clq levels greater than
normal (10%); these values were 12, 13, 14, 18, 19 and 24% binding
activity. Eight had elevated Ti/Ui ratios (greater than 1.0) in the
Raji cell assay; values here ranged 1.1 to 1.6. These values,
although elevated, are less than usually seen in diseases in which
circulating immune complexes are associated with clinical disease.
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Despite previous reports of high levels of circulating
interferon (IFN) in diseases with symptoms similar to those of
these patients, i.e., chronic infection and immunodeficiency states,
circulating IFN a was not present in 50 of 51 patients studied. In
one patient and in controls with acute infectious mononucleosis
(IM) levels of IFN a were detected (Table 4). The presence of 2'-5'
oligoadenylate (A) synthetase activity in cells of all 5 patients
studied, however, suggests that IFN-associated pathways may have
been active in these individuals. Since induction of 2-5 A
synthetase is not wholly dependent on IFN, this matter remains
unsettled.

Table 4: INTERFERON STUDIES
Serum IFN Levels

CAEBV Acute IM
n=>51 n=7
Positive: 1/51 Positive: 7/7
Range: 17-81 i.u./ml Range: 9-27 i.u./ml
2-5 Synthetase
CAEBV Normals
n=5 n=9
Range = 38 (26 - 54) units Range = 16 (8 - 31) units

T cell suppression of PWM induced Ig production occurs during
the acute stages of IM with asymptomatic seropositive individuals
demonstrating less than 10% suppression. T cells of eighteen of
nineteen CAEBV patients showed significant suppressive (mean t
SEM = 52 1+ 6.8%) activity suggesting active disease.

Control of EBV infection is at least in part dependent upon
lymphokine-mediated T and NK cell regulation of proliferating B
cells. Therefore we examined in vitro production of IL2 and IFN vy
as well as NK activity in 16 patients. Table 5 shows decreased
ConA-PMA induced IL-2 and IFN y production in CAEBV
patients. PHA-PMA induced production of these lymphokines was
also decreased. A strong correlation between decreased IL-2 and
IFN-y production was present (R = 0.75, p <0.001) when controls
were compared to patients.
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Table 5: MEAN (+ S.E.M.) IN VITRO IL-2
AND IFN y PRODUCTION

IL-2 units IFN vy (log U/m))

ConA/PMA ConA/PMA PHA
Patient 1.7 + 0.69(16) 32.77(13) 32.25(g)
Control 2.58 + 1.28(19)2 3575(y) 344 (15)3

1  number of subjects studied

2  significant differences between controls and patients
(p <0.001)

3  significant differences between controls and patients (p < 0.05)

NK activity was also decreased in patients versus controls
when whole mononuclear cell preparations were tested (Table 6).
The reduced responses were seen at 3 effector to target ratios and
when the data were analyzed as percent specific release or lytic
units per 10° cells. When the preparation was enriched for large
granular lymphocytes (LGL) by Percoll gradient centrifugation, NK
activity was comparable between patient and controls.

Table 6: MEAN (3 S.E.M.) NATURAL KILLER CELL ACTIVITY

CAEBV (n=11)  Controls (n = 33)!
Unfractionated 16 £+ 9.6 43 + 31.8 P <.01
Fractionated 110 + 64.7 162 + 60.7 NS

1

in lytic units per 108 cells

% SPECIFIC RELEASE

(n=11) (n = 27)
Unfractionated 10:1 18+ 8 33+ 12 P <.005
5:1 11 +6 23 +10 P <.005
25:1 614 14 +7 P< .01
Fractionated 10:1 54 + 16 61 +13 NS
5:1 41 + 16 51+¢17 NS

2.5:1 291 4 42 1+ 21 NS
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DISCUSSION
In contrast to reported findings in patients with
acute infectious mononucleosis, patients with chronic active EBV
infection had normal (or elevated) T cell subset numbers and ratios
and mitogen responses and essentially no circulating interferon. 2-
5 A synthetase activity was higher in patients than in controls, in
agreement with findings in similar patients (Morag et al., 1982).

The EBV-VCA IgG and EA titers were elevated, but 12 - 15%
of patients failed to produce antibodies to EBNA or antibody
capable of supporting ADCC activity. Whether this is a failure of
the immune system to properly control the infection or due to
variable viral gene product expression can only be speculated at
this time.

Although seemingly divergent, four apparent alterations in
immune function seen here may be linked and if so could help us
understand the pathophysiology of the illness observed in these
patients. The persistence of T cell-mediated suppression of
immunoglobulin production and decreased IL-2 and IFN- y

roduction may be attributed to the same T-cell population
Papermaster et al., 1983). Patient NK activity was restored to
normal levels when preparations enriched for large granular cells
were used; control of NK activity has also been linked to T-cell
regulation (Tarkkanen et al., 1983). Since each of these
parameters has been shown to be important in control of acute EBV
infections, their persistence adds support to antibody data that an
ongoing infection may be responsible for the symptoms displayed
by the patients.

Future studies will require longitudinal analysis of these
immune factors, virus excretion, identification of virus strain,
determination of mediators which are known to elicit these
symptoms, and evaluation of the role allergy may play in these
processes.
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Summary

Patients with common variable hypogammaglobulinemia
(CVH) often have circulating suppressor cells that
profoundly inhibit normal immunoglobulin (Ig) production
in vitro. We have examined the nature of signals
operating in the interaction between CVH-associated
suppressor cells and their targets, and explored the
possibility that lectin-like receptor molecules and their
specific sugars might contribute to the specificity of
these interactions. When D-mannose was added to
suppressed cocultures of normal PWM-activated mononuclear
cells and patient T cells a significant enhancement of Ig
production was observed. N-acetyl-D-glucosamine had a
similar enhancing effect when added to suppressed
cocultures of normal mononuclear cells and patient non-T
cells. Since D-mannose and N-acetyl-D-glucosamine did not
enhance Ig production by normal cells when cultured alone,
these sugars were interfering with the process of
suppression. 1In contrast, a number of other saccharides
had no effect on suppression. These results suggest that
selected saccharides may represent critical components in
the cellular receptors involved in suppressor cell
interactions.

Introduction

Little is known about the molecular nature of signals
operating in the interaction between suppressor cells and
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their targets. In other systems it has been shown that
specific cell surface carbohydrates may serve as
recognition and interaction structures (Shen et al., 1968;
Reisner et al., 1977; Ofek et al., 1977; Muramatsu et al.,
1979; Sharon, 1983). We have recently reported that
D-mannose and some of its derivatives can significantly
reverse inhibition of immunoglobulin production mediated
by suppressor T cells activated during the course of acute
EBV-induced infectious mononucleosis (Tosato et al.,
1983). This finding indicated that D-mannose and selected
mannose derivatives were interfering with the process of
suppression, and suggested that certain carbohydrates may
represent critical components involved in physiologic
suppressor cell interactions.

In the present study we have tested the hypothesis
that specific carbohydrate molecules might be involved in
other suppressor cell interactions, and looked at the in
vitro effects of a panel of sugars on suppression mediated
by T cells as well as non-T cells from a selected group of
patients with common variable hypogammaglobulinemia (CVH).

Patients and Methods

Mononuclear cells were obtained from peripheral
blood of normal individuals and 11 patients with CVH.
These patients were known to have circulating suppressor
cells (Waldmann et al., 1974). Selected clinical and
laboratory data relating to these patients are shown in
Table I. Of interest, patient no. 2 developed
hypogammaglobulinemia 1 year earlier, following an illness
clinically and serologically defined as acute Epstein-Barr
virus (EBV)-induced infectious mononucleosis (Henle et
al., 1974). B cell-enriched and T cell-enriched cell
subsets were obtained by incubating the mononuclear cells
with AET-sensitized sheep red blood cells and separating
the rosette forming cells on Ficoll-Hypaque gradients, as
described (Tosato et al., 1983). Normal and patient
mononuclear cells (1x106) were cultured alone in the
presence of pokeweed mitogen (PWM) or EBV. In addition,
normal mononuclear cells (0.5x106) were cultured in the
presence of PWM either alone or mixed in culture with

patient T (0.5%106) or non-T cells (0.25x106), At the end

of a 6-8 day culture period the number of immunoglobulin
(Ig) secreting cells was determined.
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TABLE I

Selected clinical and laboratory data on the patient
population

Age Sex Serum Immunoglobulin (I.U./ml) Duration of

Illness

I1gG IgA IgM (yrs)
1 37 M 23 <20 65 33
2 6 M 24 <20 <20 5
3 66 F 30 37 <20 46
4 23 M <20 <20 22 18
5 26 F 35 <20 <20 1
6 57 M <20 <10 76 40
7 39 F 22 <20 <20 1
8 50 M 22 <20 <20 27
9 61 M 25 <20 26 30
10 62 F 34 <20 58 11
11 57 F 32 <20 <20 5
Normal range 72-204 30-261 36-266

Results

Cultures of patient mononuclear cells (1x106)
produced significantly lower numbers of Ig secreting cells
than did cultures of normal cells. The geometric mean
response (x/+ S.E.M.) for the 11 patients was 111 (1.56)
Ig secreting cells in the presence of PWM, and 334 (2.25)
in the presence of EBV. Control values were 13,857 (1.13)
Ig secreting cells with PWM and 5,392 (1.14) with EBV.

Ten of the patients had circulating T cells that
profoundly inhibited Ig production by normal cocultured
mononuclear cells. Thus, while normal PWM activated
mononuclear cells (0.5x106) produced an average of 13,680
(1.14) Ig secreting cells when cultured alone, cocultures
of the same mononuclear cells with patient T cells (0.5 x
106) produced an average of 1,139 (1.72) Ig secreting
cells (91 percent suppression). This T cell inhibition
was radiosensitive, since cocultures of the normal
mononuclear cells with patient T cells irradiated with
2000 R prior to culture produced 11,272 (1.24) Ig
secreting cells.
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Addition of a variety of carbohydrates to the
suppressed cocultures, including L-rhamnose; D-galactose,
L-fucose, gentiobiose, cellobiose, N-acetyl-D-glucosamine,
mannosamine and L-mannose, had no significant effect on
the Ig-secreting cell response (data not shown). By
contrast, as shown in Fig. 1, D-mannose (25 mM final
concentration) markedly reversed T cell suppression. 1In
the same experiments, D-mannose had little or no effect on
the normal Ig secreting cell response, indicating that
this sugar was affecting the process of suppression rather
than directly stimulating the responder mononuclear cells.
Thus, similar to the results previously obtained with
infectious mononucleosis-associated suppression (Tosato et
al., 1983), D-mannose consistently reversed inhibition
mediated by CVH T cells.

J Geo. Mean X S.EM.
(10 Determinations)

Ig Secreting Cells/Culture

<1,000 . .
Media D-Mannose  Media D-Mannose
Normal MNC Patient T
+
Normal MNC

Fig 1. Reversal of CVH-associated T cell suppression by
D-mannose. Mononuclear cells (0.5x105) from 10
normal individuals were cultured alone or mixed
with T cells (0.5x106) from 10 patients with CVH,
in the presence of PWM only or PWM and
D-mannose (25 mM).



47
TABLE II

Non-T cell suppression in patients with common variable
hypogammaglobulinemia

Cultures® Ig secreting cells/culture
1. 2. 3.
Normal MNC alone 23315 11100 8190
Cocultures of normal MNC 3003 1950 40

and patient non-T cells

*Normal mononuclear cells (MNC) were cultured either alone
(0.5x106) in the presence of PWM or mixed in coculture
with patient non-T cells (0.25x106).

Three of the 11 patients (no. 1, 5 and 6) had in
their peripheral blood non-T cells capable of inhibiting
normal Ig production by over 75% (Table II). This was
associated with T cell suppression in two of these
patients. We first examined simultaneously the effects of
a panel of monosaccharides on T cell and non-T
cell-mediated suppression, both present in the same
patient. As shown in Fig. 2, both patient cell
populations, T and non-T, suppressed markedly the normal
mononuclear cell response to PWM. The addition of
D-mannose significantly reversed T cell suppression but
had no significant effect on non-T cell suppression. By
contrast, N-acetyl-D-glucosamine (25 mM) had no
significant effect on T cell mediated suppression, but
substantially reversed inhibition mediated by non-T cells.
Thus, N-acetyl-D-glucosamine appears to selectively
inhibit the process of suppression mediated by non-T
cells. This was a consistent finding in all 3 patients
who had evidence of a marked non-T cell mediated
suppression (Fig. 3). Also, since N-acetyl-D-glucosamine
had little or no effect on the normal response to PWM,
this monosaccharide most likely interferes with the
process of non-T cell suppression.
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Normal MNC + Patient T Cells

20,000 |- Normal MNC + Patient Non-T Cells

/ \

8,000 4 —
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Carbohydrate specificity of T cell and non-T cell
suppression associated with CVH patients. Normal
mononuclear cells (0.5x106) were cultured either
alone in the presence of PWM or mixed with either
T cells (O.5x106) or non-T cells (0.25x106 from a
patient with CVH. Selected monosaccharides were
added to individual cocultures at the final
concentration of 25 mM.
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20,000—

10,000

4,000

1,000
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Normal MNC Normal MNC

+
Patient Non-T Cells

Reversal of CVH-associated non-T cell suppression
by N-acetyl-D-glucosamine. Mononuclear cells
(0.5 x 10°) from 3 normal individuals were
cultured alone or mixed with non-T cells
(0.25x106) from 3 patients with CVH, in the
presence of PWM only or PWM and N-acetyl-D-
glucosamine (25 mM).
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Discussion

Common variable hypogammaglobulinemia (CVH) is an
acquired disorder of largely unknown etiology
characterized by recurrent bacterial infections and low
serum immunoglobulin levels. Recent reports have linked
certain cases of acquired hypogammaglobulinemia with
EBV-induced infectious mononucleosis (Provisor et al.,
1975; Purtilo, 1981; Greally et al., 1983). During the
acute phase of this viral illness suppressor T cells
become activated that profoundly inhibit normal Ig
production (Tosato et al., 1979). Persistence of
abnormally elevated numbers of suppressor T cells beyond
the acute disease might be responsible for the occurrence
of hypogammaglobulinemia (Tosato and Blaese, 1984). We
have recently reported that D-mannose and certain mannose
derivatives markedly reverse infectious mononucleosis-
associated T cell suppression, while a number of other
sugars do not (Tosato et al., 1983). Since D-mannose has
little or no effect on Ig production by normal
lymphocytes, we concluded that this monosaccharide was
interfering with the process of suppression.

To investigate further the nature of signals
operating in the interaction between suppressor cells and
their targets we have extended our studies to examine the
effect of sugars on T cell as well as non-T cell
suppression associated with certain patients with CVH.
Interestingly, one of the patients studied here developed
hypogammaglobulinemia following an acute viral illness
clinically and serologically diagnosed as EBV-induced
infectious mononucleosis. We have hypothesized that
selective interactions between suppressor cells and their
targets might depend upon the presence of a specific
lectin-like structure on one cell surface and a
correspondent carbohydrate molecule on the other
interacting cell. If this was the case, addition of large
quantities of a specific sugar to the suppressed cultures
should competitively saturate the lectin's binding
capacity, and could thus interfere with suppression.

One would also expect that suppression involving
different types of interacting cells would have different
sugar specificity. We have shown that D-mannose
consistently reverses T cell mediated suppression but has
no effect on suppression mediated by non-T cells. 1In
contrast, N-acetyl-D-glucosamine always markedly reversed
non-T cell mediated suppression but had no effect on T
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cell mediated suppression. These results suggest that
certain carbohydrates may represent critical components in
the receptor structures involved in suppressor cell
interactions. These findings also suggest that different
types of suppression may differ in their sugar
specificity.

It is not known what structures bear the
sugar-specific receptors. These endogenous lectins could
be located either on the target cells for suppression, or
on the suppressor cells, or possibly on the soluble
mediators they may produce.

Further study will be necessary to define the role of
saccharides in immune cell interactions, but our studies
clearly indicate that selected carbohydrates consistently
counteract specific types of suppression.
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The association of African Burkitt's lymphoma (BL) and
nasopharyngeal carcinoma (NPC) with EBV is well known.
Opportunistic EBV associated polymorphic B cell lymphoma
have also been observed in renal transplant patients (Hanto
et al., 1983) and in bone marrow transplant patients
(Starzl et al., 1984). Similar tumors in congenital or ac-
quired immunodeficiency syndromes have rarely been reported
(Saemundsen et al., 1981; Reece et al., 1981; Blanc et al.,
1984). Such tumors have also been reported very rarely in
apparently normal individuals (Hochberg et al., 1983). We
have recently seen a primary monoclonal polymorphic B cell
lymphoma of the brain in a 3 year old girl with congenital
combined immunodeficiency associated with adenosine deami-
nase deficiency, a similar lung lymphoma in a 4 year old
girl with acute lymphocytic leukemia in remission and a
primary non keratinizing squamous cell carcinoma of the
lingula in a 43 year old women, all associated with EBV.

MATERIAL AND METHODS

Serology: Serum titres of IgM and IgG antibodies to VCA
and IgG antibodies to EA (both diffuse and restricted com-
ponents) were measured by indirect immunofluorescence, as
previously described (Henle and Henle, 1966). Antibodies to
EBNA were assayed by anticomplement immunofluorescence
(Reedman and Klein, 1973). Cytomegalovirus antibodies were
measured by the complement fixation test.

Immunofluorescence for viral antigens in tissue: We
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tested for EBNA antigen on imprints and frozen sections of
biopsy or autopsy specimens by anticomplement immunofluo-
rescence with control sera known to be EBNA-positive and
EBNA-negative. The reference sera were negative for anti-
nuclear antibodies on Molt-4 cells.

Establishment of lymphoid cell lines: Bone marrow cells
or tumor cell homogenates were centrifuged on Ficoll-Hypa-
que gradients. The separated lymphocytes were grown in
suspension cultures in Falcon plastic flasks using RPMI 1640
medium supplemented with 157 foetal calf serum, penicillin
100 units/ml and gentamycin 50 ug/ml or cocultivated with
cord blood lymphocytes.

Isolation of virus: Human fibroblasts WI-38 (ATCC, CCL-
75) and HEL, another human diploid fibroblast cell strain
established in our laboratory were used to propagate cyto-
megalovirus from the urine,throat and lung biopsy. These
cells were maintained in Eagle's minimal essential medium
(MEM) with 107 foetal calf serum and antibiotics in the
concentration mentioned above. After reaching confluence,
the amount of foetal calf serum was reduced to 47. The
identification of CMV was done by anticomplement immuno-
fluorescence using a reference serum positive for CMV anti-
bodies but negative for Herpes simplex and Varicella-Zoster
antibodies on coverslips of human embryo fibroblasts in-
fected with the isolated viruses.

Cell surface and cytoplasmic immunoglobulin detection:
The detection of cytoplasmic or surface immunoglobulin was
done on acetone-fixed cells, both by direct immunofluores-
cence using Hyland fluorescein-conjugated anti-human IgM
(p-chain specific) and anti-human IgG (y-chain specific)
and anti K, anti X light chain specific antisera.

RESULTS

CASE 1

A Caucasian girl with congenital combined immunodefi-
ciency associated with adenosine deaminase deficiency died
at the age of 3 years from a monoclonal (IgM and X\ light
chain positive) primary B cell lymphoma of the brain. The
tumor was detected by CAT scan and identified by brain
biopsy. In the 9 months preceding death this child had a
primary cytomegalovirus (CMV) and Epstein-Barr virus (EBV)
infection which were confirmed by virus isolation and sero-
conversion to both viruses (Table I). These infections
were probably acquired from blood and blood products
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TABLE I - SUMMARY OF PATHOLOGICAL AND SEROLOGICAL FINDINGS

CASE 1 CASE 2 CASE 3
EBNA in TUMOR + + Unsuitable
CELLS material
EBV SEROLOGY
VCA-IgG 10 320 10,240
IgA ND 2,560
EA (D or R) <5 80(R) 1,280(D)
EBNA +5 <5 80
TYPE of TUMOR Polymorphic Polymorphic Undifferentiated
B cell B cell non keratinizing
lymphoma lymphoma squammous cell
carcinoma
CLONALITY Monoclonal Monoclonal ND
OUTCOME Death Remission Death
EBNA: Epstein-Barr virus (EBV) nuclear antigen.

VCA-IgG: EBV viral capsid antigen (Immunoglobulin G anti-

body against VCA).

EA-D/R: EBV early antigen diffuse/restricted.

ND: Not done.
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repeatedly given to this patient to correct the adenosine
deaminase deficiency and to prevent opportunistic infec-
tions. CMV was first isolated from urine 9 months before
death and then from a lung biopsy 6 months later. Serocon-
version to CMV occurred at or before the age of 2 years and
seroconversion to EBV 3 to 4 months before death. A EB nu-
clear antigen (EBNA) positive cell line was established
spontaneously from the brain tumor biopsy obtained 2 months
before death. The fresh tumor cells (imprints and frozen
sections) were also EBNA positive by anticomplement immuno-
fluorescence (ACIF). 1In addition several endothelial cells
lining blood vessels within the tumor were positive for CMV
by ACIF immunofluorescence using a CMV positive EBV negat-
ive, antinuclear antibody negative human serum. There was
no response of the tumor to Acyclovir 1500 mg/M2/day given
IV for 15 days nor to local radiotherapy both initiated 3
weeks before death. At autopsy multiple lymphomatous masses
were found in brain, lungs,liver, mesenteric and mediastinal
lymph nodes, spleen, kidney and adrenals (Fig. 1,2).
CASE 2

A 4 year-old Caucasian girl with acute lymphocytic leu-
kemia in remission developed, while on maintenance anti-leu-
kemic therapy, progressively enlarging lung infiltrates and
masses which failed to respond to antibacterial and anti-
fungal therapy. An open lung biopsy, eventually done (Fig.
3), revealed a polymorphic B cell monoclonal lymphoma ( K
light chain). The lymphoma was EBNA positive by anticomple-
ment immunofluorescence. Serology revealed a EBV-VCA anti-
body titer of 1/320, a EBV-EA titer of the restricted type
(EA-R) only, of 1/80 but no detectable EBNA antibodies.
Maintenance anti-leukemic therapy was discontinued and 2
successive courses of IV Acyclovir 1500 mg/M2/day for 15 days
at 2 month interval were given. The lung masses have de-
creased in size on X-ray and CAT Scan (Fig. 4,5).
CASE 3

A nodule measuring approximately 2 cm in diameter was
first detected in the lingula in 1978 on routine chest X-ray
of a 38 year old female nurse born in the Philippines. The
patient was a non smoker and had no contributory family or
personal past history. The nodule remained stable in size
for 2 years but then suddenly doubled in size. A needle
biopsy revealed malignant cells and extensive resections of
the left upper lobe, lingula and segments of the left lower
lobe were done. Pathological examination revealed a poorly
differentiated non keratinizing squamous cell carcinoma by
light and electron microscopy (Fig. 6,7). The
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Fig. 1: Macroscopic appearance of brain tumor at autopsy
(Case 1)

Fig. 2: Polymorphic B cell lymphoma of brain. Original
Magnification: 630X (Case 1)
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Fig. 3: Lung lymphoma (biopsy). Original magnification
630X (Case 2)

Fig. 4: Large tumor mass on Cat Scan in right lung before
therapy (Case 2)
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Fig. 5: Reduced size of tumor mass 6 weeks later, after
two, 2 week courses of Acyclovir (Case 2)

Fig. 6: Light microscopy; the tumor is characterized by a
syncytial arrangement of short spindle cells with-
out differentiation. The chromatin is stipled and
one mitotic figure is present (630X) orig. magnif.
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Fig. 7: Electron microscopy; ultrastructural examination
revealed multiple desmosomes and intracytoplasmic
bundles of intermediate tonofilaments, confirming
the squammous nature of this neoplasm (17100X)
Arrow: tonofilaments; Arrowhead: desmosomes
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patient did well for about 1 year but chest X-ray eventually
disclosed a developing mass in the remaining left lower
lobe. Surgical exploration revealed several pleural nodules
with extension to the pericardium. The pathological find-
ings were the same as those of the original tumor. Surgical
resection was followed by radiotherapy. The patient did
well for approximately 8 months but metastases were noted in
the supraclavicular nodes. These were resected and the area
subsequently irradiated. A careful surgical exploration of
the rhinopharynx failed to disclose any tumor at this site.
Within another 6 months the patient complained of abdominal
pain and a CAT scan revealed metastases in the retroperito-
neal region. Radiotherapy and chemotherapy with cyclophos-
phamide, adriamycin and vincristine were unsuccesful and

the patient died in 1983 approximately 5 years after the
first nodule had been detected in her lung. Autopsy was
refused. The EBV-VCA IgG antibody titer of 3 sera taken
over the course of approximately one year from July 1982 to
May 1983 rose from 1/2560 to 1/10240 while the corresponding
IgA titer averaged 1/2560. The EBV-EA-D titer remained sta-
ble at 1/1280 while the EBNA titer did not exceed 1/80. The
formaldehyde fixed surgical specimen unfortunately did not
allow visualization of EBNA.

DISCUSSION

The first 2 cases represent well documented examples of
EBV associated lymphomas in children with congenital and
acquired immunodeficiency respectively. Both of these
children received blood in therapy of their disease. The
occurrence of these tumors stresses the hazards of transfu-
sion in young EBV seronegative immunocompromised children.
Clinical trials of EBV-CMV hyperimmune immunoglobulin are
presently being considered for immunocompromised children to
whom blood has to be given in an attempt to prevent or mini-
mize the consequences of primary infection by these viruses
in such children. The association of EBV with the tumor in
the 3rd case is only supported by serology since suitable
tissue for specific antigen detection was not available.

The NPC like histology of the tumor however and the high
EBV-VCA IgG and IgA and high EBV-EA-D antibody titers seen
in this patient strongly suggest an association with EBV,
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LYTIC, NON-TRANSFORMING EPSTEIN-BARR VIRUS (EBV) FROM TWO

PATIENTS WITH CHRONIC ACTIVE EBV INFECTION

Carolina Alfieri, Félicia Ghibu, Jean Joncas

Department of Microbiology and Immunology,

Sainte—~Justine Hospital, Montreal, Canada

INTRODUCTION

The Epstein-Barr virus (EBV) is the causative agent
of infectious mononucleosis. EBV 1is also associated with
Burkitt's lymphoma and nasopharyngeal carcinoma, and is
implicated in other disorders such as the X-linked
lymphoproliferative syndrome (Purtilo et al., 1982).

There are two known laboratory strains of EBV
(Menezes et al., 1975; Miller et al., 1975), one desi-
gnated as the B95-8, or transforming strain, because of
its capacity to transform EBV-negative lymphocytes into
permanently established EBV-positive lymphoblastoid cell
lines. The other 1is the P3HR-1 or 1lytic strain which
does not have transforming potential, but will instead
cause lysis of cord blood lymphocytes (CBL) and growth
inhibition of Raji cells. This latter strain also has
the property of inducing the Epstein-Barr virus early
antigen (EA) in Raji cells.

All wild-type strains of EBV characterized to date
are transforming viruses capable of immortalizing CBL and
are therefore akin to the B95-8 biotype. There have, as
yet, been no reports of lytic activity associated with a
wild-type EBV 1isolate. The study reported here is a
follow-up of a case of chronic active EBV infection in an
adolescent girl and her father with persistent spleno-—
megaly, whose throat washings were unable to transform
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CBL but which contain an agent capable of inducing EA in
Raji cells.

MATERIALS AND METHODS

Patients

Blood and throat washings were obtained periodically
from our patient - and from her father, when possible -
over a period of five years. At these times the patient
also underwent a physical examination. The girl's spleen
was invariably palpable 3 to 5 cm below the left costal
margin. Recurrent proliferative 1lesions wundergoing
ulceration were frequently seen in her mouth. Other cli-
nical data pertinent to these two patients were published
elsewhere (Joncas et al., 1984). Particularly interest-
ing was the consistently low T4/T8 ratio, low NK activity
and decreased lymphocyte transformation index in response
to stimulation by mitogens. However, despite these
immunological abnormalities presumed to be acquired, the
patient and her father are not prone to opportunistic
infections and enjoy relatively normal lives.

Establishment of the Lymphoblastoid Cell Lines

Separation of mononuclear cells from whole, fresh
blood was done essentially as previously described
(Joncas et al., 1977). After separation on a Ficoll-
hypaque density gradient the mononuclear cell fraction
was washed three times in Medium RPMI-1640, aliquoted in
test tubes in volumes of 1.0 ml (106 cells/ml) with RPMI-
1640 medium containing 167% fetal calf serum (RPMI-16) and
incubated at 37°C in a CO, humidified incubator.

A second series of washed 1lymphocytes was also
aliquoted as above but the cells were sedimented and then
resuspended in 0.2 ml of a 100-fold dilution of the B95-8
strain of EBV (titre = 10* > TD509%/ml). After incubat-
ing at_37°C for one hour the volume was adjusted to 1.0
ml (106 cells/ml) with RPMI-16. Cultures were observed
twice a week at which time the medium was also changed.
The presence of growing clumps concomitant with signifi-
cant acidification of the medium indicated that the cells
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had been transformed. Once transformation was evident,
the cells were placed in flasks and fed twice a week. At
no time after transformation was the cell density allowed
to exceed 10° cells/ml.

Immunofluorescence for the Epstein-Barr Nuclear Antigen
(EBNA), the Viral Capsid Antigen (VCA) and EA

Immunofluorescent staining for EBNA was done not
only on the patient's established 1lines (with B95-8
virus) but also on her fresh leukocytes (without addition
of B95-8 virus) during the first week of culture. Smears
were made, fixed, stained and examined for anticomplement
immunofluorescence as described previously (Reedman and
Klein, 1973). Smears of the patient's cell 1line (and
that of her father) were also prepared for detection of
VCA and EA by indirect immunofluorescence (Henle and
Henle, 1966).

Cocultivation of Fresh CBL with the Patient's Cell Line

Cord blood mononuclear cells were obtained and
separated essentially as described above. Cocultivation
experiments were performed using the technique described
by Henle et al. (1967) with minor modifications: 10° male
CBL suspended in RPMI-16 were combined in a 50 ml conical
centrifuge tube with a) 10° fresh mononuclear leukocytes
from the female patient, or with b) 10° cells obtained
from her previously transformed (with B95-8 virus)
lymphoblastoid cell 1line, and spun at 300 g for 10 minu-
tes. Excess medium was removed and the cells were incu-
bated for two to 24 hours. They were then resuspended in
RPMI-16 and aliquoted in one millilitre volumes in Falcon
culture tubes at a concentration of 500,000 cells/ml.
Acidification of cultures was monitored daily and the
cells were transferred to larger containers when the cell
density exceeded 10° cells/ml.

Cytogenetic Analysis
The cocultivated cells were cultured for three

months before cytogenetic analyses were performed. This
was only possible with (b). Cocultures (a) failed to
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transform. Karyotypes of the resulting cell 1line (b)
were obtained using the C-banding technique (Summer,
1972). Presence of the male Y chromosome was confirmed
by quinacrine labelling (QFQ-banding) (Caspersson et al.,
1970).

Isolation of Virus and Induction of EA in Raji Cells by
Throat Washings and Cell Line Supernatants

Throat washings and cell 1line supernatants were
first concentrated by high speed centrifugation. They
were then resuspended in approximately 1/50 of the origi-
nal volume and 0.1 ml of this suspension was incubated
with 200,000 Raji cells in order to test for EA induc-
tion. The test was otherwise performed as described for
the P3HR-1 virus.

The efficiency of EA induction 1s expressed as EA-
inducing units/1.0 ml and is calculated by the following
formula:

% antigen-positive cells x initial
EA-inducing _ no. of cells infected Dil.
units 100 factor

Use of this formula gave a titre of 2 x 10°
EA-inducing units/ml for the control P3HR-1 virus.

Throat washings were also 1inoculated onto CBL
separated as previously described (Joncas et al., 1977)
and the cultures were observed during a two-month period
for evidence of transformation.

Standard procedures were used for isolation of
herpes simplex virus, cytomegalovirus and varicella-
zoster virus (Lennette and Schmidt, 1979), and for the
electron microscopy studies.

RESULTS

Unusual recurring ulcers were observed in the mouth
of the patient (daughter). Throat washings were
repeatedly negative for herpes simplex virus, cytomegalo-
virus and varicella-zoster virus. All throat washings
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from this patient (more than ten were tested) and from
her father failed to transform CBL.

Permanent lymphoblastoid cell 1lines were obtained
from the daughter and her father's peripheral blood, but
only by B95-8 infection of their leukocytes. 1In a total
of at least 30 trials, a cell 1line was never obtained
spontaneously. On two occasions smears were made from
short-term cultures of the daughter's leukocytes before
total loss of viability and these were stained for EBNA;
both showed EBNA positivity. The indirect immunofluores-
cence technique showed that the B95-8 induced father's
and daughter's cell lines both produced EA and VCA (Table
1). A nonenvelopped herpesvirus particle was found in
the concentrated supernatant of the daughter's cell line
obtained by in vitro transformation of her lymphocytes
with the B95-8 strain of EBV. This supernatant (as well
as that obtained from the father's cell line) failed to
transform CBL. However, when the daughter's cell line
was cocultivated with CBL obtained from a male donor, an
EBNA-positive cell line exhibiting the male karyotype was
obtained (see Table 1 for summary of studies performed on
peripheral blood leukocytes of father and daughter).

However, supernatants from father's and daughter's
cell lines were capable of inducing EA in Raji cells
(Table 1). Even more interesting was the demonstration
that seven out of fourteen of the daughter's throat
washings tested and two out of ten of the father's also
induced EA in Raji cells (Table 2).

Furthermore, when two of the daughter's seven throat
washings positive for EA induction were inoculated onto
EBV-negative peripheral blood lymphocytes, EBV antigens
(EA and/or VCA) could be detected within three days of
culture using an EBV-positive serum; the test was nega-
tive with an EBV-negative control serum. Uninoculated
lymphocytes remained negative. Finally, two of three
smears obtained from the daughter's buccal lesions were
also positive for EBV antigens by the same procedure.
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Table 2
SUMMARY OF STUDIES PERFORMED ON FATHER AND DAUGHTER OF

AFFECTED FAMILY
B. Throat washings

Throat washings

Patient/Control CBL transformation EA induction
in Raji
Father - 2/10 (1.2 x 10%)
Daughter - 7/14 (3.2 x 103)
Controls? +(5) 0/7
-(2)

INo. of samples positive/no. of samples tested
(EA-inducing units/ml)

2Five transforming throat washings from two patients with
infectious mononucleosis and two from patients with the
acquired immunodeficiency syndrome.

DISCUSSION

The literature describes two distinct biotypes of
EBV, the transforming B95-8 strain and the non-transform-
ing (lytic) P3HR-1 strain (Menezes et al., 1975; Miller
et al., 1975). These two biotypes differ at the genomic
level: hybridization experiments show that the viral
genome of P3HR-1 lacks a segment of about 3000 base pairs
in the U2-IR2 region, whose role in transformation is
still unknown (Kieff et al., 1982).

The virus present in cell lines and throat washings
of our two patients failed to transform CBL but did
induce EA in Raji cells, and may therefore be described
as P3HR-1-like. The ability of the concentrated cell
line extracts and throat washings to induce EA in Raji
cells, observed concurrently with their inability to
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transform CBL, seems to suggest that the majority of
viral particles produced are defective, exhibiting P3HR-
1-1ike properties. The presence in very small numbers of
transforming virus in the overall population cannot be
excluded. Nonetheless, because only very minute quanti-
ties of the latter may be produced, or perhaps due to an
inability of the transforming virus to bind to its target
cell, it may not be able to effectively transform unless
special conditions such as cell-cell contact are allowed
as in cocultivation experiments.

Whether the patients were originally infected with
this mutant strain or whether such a mutant appeared
subsequently cannot be determined. However, an increased
permissiveness of the host target cell, documented by the
productive properties (EA and VCA antigen-positivity) of
the B95-8 induced cell lines of these patients, may have
significantly contributed to the appearance of a mutant
virus with the properties of the P3HR-1 strain. Such
increased production of EBV, and/or its antigens, presu-
mably led to the extremely high EA and VCA antibody
titres observed. Further work is in progress to better
characterize the virus and its interaction with the host
cell.
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BRIEF COMMUNCATION

The Significance of Antibodies Against the Epstein-Barr
Virus-Specific Membrane Antigen gp 250 in Acute and

Latent EBV Infections

Wolfgang Jilg and Hans Wolf

Max-von-Pettenkofer-Institut, Munich, FRG

INTRODUCTION

The serodiagnosis of Epstein-Barr Virus (EBV) infec-
tions is based on the demonstration of antibodies against
three different antigens of EBV: the virus capsid antigen
(VCA), the EBV-related early antigen (EA), and the EBV
nuclear antigen (EBNA). Antibodies against a fourth anti-
gen complex, the membrane antigen (MA) (Qualtiere and
Pearson, 1979; North et al, 1980), are not determined
routinely becuase of the complexities of the available
assays (Klein et al, 1968). These antibodies, however,
should be of special interest as they include neutralising
antibodies, which are directed against the two closely
related EBV membrane proteins gp 350 and gp 250 (Thorley-
Lawson and Geilinger, 1980; Thorley-Lawson and Poodry,
1982). Usually, anti-EBV antibodies are detected by
indirect immunofluorescence (Henle and Henle, 1966).

With this method, however, antigen complexes rather than
single proteins are detected. In the present study, we
examined sera of EBV-infected persons for antibodies
against the membrane protein gp 250 using a radioimmuno-
precipitation assay.

METHODS

Antibodies against the membrane antigen gp 250 were
determined by immunoprecipitation of detergent extracts of
125j0dine surface-labelled P3HR1 cells. For induction of
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EBV antigens, cells were treated with phorbol-ester
(Bayliss and Wolf, 1981) three days before surface label-
ing. Iodination of cells and extraction of labelled
proteins using 0.5% NP-40 was done as described by Jilg
and Hannig (1981). To increase the sensitivity of the
assay, cell extracts were precleared with an antiserum
against EBV-negative lymphoid cells prepared in rabbits.
To reduce background activity sera were preincubated
with an extract from EBV-negative lymphoid cells (BJAB).
Immunocomplexes were isolated using protein A covalently
bound to sepharose, and analysed by SDS-page followed by
autoradiography (Jilg and Hannig, 1981).

RESULTS AND DISCUSSION

Sera of 108 patients with acute or latent EBV in-
fection or nasopharyngeal carcinoma (NPC) were examined
for antibodies against the EBV-specific membrane protein
gp 250. These antibodies were absent in most patients
with serologically proven infectious mononucleosis; in
a small number of patients, anti-gp 250 was found in
traces. They were clearly detectable in most persons a
few months after acute EBV infection (Table 1, Fig. 1).

Table 1. ANTIBODIES AGAINST GP 250 IN ACUTE, RECENT
AND PAST EBV-INFECTION

ANTI-VCA |ANTI-EBNA | TOTAL ANTI-GP 250

IGG IGM NO. NO.POS. NO.NEG. %POS.
ACUTE EBV-
INFECTION + + ) 26 2* 24 7.7*
RECENT EBV-
INFECTION +  +/D g/+ 6 2* 4 33.3%
PAST EBV-
INFECTION + i} + 52 49 3 94.0%
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Figure 1.

Examination of Patient's Sera for Antibodies Against gp
250 by Immunoprecipitation.

Three out of 49 individuals with past EBV infection
were negative for anti-gp 250; two of them showed signs
of persistent active EBV infection (1ymph node enlargement,
recurrent low-grade fever, headache, hepatosplenomegaly).
A third woman did not show any clinical symptoms, but
gave birth to a child with hepatosplenomegaly and minimal
congenital defects. Although the child's serology was
consistent with an infection during the first months of
life, an intrauterine infection can not be excluded. In
the latter case there may be a correlation between the
EBV infection, and the hepatosplenomegaly and the minimal
malformations.

0f 24 anti-VCA and anti-EBNA positive patients who
were suspected to have persistent active EBV infections
according to their clinical picture, 3 (12.5%) lacked
detectable antibodies against gp 250.

In 14 patients with NPC, anti-gp 250 could be
demonstrated in high concentrations.
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The above results suggest that anti-gp 250 is a useful
marker for past EBV infections; lack of this antibody in
the presence of other markers of EBV indicates acute EBV
infection, or may be a hint for persistent active infection.
As antibodies against gp 250 are assumed to be neutralising,
their absence may allow endogenous reinfection giving rise
to chronic persistent infection. In addition intrauterine
infection may occur under these circumstances, as may be
suggested in the case of the newborn with hepatosplenomegaly.
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EBV-ASSOCIATED MALIGNANCIES



THE EPIDEMIOLOGY OF EPSTEIN-BARR VIRUS-ASSOCIATED
MALIGNANCIES

P.H. LEVINE

Clinical Epidemiology Branch
National Cancer Institute
Bethesda, Maryland

SUMMARY

Epidemiologic studies of Epstein-Barr Virus (EBV)-
associated malignancies continue to demonstrate the
interrelationship of multiple etiologic factors, thereby
allowing several opportunities for intervention with the
disease process. For the two malignancies most closely
linked with EBV, Burkitt's lymphoma (BL) and naso-
pharyngeal carcinoma (NPC), the risk factors are more
readily identified in high-incidence areas than in
low-incidence areas. The report of an apparent decline in
BL incidence in Africa is in contrast with a reported
increase in incidence among young white males in the
United States. The search for etiologic factors in BL, in
addition to EBY and malaria, is currently focusing on
retroviruses. For NPC, evidence continues to support the
major roles of genetics and salted fish in southern
Chinese, but other etiologic factors appear to be
important in non-Chinese. In areas of low incidence for
BL and NPC, less homogeneous patterns are seen, suggesting
the inclusion of unrelated cases. Precise definition of
study groups may be aided by new laboratory assays. The
further development and utilization of cancer registry
data throughout the world will also increase our knowledge
of these diseases.

As noted in the many recent reviews concerning the
epidemiology of nasopharyngeal carcinoma (NPC)
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(Shanmugaratnam, 1982; Simons and Shanmugaratnam, 1982;
Levine and Connelly, 1985) and Burkitt's lymphoma (BL)
(Lenoir et al, 1985), the two malignancies most closely
linked with the Epstein-Barr virus (EBV), the
interrelationship among a number of etiologic co-factors
continues to be an area of active investigation. In the
context of prevention, knowledge of multiple etiologic
factors offers several approaches to intervening in the
chain of events leading to these malignancies. The lack
of agreement on disease classification has continued to
plague epidemiologic studies, however, and it is to this
problem that we and others in this symposium (Magrath,
this volume; Bale et al, this volume) will give particular
attention. The tendency to consider only tumors which
have detectable EBV genomes may be inappropriate since it
is not technically feasible to assay more than a small
percentage of neoplasms. In addition, it appears that as
more sensitive assays are developed the percentage of
apparently genome-negative cases declines. The
appropriate approach to studying the epidemiology of BL
and NPC at the present time, therefore, is to define the
disease by clinical/pathologic manifestations and to turn
to the laboratory only in specific substudies where a high
percentage of cases can be evaluated by standardized
laboratory assays.

Burkitt's Lymphoma

Definition of BL continues to be a challenging and
controversial problem. The majority of cases of BL seen
in equatorial Africa appear to be biologically different
from most cases seen in low-incidence areas, although
there is considerable overlap (Klein, 1974; Lenoir et al,
1985; Levine et al, 1982; Magrath, this volume). At the
present time, therefore, investigators should base the
diagnosis of BL on the histopathologic criteria as defined
by the World Health Organization (Berard et al, 1969).
Difficulties encountered in making the diagnosis of BL
histopathologically, even for experienced hematopatho-
logists, must be addressed in any studies of BL,
particularly in non-endemic areas. The rapid growth of
this tumor makes prompt and careful fixation of biopsy
material mandatory. The opportunity for a firm diagnosis
may be hampered by improper processing of the biopsy. A
second problem occurs in the nature of the tumor itself;
most cases have the typical morphology allowing full
agreement among experienced pathologists but some have
atypical features that require a consensus diagnosis. The
American Burkitt Lymphoma Registry (ABLR) initially
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addressed this problem by classifying the biopsies
according to the identification of typical features. The
presence of such features was found to correlate with an
elevated EBV antibody titer (Levine et al, 1972),
suggesting a correlation between histologic pattern and
EBV-association. Some investigators question whether
these minor differences among cases are biologically
meaningful (Magrath, this volume), and subsequent studies
have not used such analyses (Levine et al, 1982).
However, the addition of new tools to measure cell
maturation and other biologic properties may permit more
precise categorization of tumor types and biological
insights.

Despite the problem of classification, many
similarities can be observed between BL occurring in high-
incidence and low-incidence areas. In both, the
identification of translocations involving chromosome 8
and the identification of the myc oncogene are regularly
found (Lenoir et al, 1985). EBV genomes can be detected
in tumors from both areas, although more frequently in
high incidence areas. Thus far, no other viral footprint
has been reported for the non-EBV-associated cases. The
clinical presentation differs somewhat between high- and
low-incidence area cases (Magrath, this volume), but in
both, jaw tumors are more frequent in young children and
abdominal tumors more frequent in older patients (Burkitt,
1962; Biggar et al, 1981; Levine et al, 1982). 1In
general, there appears to be a predilection for the
disease to appear in organs which are undergoing rapid
growth. Time-space clustering has been reported in both
endemic (Pike et al, 1967) and non-endemic BL (Judson
et al, 1977; Levine et al, 1973); however the significance
of these reports are unclear since no clustering has been
noted in several studies and controversy continues over
the statistical evaluation of such clusters as well as
their biologic significance.

Among the more important recent observations relating
to African BL is the apparent decline in the disease
incidence. This observation is difficult to document
because of the absence of population-based tumor
registries in the areas of interest, but at the Lyon
conference on Burkitt's lymphoma in December 1983,
clinicians managing patients in Tanzania, Ghana and Uganda
agreed that the decline in new cases apparently exceeded
any decline that could be explained by transportation
difficulties or other logistic problems. Supporting the
validity of this observation is a trend noticed in a study
of the patient population at the Burkitt Tumor Project in
Accra, which revealed that patients were presenting at an
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Accra, which revealed that patients were presenting at an
older age and there was more abdominal and less jaw
involvement (Biggar et al, 1981). This changing pattern
was consistent with a later age of onset and perhaps a
decline in incidence. One plausible explanation for such
a trend is a decline in the incidence of malaria, a
possible cofactor for BL, perhaps due to the wider
availability of antimalarial drugs.

EBV and malaria are insufficient cofactors for BL
because of the relatively low incidence in comparison with
the ubiquity of EBV and malaria in endemic BL areas.
Although it has been 13 years since Pike and Morrow (1972)
reviewed the need to find the third etiologic factor(s)
for BL, little progress has been made in identifying what
separates the BL patient from his neighbors. Other
infectious agents that should be given further attention
are the newly discovered human retroviruses, since they
appear to be more widespread in Africa than previously
suspected and their pathogenicity has not yet been
completely defined. In one recent study, HTLV-1 was shown
to infect approximately 10% of Ghanaians and 60% of
Ugandans (Saxinger et al, 1984) whereas HTLV-III
apparently infected even a higher percentage of these
populations (Saxinger et al, submitted). Perhaps
co-infection by multiple viruses in a specific sequence is
necessary for the production of a malignancy.

Regarding the epidemiology of BL in the United
States, a finding that exemplifies the problem in dealing
with BL outside of Africa is the report of an increasing
incidence of BL in the young white male population (Levine
et al, in press). This increase has been identified in
three independent data sources: 1) the Surveillance,
Epidemiology and End Results (SEER) Program, which
monitors cancer occurrence in approximately 10% of the US
population; 2) the National Center for Health Statistics
which records mortality data on the entire US population;
and 3) the American Burkitt's Lymphoma Registry, a
voluntary reporting system. This increase is confined
only to white males and not females or non-whites of
either sex. The possibility exists that a more particular
subtype of lymphoma resembling BL is occurring selectively
in this group. The precise classification of these cases
awaits a more detailed clinical/pathologic/ laboratory
study with consistent evaluation of all suspected cases.

Nasopharyngeal carcinoma
The evidence supports a multifactorial etiology for
NPC, as with BL, and many of the specific co-factors
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suggested in the past continue to be identified in recent
studies. The strong association of EBV with
undifferentiated NPC is well documented but it is
premature to exclude EBV from having a role in well-
differentiated NPC. Some cases of well-differentiated NPC
(WHO I histologic type) have been shown to have EBV genome
in the tumor cells (Raab-Traub et al, this volume) and as
more sensitive techniques are developed, the percentage of
genome-positive well-differentiated tumors may increase.
It is quite 1ikely, however, that the individual
co-factors are not the same in every individual or group
of NPC patients. In addition to EBV, consumption of
salted fish is a prominent risk factor in Cantonese
Chinese. First suggested as an important potential
carcinogen by Ho (1972) and supported by laboratory (Huang
et al, 1978) as well as epidemiologic observations (Ho,
1972; Shanmugaratnam, 1982; Simons and Shanmugaratnam,
1982), salted fish has been found to be associated with
NPC in Malaysians with a dose-response curve emphasizing
the 1ikelihood of the significance (Armstrong et al,
1983). As reviewed recently (Levine and Connelly, 1985),
respiratory carcinogens such as smoke and soot, and
natural tumor promoters may play a role in determining the
disease pattern (Ito et al, 1981). In some groups,
particularly Cantonese Chinese, genetics may play an
important role as summarized elsewhere in this symposium
(Simons, this volume).

Several intriguing epidemiologic patterns have
emerged from studies of NPC in the United States. First,
there appears to be a decreasing incidence of NPC among
Chinese 1iving in the US. This was first reflected in
mortality data reported by Fraumeni and Mason (1974) and
is supported by recent SEER data (Levine and Connelly,
1985). There are several possible explanations,
including changes in dietary habits or other
manifestations of a different 1ife style, a greater
proportion of immigrants from Northern China, where NPC is
less common, or to an improvement in therapy. Other
findings requiring additional study are the declining
incidence in young white males (Levine et al, submitted)
and the identification of a coastal pattern for
nasopharyngeal cancer in the U.S. white population (Levine
et al, 1983) with a predominance along the southeast
Atlantic and Gulf coasts. The continued monitoring of new
cases through the SEER program will continue to add to our
understanding of the patterns and perhaps obtain
additional clues to the etiology of NPC in the US.
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As discussed elsewhere in this symposium (Simons,
1985), one of the most important areas of research is the
role of genetics, which appears to be particularly
important in the Chinese population. There are a number
of approaches to studying the role of genetics in human
cancer, however, and few of them have been systematically
applied to NPC patients. Among these approaches, recently
reviewed by Miller (in press), are studies of twins,
inbred populations and cancer families. One of these, the
“Family Study" approach, is discussed elsewhere in this
symposium. It is quite apparent that in the area of
genetics, perhaps more than any other area, the clinician
has a key role to play in uncovering clues as to the
etiology of NPC.

The development of collaborative projects among
investigators in different parts of the world, fostered by
meetings such as this one, has provided continuing
improvement in our knowledge of EBV-associated
malignancies. While particularly striking advances have
been made in the laboratory, newer techniques are also
being utilized by epidemiologists as well. Integration of
standardized laboratory assays, population-based
registries, and newly developed computer programs with
sophisticated methods of analysis provide an excellent
opportunity to define the diseases under study more
precisely, thereby leading to a greater opportunity for
progress in etiologic studies.
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GENETIC ASPECTS OF EBV-ASSOCIATED MALIGNANCIES

MALCOLM J. SIMONS

Immunogene Typing Laboratory,
Immunodiagnostic Centre,
Toorak, Victoria, Australia.

EBV is strongly associated with two malignancies, Naso-
pharyngeal carcinoma (NPC) and Burkitt's lymphoma (BL). Of
the two main aspects of genetic consideration, more
information is emerging concerning genetic mechanisms of
carcinogenesis in BL. Genetic factors responsible for excess
cancer occurence are better understood in NPC than in any
other common human cancer.

The two malignancies in which there is strong suspicion
of EBV involvement are Nasopharyngeal carcinoma (NPC) and
Burkitt's lymphoma (BL). EBV is also associated with a
variety of lymphoproliferative diseases including malignant
lymphoma but apparently not including Hodgkin's disease
(Purtilo, 1983). The program for this symposium indicates
that mechanisms and models of BL aeticlogy are to receive
close attention, as will recent developments in oncogene
molecular biology. These presentations can be expected to
deal with one of the two main aspects of genetic
consideration, namely that of genetic mechanisms of
background incidence cancer development. Since my overview
is the only one scheduled to address NPC, I will focus on
the second main aspect of genetic factors responsible for
excess NPC occurance in high risk groups.

Chromosomal aberrations are thought to play a central
role in neoplasia, allowing the generalisation that all
cancer is in one sense a genetic disease. For many cancers
there are no distinguishing cytogenetic features detectable
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at the microscopic level. In BL there are exciting
developments at the chromosomal and DNA molecular levels
using cytogenetic banding and oncogene probe technologies.
The emerging molecular description of genetic phenomena
involving oncogene activation epitomises the former aspect
of genetic consideration concerning genetic processes
underlying background cancer occurence (Klein, 1981,1983). To
date, there is no information in NPC similar to the
chromosomal rearrangements identified in BL. There is a
pressing requirement to apply cytogenetic and molecular
biological techniques to assess whether there are chromo-
somal alterations accompanying NPC and, if so, whether they
occur in either background or in excess incidence patient
populations, or both.

The epidemiological data does not suggest a major role
for genetic elements in the excess risk for BL. Rather it
seems that the excess 1incidence reflects interactive
environmental exposure events. In complete contrast, the
maintenance of high NPC incidence among Chinese is perhaps
the best example of an epidemiological pattern suggesting an
important genetic component (Simons and Shanmugaratnam,
1982). Furthermore, NPC stands alone as the only common
human malignancy in which the strong genetic effect
suspected of underlying excess incidence has been assigned
to a polymorphic gene system for which the chromosomal
localization is known.

Some introductory comments about genetics and neoplasia
may be wuseful in order to better comprehend concepts of
genetic-environment interaction, so that the evidence for
genetic effects in NPC can be better appreciated. Comments
which suggest some confusion in conceptual comprehension of
the role of genetic and environmental factors in cancer
causation include the following:

(1) the HLA gene complex comprises only a minute
fraction of the human genome so HLA genes can not be that
important;

(ii) the HLA BW46 gene is only present in Chinese, so the
genetic findings are not relevant to NPC patients of other
ethnic groups;

(iii) incidence estimates among Hawaiian and mainland USA
Chinese patients indicate a decline in US-born Chinese NPC
incidence, so environmental effects are predominant,
although genetic factors cannot be excluded;

(iv) the high NPC incidence maintained among overseas
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Asian Chinese could be due to persistence of life-style
habits rather than to genetics;

Simplistically stated, the genetics-versus-environment
notion that is so widespread is a misleading polarisation of
the two elements, implying that the roles of genetic factors
and environmental agents are, in the extreme, mutually
exclusive alternates.

There are examples that approach such extreme
situations where genetic predisposition confers risks of
1000-fold or more on the occurence of malignancies.
Retinoblastoma, squamous cell carcinoma in xeroderma
pigmentosum patients, and colon cancer in patients with
polyposis coli are disorders in which the importance of
genetic factors in the aetiology of the cancer has been
established. These and other disorders, including chromo-
somal instability syndromes which serve as models of single
disorders that predispose to malignancy, hereditary cancer
syndromes in which the occurence of neoplasia is attribut-
able to single gene effects, and primary immunodeficiencies
associated with neoplasms, fall into the very high genetic
risk category (see Mulvihill et al., 1977). Although no more
than a very small fraction of cancers appear to be the
result of such predominant genetic load, intense study of
these rarities is providing clues on the control of gene
expression that is expected to be of central importance in
an understanding of cancer (Lancet, 1984b).

The question which is central to the 'genetics and
cancer' issue is whether genetic susceptibility has a role
in the pathogenesis of commonly occurring cancers. Since
multiple case families are uncommon, and blood group marker
associations are of relatively low strength, the casual
observer could be excused for regarding genetic suscept-
ibility as relatively unimportant in cancer occurence. The
excess incidences of gallbladder carcinoma in American
Indians, hepatocellular carcinoma in African blacks, and NPC
among Southern Chinese are examples of common malignancies
in which prominent genetic elements are suspected (Doll and
Peto, 1981). Although these examples are the exception
rather than the rule, the possibility exists that among
conmon cancers there may be individuals in whom genetic
predisposition confers a risk of 5, 10 or even several
tens-fold higher than that in the general population.
However, detection of such genetic effects among individuals
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at increased risk is difficult. The wide variability in
cancer occurence even among genetically identical laboratory
animals maintained under common environmental conditions,
whereby some animals will die of cancer in middle and later
age, while others will live to old age and succumb without
evidence of malignancy, illustrates the difficulty of
discerning genetic effects even in inbred populations living
under conditions ideal for study. Even greater difficulty
can be expected in outbred humans. Nonetheless, a
relatively modest familial risk of the order of 3-fold is
consistent with the existence of a major, single gene,
genetically mediated susceptibility (Day and Simons, 1976).
Peto (1980) has also explained that unimpressive relative
risks may reflect substantial genetic proneness to disease
occurence because the relative risk in genetic susceptibles
compared with non-susceptibles will commonly be manyfold
greater than the relative risk in relatives compared with
the general population. The reasons are that:

1. since cancer patient populations include those with
sporadic disease as well as those with familial risk, not
all cancer patients are genetic susceptibles.

2. the relatives of sporadic disease patients are also
not susceptible, so for every one non-familial risk patient
there will be more than one relative falsely assigned as a
relative at risk.

3. even among the cancer patients with familial risk
there may be more than one genetic mechanism, each of which
is likely to be associated with a separate relative risk.

4. the general population includes susceptibles as well
as non-susceptibles,

The observed relative risk is thus diminished by these
four factors from the ‘'true' relative risk conferred by any
single genetic process. Assuming a unigenic familial risk,
in the situation where susceptibility is due to a recess-
ively inherited gene, the required information is that of
the risk among homozygotes relative to that among hetero-
zygotes and non-carriers. For a dominant gene the true
incidence is given by the combined risk of homozygotes and
heterozygotes divided by the risk in non-carriers.
Considering a range of frequencies of the putative disease
susceptibility 'gene', and accepting certain assumptions
concerning susceptibility, a constant increase in disease
incidence with age due to susceptibility, and a low risk in
susceptibles, the lowest incidence ratios for dominant and
recessive models corresponding to low sibling relative risk



94

have been calculated for both the dominant and recessive
models (Peto, 1980). Relative risks of the order of 3-fold
can be associated with incidence ratios as high as 10:1 to
50:1. First degree relatives of patients with several types
of cancer (lung, stomach, large intestine, uterus and
breast) have relative risks of approximately 3. 1In the case
of breast cancer, such relative risks have been interpreted
as "not indicative of a strong hereditary effect, (rather)
it is more in keeping with a polygenic mechanism, involving
the action of several genes, presumably with small effects
and accounting for only a relatively small portion of the
total variation in breast cancer" (Anderson, 1976). Rather
than revealing only small genetic variation, such low number
risks may reflect major genetic effects (Day and Simons,
1976; Peto, 1980; Tulinius et al., 1982).

Relative risks in the range of 1.5 - 2.0, which can be
associated with incidence ratios of around 10:1 and thereby
reflect substantial genetic variation, are difficult to
detect by traditional family studies. However, low number
(approx. 2-fold) relative risks can be revealed if
biomarkers exist which are disease associated and which can
therefore be used to identify individuals with increased
risk. An example which illustrates the limitations of
classical family analysis, and the usefulness of identifying
disease-associated biomarkers, is Ankylosing Spondylitis
(AS). Only when the association with HLA-B27 was established
was it possible, firstly, to demonstrate that the major
inheritence involved an autosomal dominant trait, and
secondly, to estimate the now-known penetrance of 8% in
males and 1% in females with any precision, yet the relative
risk associated with HLA-B27 in AS is very high at around
100 (Peto, 1980).

With this background information, the position in NPC
can now be evaluated. "NPC remains the most convincing
example of a human tumor associated with distinctive HLA
patterns" (Lancet, 1979). The association of the major
histocompatibility complex (MHC) HLA B locus gene, HLA-BW46,
with susceptibility to NPC confers a relative risk of
approximately 2 (Simons et al., 1978). The higher frequency
of HLA-BW46 in newly diagnosed NPC patients has been
repeatedly established in Singapore Chinese (Chan et al.,
1983a), and has been similarly shown in overseas Chinese in
Malaysia and Hong Kong (Simons et al., 1977) as well as in
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NPC patients in the Peoples Republic of China (Simons,
1981a). 1In the last NPC symposium it was reported that:
"Studies of HLA type....., have not yet revealed a pattern
useful in predicting susceptibility or response to therapy"
(Ablashi et al., 1983). However, the data in that paper
reveals the frequency of HLA-BW46 in Cantonese to be not
less than 447%, an increased frequency similar to that
observed in previous studies of Singapore, Malaysian and
other Chinese patients, and representing a relative risk of
approx. 2. Recent HLA genetic findings in NPC (Simons,
1981a; Chan et al., 1983a) indicate associations additional
to that of HLA-BW46, 1including a second B locus marker of
susceptibility (BW58). Thus there are at least two distinct
HLA patterns associated with susceptibility. There appears
to be a particularly strong association of BW58 with early
age (€30 years) of NPC onset (RR 3.8)(Chan et al., 1983a).
The patterns associated both with susceptibility to NPC
development and with survival from the disease are detailed
elsewhere (Simons, 1981a; Simons and Shanmugaratnam, 1982;
Chan et al., 1983a, 1983b).

The associations of HLA-BW46 and HLA-BW58 with NPC have
been revealed by HLA phenotyping for the allelic products of
separate loci. It is important to remember that initial
interest in searching for HLA-associated risk factors in
human cancer was prompted by the well-documented role of H2
genetics in murine leukemogenesis. The H2 associations
involved haplotypes (combinations of genes on each of the
pair of homologous chromosomes), not phenotypes, yet most
human studies have been limited to phenotypes, and most
discussion still revolves around the significance of single
gene frequency differences. The unit of inheritance is the
chromosome, not single genes. Thus, among unrelated cancer
patients, HLA-associated genetic risk can best be sought in
cancer patients by determining the frequencies of combin-
ations of antigens as haplotypes and as co-occuring
phenotypes. Where the risk can be expected to be low, as in
the background incidence populations (Caucasians, Indians),
haplotyping may well be essential for the detection of HLA
or other biomarker-associated risk. Phenotyping a few tens
of unrelated, heterogeneous patients cannot be regarded as
much more than a fishing trip, simply because the order of
magnitude of the expected risk is lower than can be detected
by the test system using the accepted, conservative,
corrective statistics.
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The two HLA B locus genes associated with a risk for
NPC are the same genes which contribute to the two
haplotypes showing the strongest linkage disequilibrium in
Chinese. It is therefore 1likely that the co-occuring
phenotypes revealed by HLA typing provide indirect
information on haplotype occurence. For example, virtually
all HLA-AW33 subjects have HLA-BW58. However, mnot all HLA-
BW58 subjects have HLA-AW33, not all HLA-BW46 individuals
are HLA-A2 positive, and even fewer HLA-A2 positive subjects
also have HLA-BW4&6. Furthermore, individuals who are
phenotypically identical at the HLA A and B loci will differ
at other loci in the D region (HLA-DR, DQ, DP) because of
recombination, so HLA phenotyping is an unsatisfactory way
of predicting haplotypes in unrelated subjects.

Family studies, which are the only satisfactory way of
determining haplotypes, have been undertaken in Singapore
Chinese NPC patients. The Singapore data indicates that the
sequence of HLA genes on the A2, BW46- bearing haplotype in
NPC may differ from that in normals (Chan and Wee, 1981;
Chan et al., 1983b). 1In normal subjects BW46 is in linkage
with DRW9. 1In NPC patients BW46 is increased in frequency,
not in conjunction with DRW9, but with an as yet undefined
DRW gene. A similar loss of linkage between the HLA genes of
a commonly occuring haplotype has also been observed in
Caucasian Cervical cancer (CaCx) patients among whom the
BW44/ DRW7 linkage appears to be lost (Simons, 1981b). These
observations suggest that a phenomenon involving loss of
linkage is not unique to NPC, and that there will be a sub-
population of only one or a few haplotypes among the common
gene marker-bearing haplotypes that will prove to be
strongly associated with NPC.

When family studies are extended to include multiple
NPC cases, in addition to providing HLA haplotype assign-
ments, information is obtained on mode(s) of genetic
inheritence. Multiple case family studies also provide
direct estimates of the full relative risk associated with
biomarkers such as HLA through haplotype similarity in
sibling/first cousin pairs of patients, avoid control group
selection problems since within family segregation provides
its own control, and avoid situations where different HLA
genes are associated with a single disease in different
ethnic groups, or where a particular gene is related to a
disease in one population but apparently not in another, by
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Information from 21 families investigated in three
separate studies (Hong Kong: 5 families - Ho, 1976;
Guangdong Province: 5 families - Ou, 1983; Kwangsi Province:
11 families - Degos et al., 1984) indicates no requirement
for 2-haplotype concordance, and hence weighs against a
simple recessive model. Since there is also no requirement
for the co-occurence of the two haplotypes bearing the HLA
genes associated with high risk in the patient population,
it is likely that each has a dominant mode of inheritance.
The occurence of haplotypes other than those showing an
association at the population 1level indicates that the
disease-genetic association involves linkage with HLA genes
present on chromosomes which are not discernible at the NPC
patient population level,

At the recent Malaysian NPC symposium the view was
repeatedly expressed that '"a proper genetic study" was
urgently needed in order to determine whether genetic risk
had a role in NPC occurence (Klein, 1983). The study of
familial risk for breast cancer in Iceland (Tulinius et al.,
1982), which is possibly the most complete application of
traditional genealogical approaches to the study of any
human cancer, was referred to as an example for human
geneticists interested in NPC to follow. As previously
stated "it is doubtful if the informational infrastructure
exists in any country where NPC 1is prevalent for an
investigation as comprehensive as that of familial breast
cancer in Iceland" (Simons and Shanmugaratnam, 1982).
Furthermore, it 1is not obvious that such a study would
contribute either to evidence for, or to an understanding
of, the genetics of excess risk NPC more than is presently
known from biomarker polymorphic genetics. In breast cancer,
family studies have provided only the information that the
highest risk marker is a positive family history. No
information on the chromosomal localisation of any cancer-
associated gene(s) can be revealed by such family studies.
In NPC, by contrast, evidence for the involvement of
chromosome 6-located HLA genes in multiple aspects of NPC
occurence has been established beyond reasonable doubt.
Also, there is preliminary evidence for the involvement of
non-HLA genes (Kirk et al., 1978). Thus, the strong genetic
element that is suspected in NPC is likely to have multiple
components, and not be simply a single genetic system. A
traditional genetic study of Chinese NPC families would be
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expected to reveal a genetic risk not less than that already
shown to be associated with the HLA and non-HLA systems, and
to provide a single, combined risk that fails to distinguish
the separate genetic components. The genetic risk attribut-
able to the HLA and non-HLA systems is already of a similar
order of magnitude to that revealed in the highest risk
subgroup (first degree relatives of premenopausal, bilateral
cancer patients). Therefore, it is more appropriate to fully
utilise existing information and to characterise the known
and suspected polymorphic biomarkers, rather than to proceed
with classical family studies as if no genetic information
was available and to rediscover the already known genetic
risk.

Carcinogenesis is a multi-stage process, so several
levels of genetic action can be expected in the total risk
attributable to genetically-determined phenomena. Animal
models of genetic susceptibility and resistance provide some
idea of the order of genetic complexity that can be
anticipated in the human situation. For example, at least
two levels of genetic resistance are recognised in Marek's
disease, one at the level of target lymphoid cells for virus
infection and transformation, and the second at the level of
host immunological responses against virus and tumour
antigens (Powell et al., 1982). While the latter level
appears to be associated with chicken MHC genes equivalent
to the human HLA gene system, the former is independant of
MHC genes. The non-MHC genetic effect acts to influence
susceptibility of T-lymphocytes to infection and transform-
ation by Marek's disease virus. There may be some similarity
with human BL in which B lymphocytes are both integral to
immune function and themselves the target of EB viral
infection. The relevant genetics is likely to involve that
of the C3d receptor, or a closely similar structure, which
serves as the EBV receptor.

One possibility for a non-MHC gene system in BL is that
of the immunoglobulin heavy and 1light chain genes as
revealed by allotypic markers. An interactive effect between
Gm and Km homozygosity and elevated antibody titres to EBV
antigens has been claimed (Biggar et al., 1984). However,
insufficient allotypes were investigated to allow discrimin-
ation between homozygotes and heterozygotes for Gm and/or Km
since, if an African population is not typed for G3m
(b4,b5,s and c¢5), it is not possible to conclude that
subjects with Gm (1,17;5,13) are homozygous, and if 50% of
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the subjects are Km(1l) positive, then about 10% have to be
Km(1+3-). Further studies are required which wutilise
reagents suitable for sufficient characterisation of the
genes present in the different ethnic populations.

There is no substantive data on immunoglobulin
allotypes in NPC. A2m allotyping may be of particular
interest in view of the regular occurence of antibody to EB
VCA of the IgA class. The IgA subclass distribution of the
anti-EBVCA antibody is not known but, if the IgA2 subclass
is involved , any distortion of the A2m(1) and A2m(2) gene
frequencies will be readily detectable in Chinese among whom
the gene frequencies are approximately 0.45 and 0.55
respectively, with corresponding phenotype frequencies for
1-1, 1-2 and 2-2 of 20-25%, 45-50% and 35-25% respectively.
Investigations of this type can be expected to identify
genetic variability additional to that associated with the
HLA complex, and to clarify the contribution of immuno-
globulin genes to the non-HLA component of inherited
susceptibility to NPC.

The knowledge of HLA and other genetic associations
with NPC can be applied to testing the role of environmental
agents suspected of inducing/precipitating the disease
process, and of testing hypotheses concerning causal
mechanisms. EBV is a prime suspect as an aetiological agent
in NPC, and in at least a proportion of BL cases. Questions
that arise are why there is a failure of maintenance of the
EBV latency state, whether a deficiency of immunoregulation
is involved, whether the advent of immune responsiveness
involving IgA antibody is an integral part of the EBV-
related carcinogenic process, and whether immunogenetic
mechanisms underlie the failure to maintain EBV genome
suppression and/or the fate of antigen-expressing activated
cells? An obvious first choice for study was the possible
association between EBV infection/immunity and HLA gene
type. Rickinson, Pope and their collegues (Rickinson et al.,
1980; Pope et al., 1983) have identified HLA restriction of
T-lymphocyte mediated cytotoxicity against EBV-specified
antigens. There is a suggestion of haplotype preferential
restriction of cytotoxicity which, if verified, may provide
crucial insights into molecular mechanisms involving
immunogene products. While most attention has been given to
the role of haplotypes it should be remembered that, at the
cell surface interface between gene products and environ-
mental agents, it is the spatial arrangement of molecules
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comprising the phenotype which 1is the functionally
relevant gene product combination. It follows that the
trans as well as the cis configurations of MHC and other
gene products as co-occuring phenotypes are the elements of
functional significance. This fact is of fundamental
importance to evolutionary considerations of polymorphism-
based genetically inherited variation underlying genetic
individuality. It is of major practical importance in
confusing the analysis of family data seeking to  detect
disease inheritance by haplotype sharing. Assays of HLA-
restricted, EBV-specific immunity exhibiting inter-allelic
preference may substantiate the primacy of co-occuring
phenotypes as phenogroups in genetic risk for disease.

NPC patients have diminished EBV-specific, T-cell
mediated immunity as revealed by deficiency of regression of
EBV transformation (Chan and Chew, 1981; Moss et al., 1983),
but accompanying HLA studies have not yet been reported.
There is a need to extend these assays of EBV-related T-cell
function to T lymphocyte helper, suppressor and prolifer-
ative assays, and combine them with genetic typing.

It should not be forgotten that most of the class I MHC
antigens in the mouse are not determined by H2 genes. An
analogous situation in the human would predict the existence
of class I molecules not encoded by the HLA A, B or C loci,
but by the human homologue of the Qa/Tla complex which is
likely to be relevant to oncogenesis and tumour immunity
(Brickell et al., 1983; Lancet, 1984a).

The response to radiotherapy and general survival
pattern of 1low incidence Caucasian and high incidence
Chinese NPC patients is quite similar, suggesting that the
difference between high and low incidence populations is
confined to the occurence of NPC and not to disease course
and prognosis. Once NPC occurs, the outcome seems to be
independant of ethnic differences in risk. Any model of the
aetiopathogenesis of excess risk for NPC susceptibility must
account for the cumulative incidence of 1.5% in Cantonese
males, and for a 2-fold 1lesser incidence in Cantonese
females and in Hokkien males compared to Cantonese males. If
EBV exposure 1is a requirement for NPC development and
infectivity approaches 100%, and since the risk already
attributable to MHC genes is of the order of 40-50% (Simons
and Shanmugaratnam, 1982), a minimum model requires only a
third component to account for the peak incidence in the
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highest incidence, Cantonese male population.

Application of the strategies considered here, with
special attention to restriction of patient heterogeneity
(Simons and Amiel, 1977; Simons, 1979; Simons and
Shanmugaratnam, 1982) and consecutive family ascertainment,
may enable the essential ecogenetic issues concerning
heritable variation in response to environmental exposures
to be clarified. Concurrent investigation of DNA restricted
fragment length polymorphisms (RFLP) in the MHC region,
which can be expected to assist in characterisation of
sero-indistinguishable HLA haplotypes, and of RFLPs
elsewhere in the genome, and search in tumour tissue for
chromosomal rearrangements by cytogenetic examination and by
use of oncogene probes , may reveal any NPC-related
molecular genetic characteristics. These approaches can be
expected to provide information on inherited or somatic
events underlying differences between familial and non-
familial disease. It is a realistic hope that there may be a
convergence of ecogenetic and molecular genetic information
towards a better understanding of the aetiopathogenesis of
NPC by the 2nd conference in 1986.
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PATHOLOGY OF EPSTEIN-BARR VIRUS (EBV)-ASSOCIATED

DISEASE (THE LYMPHATIC SYSTEM)
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SUMMARY

Morphological changes in EBV infections are
determined by the specific activity of the virus
and by the host's immune response. EBV causes a
T-cell independent polyclonal B-cell proliferat-
ion, a T-suppressor cell activation, and is able
to transform infectable B-lymphocytes.

Healthy individuals exhibit upon EBV infection a
marked hyperplasia of lymphatic B-zones with im-
munoblastic transformation and plasmacytosis. As-
sociated is a diffuse T-zone hyperplasia with in-
crease in cytotoxic T-lymphocytes. The latter with
K- and NK-cells destroy transformed cells and lim-
it the disease: infectious mononucleosis.

In T-cell deficiency, T-cell independent B-cell
proliferation progresses mimicking malignant lymph
oma. Such patterns are observed in persistent inf-
ectious mononucleosis, XLP syndrome, some trans-
plant recipients and AIDS (partly complicated by
CMV and HTLV3 organisms) .

Immune deficiency also allows atypical cells to
grow resulting in various malignant neoplasms such
as BURKITT-type tumors, KAPOSI's sarcoma etc. Also
in NPC EBV-carrying lymphocytes and immunological-
ly responding cells probably assist in EBV trans-
fection, transformation and growth of epithelial
cells.
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Figure 1. Reactive hyperplasia in an immunologic-
ally intact person (Lymph node). a) B-zone (follic-
ular; H&E, 150x); b) T-zone (paracortical; H&E,
375x); c) sinus histiocytosis (phagocytic; H&E,

150x); d) reticulo-histiocytosis (phagocytic; H&E,
150x)
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The lymphoid system allows in a unique way to cor-
relate specific stimulation and function with cyt-
ological and structural changes (Cottier et al.,
1973; Syrjdnen, 1982). Several functional units
are identified which respond with hypertrophy and
atrophy upon antigenic stimulation and toxic in-
fluences (Fig.1) The lymph node cortex hypertro-
phies in activation of the B-cell system leading
to antibody formation (follicular hyperplasia) ;
production of antibodies is accompanied by plasma
cell differentiation in the medullary cords.

The lymph node paracortex hypertrophies in activ-
ation of the T-ecell system (diffuse hyperplasia)
leading to T-cell asscciated functions (T-cell
cytotoxicity, T-cell immune regulation). Sinus
endothelia and diffusely scattered macrophages hy-
pertrophy in activation of the phagocytic system
(sinus histiocytosis, diffuse reticulo-histiocy-
tosis). Cytologic changes can be monitored by var-
ious cell marker studies (Fig.2; Table 1; Warnke
and Levy, 1981; Sesterhenn et al., 1976).

TABLE I
CELL POPULATIONS IN REACTIVE LYMPH NODES1

T-cells T4/T8 Cells B—cells2 NK—cells3

26-40 2.8-1.5 30-40 7-10

% of total mononuclear cells

2 polyclonal (SIgG 8-12, SIgM 12-17, SIgA 6-12
SIgD 4-8, SIgE 0-4%)

3 natural killer cells (Leu7 marker)

Infections will induce a balanced T- and B-cell
response (follicular and paracortical hyperplasia)
provided the functional units of the lymphatic sy-
stem are intact, and there is no additional "toxic"
influence by the infectious organism besides it's
antigenic nature.

Epstein-Barr-Virus (EBV) is a lymphotropic virus
which replicates in cells of the B-lymphocyte lin-
eage and thus exerts effects on the immune system
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Figure 2. Immune histology in reactive lymph node
hyperplasia (immune peroxidase method on frozen
sections). a) Follicular B-lymphocytes (OKB7, 240x);
b) T4-he1per cells in paracortex (OKT4, 240x);

c) Tg-Suppressor cells in paracortex (OKT8, 375x)
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in addition to it's antigenic stimulation. Some of
the effects are summarized in Table 2 (Rosen et al
1977; Fong et al., 1982; Purtilo and Sakamoto,
1981; Sonnabend et al., 1983; Epstein and Achong,
1979; Krueger, 1984).

TABLE II
EPSTEIN-BARR-VIRUS EFFECTS (DIRECT & INDIRECT)

+ Infection of B-lymphocytes - lytic, transform
ative, latent
+ Induction of antibody synthesis (as antigen)
+ Induction of cell-mediated cytotoxicity (against
EBV-infected cells)
+ T-cell independent polyclonal B-cell stimulat-
ion (as "mitogen")
T-suppressor cell activation
Induction of immune interferon
Infection or lympho/epithelial transfection
of epithelial cells (nasopharynx, salivary
glands, thymus)

+ + +

Consequently, hyperplastic changes in lymph nodes
after EBV infection are in excess of the usual
response: polyclonal B-cell stimulation causes an
advanced lympho-plasmacytoid hyperplasia; EBV-trans
formed B-lymphocytes will stimulate markedly the
T-cell defense (excessive paracortical hyperplasia).
T-cell factors may activate the phagocytic system
(reticulo-histiocytosis, epithelioid cell reaction
and eventual granuloma formation).

The balanced host response against EBV occurs in
healthy individuals with intact immune system.
Early childhood infection leads usually to silent
seroconversion without clinically or pathologic-
ally manifest disease (DeThé, 1980), but with per-
sistent latent virus. Adolescent infection causes

a self-limited lymphoproliferative syndrome and
virus persistence: Infectious mononucleosis (Fig.
3).

Lymphoproliferation of the above described pattern
can be rather extensive simulating malignant lymph
oma. Between 6-20% of blood lymphocytes in the
early phase of the disease are EBNA-positive trans-
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Figure 3. Marked paracortical hyperplasia in in-
fectious mononucleosis of an immunologically in-
tact patient. a) Lower magnification (H&E, 150x);
b) higher magnification showing many blast cells
(H&E, 375x). c) T4—he1per cells in paracortex

(OKT4, 240x); d) increased numbers of Ts-suppres—
sor/cytotoxic cells in paracortex (OKT8, 240x)
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formed cells (Klein et al., 1981; Rchkinsor ot al.,
1981; Lennert et al., 1981). Immune cytoloyic in-
vestigations always demonstrate a polyclonal lym-
phocyte proliferation (Table 3).

TABLE ITI

CELL POPULATIONS IN UNCOMPLICATED IM LYMPH NODES1

T-cells T4/T8 cells B-cells2 NK—cells3

35-45 1.1-0.9 init. 25-35 5-20
1.5=-3.1 later4

% of total mononuclear cells (5 patients)

2 bolyclonal (SIgG 8-12, SIgM 9-38, SIgA 5-21,
SIgD 5-28, SIGE 3-11%)

3 natural killer cells (Leu7 marker)

in clinically convalescents

Recovery from the self-limited lymphoproliferative
syndrome of IM is apparently dependent upon effect-
ive host defense by K-cells, NK-cells, cytotoxic
T-cells and macrophages (Henle and Henle, 1979).
Deficiency in one segment of the host's defense
will imbalance the entire reaction to EBV infect-
ion and in addition will allow superimposed infect-
ions and malignant lesions to occur. The morphol-
ogic reaction patterns in such cases can be deduc-
ced from Table 1: regular follicular hyperplasia,
which is T-helper cell controlled, will disappear.
Instead, there occurs a progressive T-cell indep-
endent polyclonal B-cell proliferation and EBV-
transformed lymphocytes persist and proliferate.
B-lymphocytes may be in 50% or more EBNA positiv
The T-zone becomes depopulated and atrophic. Total
T-cell counts are decreased and T-helper cells in
favor of T-suppressor cells are reduced. Superim-
posed infections may add inflammatory and necrotic
lesions. Eventually neoplasms develop: B-immuno-
blastic lymphomas, Kaposi's sarcoma or other. Some
of the resulting clinico-pathologic entities are
summarized in Table 4.
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Figure 4. Lymph node changes in acquired immune
deficiency syndrome (AIDS). a) Lymphadenopathy
syndrome (stage I) with marked cortical and para-
cortical hyperplasia (H&E, 68x); b) AIDS with para-
cortical atrophy (stage II) (H&E, 240x); c) diffuse
atypical polyclonal lymphoproliferation in entire
lymph node (stage III) (Giemsa, 375x); d) Kaposi's
sarcoma with mixed atypical fibro-vascular prolif-
eration (stage III) (H&E, 240x)
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TABLE IV

EBV-RELATED CLINICO-PATHOLOGIC CONDITIONS IN
IMPAIRED HOST RESPONSE

Persistent infectious mononucleosis

Acute lethal infectious mononucleosis

Hypogammaglobulinemia

Aplastic anemia and other hematopoietic def-~

iciencies

Atypical polyclonal B-cell lymphoproliferation

Malignant lymphomas (Burkitt's lymphoma, B-cell
immunoblastic lymphoma)

+ Nasopharyngeal carcinoma

+ 4+ + +

+ +

Accordingly, T-suppressor cell activity is increas-
ed in chronic persistent IM, NK-cell functions,

IL2 and interferon production are reduced (Jones

et al., 1984).

The development of structural changes in immune
deficiency and associated viral disease (including
EBV) is well documented in acquired immune defic-
iency syndrome (AIDS). Antigenic overloading, auto-
immunization by sperm antigen cross-reacting with
the host's lymphocytes, and T-helper cell lysis

by HTLV3 may initiate T-cell immune deficiency
(Sonnabend et al., 1983; Klatzman et al., 1984;
Gallo et al., 1984). Various organisms including
EBV and CMV stimulate T-cell independent polyclo-
nal B-cell proliferation. Common infectious organ-
isms in such patients indicating antigen overload-
ing are summarized in Table 5, some of their effect
in Table 6.

Lymph node changes during the disease develop from
extensive follicular and diffuse hyperplasia to
paracortical (T-zone) atrophy and diffuse polyclo-
nal lymphoplasmacytic proliferation mimicking mal-
ignant lymphoma (Figs.4 and 5) (Krueger et al.,
1983; Reichert et al., 1983; Guarda et al., 1983).
Immune cytologic investigations demonstrate more
clearly the quantitative T-cell defect with in-
Creasing B-lymphocytes (Table 7). The disturbed
T-cell immune regulation becomes clinically overt
in polyclonal hypergamma globulinemia and auto-
immune reactions, circulating immune complexes,
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Figure 5. Cell populations in lymph node of AIDS
patient (stage II and III). a) B-lymphocytes are
diffusely increased in follicular remnant and in
paracortex (OKB7, 240x); b) diffusely increased
T8-suppressor cells (OKT8, 240x); c) T4—helper

lymphocytes are markedly reduced in all regions
(OKT4, 150x)
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skin test anergy, depressed NK-cell activity, as
well as defective chemotaxis and phagocytosis
(Lane et al., 1983; Sonnabend et al., 1984; Groop-
man, 1984).

TABLE V

PERSISTENT OR ACUTE INFECTIONS IN PATIENTS WITH
LYMPHADENOPATHY SYNDROME AND AIDS

+ Epstein-Barr-Virus (EBV) 86-100%
+ Cytomegalovirus (CMV) 94-100%
+ HTLV3 62-97%

(in lymphadenopathy syndrome 50-89%)
+ Hepatitis B & A 29-52%
+ Chlamydia organisms -23%
+ Entameba coli & histolytica -18%
+ Neisseria gonorrhea -17%
+ Campylobacter-like organisms -16%
+ Treponema pallidum -15%

in addition:
Pneumocystis carinii, Herpes simplex, Candida
species, Escherichia coli

(from 268 patients at 3 centers; 86 with AIDS for
HTLV3, 190 with lymphadebopathy syndrome for
HTLV3)

A second syndrome which even more clearly demon-
strates the EBV-associated pathology in immune
deficient individuals was described by David Pur-
tilo and his group (Purtilo et al., 1977; Purtilo,
1981; Purtilo, 1984): X-linked lymphoproliferative
syndrome (XLP). This immunodeficiency syndrome is
characterized by a defective T-lymphocyte funct-
ion as summarized in Table 8 predisposing the pa-
tient to enhanced uncounteracted EBV effects.
Pathologic changes in XLP depend upon the stage
of disease and upon the degree of immune disturb-
ance including both aplastic and necrotic lesions
in lymphatic and hematopoietic tissues as well as
polyclonal lymphoproliferation as described abo-
ve ("aproliferative and proliferative syndromes").
True malignant lymphomas of B-immunoblastic type
arise late in the course of the disease (Fig.6).
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Figure 6. Lymphatic and hematopoietic tissue les-
ions in EBV-infected immunodeficient patient with
XLP syndrome. a) extensive necrosis of lymph node
(H&E, 150x); b) hematopoietic hypoplasia in bone
marrow (H&E, 150x); c) thymic atrophy (or hypo-
plasia ?) (H&E, 150x); d) diffuse polyclonal B-
lymphocyte proliferation (note a certain similar-
ity of cell composion in infectious mononucleosis)
(H&E, 240x); e) occasional B-cell immunoblastic
lymphoma (H&E, 600x)
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TABLE VII

CELL POPULATIONS IN AIDS LYMPH NODES1

Stage2 T-cells T4/T8 cells B-cells3
I 18-35 4.0-2.0 28-49
IT 9-24 4.0-0.5 35-52
ITI 6-15 0.5-0.12 48-75

%2 of total mononuclear cells

2 stage I: lymphadenopathy syndrome (15 patients)

stage II: early AIDS with opportunistic infect.)
stage III: late irreversible AIDS (10 patients
in stage II & III)

polyclonal with extensive intracytoplasmic Ig

TABLE VIII
DEFECTS OF HOST DEFENSE IN XLP (DUNCAN-SYNDR.)

Defective antibody production against EBV (EBNA)

Defective memory T-cell production

Deficient secondary immune response

(no IgM/IgG switch)

+ Deficient polyclonal Ig production by B-cells
in vitro (upon antigenic stimulation)

+ Defective leukocyte migration inhibition by
specific antigen

+ Inversion of T4/T8 ration

+ + +

Inconstant defect of NK-cell function
Thymic epitheliolysis (with secondary defect in
T-cell maturation?)

+ +

The thymus gland becomes progressively infiltrated
by plasma cells and atrophies. Of special interest
with regard to the apparent potential of EBV to
also infect epithelial cells is the observation of
Purtilo of thymic epitheliolysis in XLP (Purtilo,
1984). This concurs with a report of others (See-
mayer et al., 1984) that thymic involution with
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Figure 7. Malignant lymphoma of Burkitt's type
(EBV-positive). a) diffuse lymphoblastic prolif-
eration with nuclear-debris-macrophages ("starry
sky phenomenon") (H&E, 375x); b) monoclonal tumor-
B-cell proliferation (OKB7, 375x); c) few scatter-
ed T,-suppressor cells in lymphoma tissue (OKT8;
240x); d) loosely arranged T4—helper cells in the
tumor (OKT4; 240x)
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epithelial injury may also be seen in AIDS pat-
ients.

XLP is an extremely useful model for all pathol-
ogic conditions that may develop in EBV-infected
immunodeficient patients. The resulting clinico-
pathologic diseases essentially are those shown
in Table 4 (except for nasopharyngeal carcinoma
which has not yet been observed).

Infectious mononucleosis in the elderly and leth-
al infectious mononucleosis in defective host re-
sponse may develop similar pathologic changes in-
cluding also patients with allotransplants on im-
munosuppressive medication and patients with in-
herited immune deficiency syndromes other than

XLP (Linder and Purtilo, 1984; Reece et al., 1981;
Hanto et al., 1981). In acquired immune deficiency
syndromes, EBV infection must not be necessarily

a primary exogenous infection but rather an "en-
dogencus re-infection" or virus reactivation such
as by CMV in AIDS. Thus, in the middle European
and North American population with life-long la-
tent EBV in 85-95% essentially anybody may suc-
cumb from EBV-associated disease provided his nor-
mal T-cell controlled defense system will become
defective.

Two additional EBV-associated diseases with a dif-
ferent course must be mentioned: Burkitt's lymph-
oma (BL) and nasopharyngeal carcinoma (NPC).
Burkitt's lymphoma as compared to IM results ap-
parently from unrestricted growth of EBV-transfor-
med B-lymphocytes frozen in a certain narrow range
of differentiation. The histologic picture resemb-
les a monoclonal proliferation of such cells (Fig.
7), more than 95% of which are carrying multiple
copies of EBV-DNA in classical (African) BL (Ol-
weny et al., 1977; Geser et al., 1983). Instead of
the multicellular response to EBV in the diseases
mentioned so far, we are facing in BL a predomin-
antly monocellular response suggesting a massive
infection and the presence of large numbers of
cells susceptible to infection and transformation
(DeThé, 1980). In classical BL, this situation ap-
parently arises from the infection at young age
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Figure 8. Lymphocyte populations in biopsy of
nasopharyngeal carcinoma (NPC). a) NPC of undif-
ferentiated type with lymphoid stroma (H&E; 240x);
b) B-lymphocytes in lymphoid stroma bordering the
tumor cell nests (OKB7, 240x); c) few scattered
T8-suppressor cells in the tumor tissue (OKTS8,

240x); d) diffusely scattered T4—he1per cells in
the tumor (OKT4, 150x)
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of patients with restricted immune responsiveness
and an essentially synchronized proliferation of
infectable B-lymphocytes due to persistent anti-
genic stimulation such as by malaria parasites
(Krueger and O'Conor, 1972). Evidence for massive
infection comes from significantly elevated anti-
EBV antibody titers in young children at risk for
BL and from the multiplicity of EBV genomic inform-
ation in BL cells (Henle et al., 1979; Epstein and
Achong, 1979), evidence for the unusual persistent
stimulation of the B-lymphocyte system from the
marked hypergamma-globulinemia in malaria-infested
mice and man (Sizaret et al., 1972; Michaux, 1966).
A similar hyperimmunization of a rabbit with a
defined protein antigen is followed by a cyclic
response of massive induction of antibody synthes-
is with the respective cell proliferation and sub-
sequent phases of unresponsiveness.

Massive infection by EBV of synchronously prolif-
erating B-lymphocytes thus appears an essential
precondition in the pathogenesis of BL. Instabil-
ity of the host's chromosomes with chromosomal ab-
errations (8-14g+ translocation) another decisive
factor in BL development (Klein, 1981).

Nasopharyngeal carcinoma (NPC), finally, arises
from EBV-transformed epithelial cells in lympho-
epithelial tissues (Krueger, 1984). Squamous epi-
thelia of a certain low degree of differentiation
carry EBV-DNA and proliferate to give rise to
squamous cell carcinomas, non-keratinizing or un-
differentiated type. Characteristic of this tumor
is the close association of lymphoid cells and pro-
liferating carcinoma indicated by the traditional
term "lymphoepithelial carcinoma" (Fig.8). The tu-
mor originates in lymphoepithelial tissues of Wal-
deyer's ring, not in other similar sites like Pey-
er's patches, appendix etc., i.e. it develops ap-
parently where epithelia of the ectoderm are in
close contact with primary EBV-infected B-lympho-
cytes. The mechanism of epithelial transfection

by EBV is still hypothetical; lympho-epithelial
cell fusion or EBV receptor transfer is discussed
(Wolf et al., 1981; Volsky et al., 1980). The naso-
pharynx naturally harbors various infectious org-
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anisms including paramyxoviruses which may possib-
ly support transfection mechanisms (Krueger, 1984).
Whatever the pathogenesis of NPC, it appears that
the lymphoid system plays an important role in the
initiation and maintenance of tumor cell growth
besides possible defense mechanisms. In this re-
gard it is of special interest to note that NPC
differs to aforementioned lesions in that T-hel-
per cells are not diminished in tumor biopsies

but relatively or absolutely increased (Table 9;
Fig.8); B-lymphocytes contain to a large part IgA;
the number of NK-cells, representatives of the
host defense, varies markedly and is apparently
stage-dependent (Wustrow et al., 1981; Jondal and
Klein, 1975).

TABLE IX

CELL POPULATIONS WITHIN NPC TISSUE1

T-cells T,/Tg cells? B-cells®  NK-cells®

35-62 1.8-1.0 16-31 2-15

1 ¢ of non-tumorous mononuclear cells (32 patients

with undifferentiated carcinoma & lymphoid
stroma only)

2 6 patients
3 polyclonal (CIgG 5-10, CIgM 5-10, CIgA 54-78%)

quite variable, apparently stage-dependent

Sundar, Kamaraju and collaborators (Sundar et al.,
1983; Kamaraju et al., 1983) were able to show
that specific IgA-anti-EBV antibodies may block
the tumor-associated K-cell activity. Thus, the
typical lymphoid component of NPC may as well sup-
port tumor growth and not necessarily indicate
effective host defense.

In essence, EBV infection in man causes quite var-
iable clinico-pathologic responses reaching from
lymphopoietic and hematopoietic aplasia/hypoplasia
with immune deficiency to limited lymphoprolifer-
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ation with autoimmune phenomena as well as to
malignant cell proliferation.

Prime target for malignant transformation is the
B-lymphocyte, yet under certain conditions appar-
ently also specific epithelial cells become inf-
ected and transformed. The type of clinico-path-
ologic response developing after EBV infection

in the individual case is widely determined by
the infectious dose, by the mass of available
infectable and transformable cells, by the status
of the host's immune response, and apparently also
by certain genetic conditions. Detailed individ-
ual investigations of these parameters may pro-
vide a valuable tool to determine the outcome and
prognosis of EBV infection in a given patient.
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SUMMARY

A number of reports strongly indicate the importance of
genetics in determining the outcome of EBV infection, the
most apparent example being the X-linked recessive
lymphoproliferative syndrome. In a cancer such as
nasopharyngeal carcinoma (NPC), where genetic factors may
modify the effect of environmental influences, emphasis to
date has been placed on laboratory studies in defining the
genetic component. Since these cancers frequently occur in
areas where logistic considerations prevent application of
many laboratory assays, particular attention should be given
to utilizing epidemiologic techniques which have proven
satisfactory for other neoplasms. In this report, we
describe the "family study” approach, including the
collection, analysis and interpretation of the data. These
methods could be utilized in a hospital setting where such
patients are seen, thereby improving our knowledge of the
relative contributions of genetics and environment in the
etiology of these diseases.

INTRODUCTION

Several lines of evidence suggest that there is a
genetic component to nasopharyngeal carcinoma (NPC)
susceptibility. Demographic studies of the Southern Chinese
indicate a factor apparently determined by ethnicity (Menck
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and Henderson, 1979). HLA typing of affected and unaffected
Singapore Chinese has shown that individuals with the HLA-B
type Bwsi6 have an increased risk for the disease (Simons, et
al., 1978), and familial clustering has been reported (Nevo,
et al., 1971; Ho, 1972; Williams and de Thé, 1974;

Lanier, et al., 1979). However a simple dominant,
recessive, or X-linked model for inheritance is probably not
consistent with observed data. Some proportion of cases may
be attributable entirely to the effect of a single gene, but
probably most cases result from the interaction of a single
gene or multiple genes with environmental factors,
especially the Epstein-Barr virus, which is thought to be
etiologically important in some forms of this malignancy (de
Thé, 1980).

Carefully planned family studies are one approach to
clarifying the genetics of NPC and may be the most
practical. In this report we suggest a plan that can be
carried out in a clinic or hospital setting where NPC is
frequently seen. This approach can be used to provide
information on the relative role of genetic and
environmental factors in the etiology of this malignancy.
This "how to" proposal is divided into several sections
according to the following outline:

I. Data collection

A. Defining the disease
B. Collection of pedigrees

II. Data Analysis

A. Evaluating the contribution of genetic and
environmental factors and determining an
inheritance pattern (segregation analysis)

B. Gene mapping/identification of family members at
high risk (linkage analysis).

I. DATA COLLECTION
A. Defining the Disease
The first step in family studies must be establishment
of diagnostic criteria likely to identify all carriers of

the NPC gene (or genes). Those individuals with biopsy
proven NPC would clearly be considered to carry the gene;
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but from a geneticist's point of view it is important to
identify individuals who are genetically susceptible but who
have not developed overt disease. Such individuals may be
identified through detection of precursor lesions, relevant
laboratory markers, or other diseases and/or abnormalities
consistently associated with NPC. A constellation of any of
the above with NPC could constitute an "NPC syndrome,” which
might emerge through consistent collection of data.

For NPC, one precursor lesion that has been reported is
nasopharyngeal hyperplasia which has been noted to precede
NPC on several occasions and has been associated with
elevated IgA antibodies to EBV viral capsid antigen (VCA)
(Li, et al., 1983). Flevated IgA anti-EBV VCA antibodies
also may be part of an NPC syndrome since they have been
reported to precede the development of symptomatic NPC and
are now routinely used in studies to screen for NPC (Zeng, et
al., 1984).

Physical findings may also be markers for the NPC gene.
Most known cancer susceptibility genes have pleiotropic
effects —— the gene manifests itself by a variety of signs
and symptoms rather than just one. A striking example is
neurofibromatosis (NF), a disease which imparts only a
moderate cancer risk to affected individuals (Riccardi,
1981). 1If investigators studying this disease were to
concentrate on a single associated malignancy, such as
neurofibrosarcoma, the detection of a genetic pattern would
be very difficult because relatively few individuals with NF
develop neurofibrosarcoma. The recognition that individuals
with multiple cafb-au-lait spots and a variety of benign
tunors also carry the "neurofibrosarcoma susceptibility gene"
allows for elucidation of a clear autosomal dominant pattern.
Thus far no tumor has been consistently associated with NPC
but this may in part be due to the absence of systematic
searching for such an association. 1In addition to recording
other malignancies and non-malignant diseases in NPC
families, dysmorphic features should also be noted. The
frequency of these features must be established to be rare in
an ethnically similar control group. In a manner analogous
to neurofibromatosis, any demonstration of consistent
anomalies in affected individuals would allow for detection
of "NPC gene" carriers who are not affected with NPC.
Radiographic and laboratory studies may also be appropriate
modalities to search for non-tumor findings.
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Statistical analysis to detect an excess of second
malignancies in NPC patients may help expand the definition
of the disease. If it is known that NPC is associated with
other malignancies, it may be reasonable to include these
malignancies in the definition of the syndrome.

B. Collection of Pedigrees

A "proband” is an individual of extreme phenotype who
brings a family to the attention of an investigator. 1In
studies of NPC, a proband is a person who has the NPC
syndrome as defined by the methods in the previous section.
For studies of traits with a suspected genetic component, it
is imperative that probands are selected for participation
based on a well-defined rule of ascertainment.

A reasonable method of ascertainment for a disease with
as severe a presentation as NPC is through hospital
admissions. TFor example, such a rule might be stated as,
"Probands are defined as all individuals with the discharge
diagnosis of NPC who were admitted to Hospitals A, B and C
between the years X and Y." Alternatively, if the disease
is a reportable one and a reliable population based registry
exists, such as the Connecticut, Singapore or Hong Kong
Tumor Registries, probands could be identified from all
registered cases of NPC. The important aspect to note in
both these examples is that ascertainment of cases is
defined within a known period of time and over a known
geographic space, without respect to family history of
disease, known environmental exposures, or co—incident
physical/medical findings in the probands.

Non—adherence to an ascertainment rule may lead to the
inference of an incorrect etiologic mechanism of the disease
trait. 1In contrast to the method just proposed, consider
the "referral method.” In this situation, the clinician
sees an individual with NPC and is impressed, for example,
that the patient's father died of the disease several years
earlier. He refers this interesting case to a colleague at
the University Medical Center whom he knows has an interest
in the familial aspects of NPC. TIf this colleague collects
all of his study subjects (i.e., probands) in this manner, a
strong referral bias has been introduced into the study.

The investigator now has a series of probands who have
"interesting” family histories which are completely non-
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quantifiable. There is no definition of space and time from
which the probands were selected and no idea what proportion
of all NPC cases seen by the clinicians are being included
in the study. Such a referral bias can lead to a faulty
conclusion with respect to the genetic component of
phenotypic variance, and even of the inheritance pattern
itself.

Once probands for a study of familial disease have been
ascertained, the study extends to the proband's relatives.
We recommend a general method of pedigree collection such
that the resulting data can be restructured in a variety of
ways depending upon the specific question (segregation
pattern or evidence for genetic linkage) being addressed.
This is a modified version of the rules followed by the
Edinburgh Cytogenetics Registry.

The first step is to collect information on all first-
degree relatives (parents, offspring and siblings) of the
proband. Dates of birth and death of each person, as well
as vital status and relevant clinical information will be
needed. For any relative who is found to be affected or
have been affected by NPC or another tumor shown to be part
of the "NPC phenotype,” both the dates and methods of
diagnosis should be recorded. Information on second-degree
relatives should then be collected. These include the
aunts, uncles, nieces, nephews and grandparents on both the
maternal and paternal side of the proband. Finally,
information on first cousins should be obtained. Figure 1
diagramatically depicts the scheme for collection of data on
relatives of ascertained probands.

The critical step in constructing the pedigree for each
proband is that whenever data on any sibship is collected,
data on the whole sibship must be collected. 1In other
words, information on affected family members should not be
collected preferentially while the corresponding information
on the unaffected siblings is ignored. This helps determine
the "stopping point” in collecting family data - the point
at which full information for any sibship is not available.
Errors at this level of the data collection will strongly
bias the results of any further genetic analyses.
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Figure 1. The scheme for collection of pedigree
information. First-degree relatives include the parents,
offspring and siblings of the proband. Second-degree
relatives include the aunts, uncles, nieces, nephews and
grandparents of the proband. Third-degree relatives include
first cousins. Information about spouses (relatives of the
proband by marriage) should also be collected whenever these
individuals have produced offspring with the blood relative
of the proband.

IT. DATA ANALYSIS

A. Segregation Analysis

Segregation analysis is the technique used by
geneticists to determine the inheritance pattern of a trait
in families. In a practical sense, the resulting
information provides a useful tool for several purposes,
including genetic counseling, planning preventive and
therapeutic measures and designing further investigations
(Lalouel and Morton, 1981). Since the complex methodology
requires expertise in statistical genetics as well as a
major computer facility, the use of this important technique
by clinical investigators requires a collaborative effort
with a human population geneticist or genetic
epidemiologist. Such collaboration can be arranged through
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correspondence, an important point when attempting research
in developing regions where this type of expertise may not

be available on site.

In order to interpret the results of any segregation
analyses it is first necessary to understand the subtle
differences between the terms "familial"” and "genetic" and
how they relate to each other. The word "familial" refers
to the clustering of a trait (also called a phenotype) in a
family. For example, obesity might be a characteristic of
one family, while tall stature is a characteristic of
another. However, the observation of familiality does not
necessarily mean that the trait is caused by the effect of
genes. To be "genetic" it must be shown that the trait is
passed on from parent to child in a defined manner,
following Mendel's laws of segregation and independent
assortment (Table 1).

Table 1

MENDEL'S LAWS

Mendel's First Law — The Principle of Segregation: When a
person is formed by the union of egg
and sperm he receives corresponding
genetic materials from both parents.
These parental contributions separate
when he, in turn, produces gametes,
so that each gamete he produces
contains either the maternal or
paternal contribution of any specific
piece of genetic material.

Mendel's Second Law -The Principle of Independent
Assortment: When gametes are formed
the genetic material contributed by one
parent for several traits need not
remain together. These materials
have as much likelihood of passing into
different gametes as of passing into
the same one. (Levitan and Montague,
1977).
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Therefore, genetic traits are a subset of all familial
traits. Another subset of familial traits are those
produced solely by shared environmental exposures, such as
skin cancer in a group of family members exposed to arsenic.
A third subset is composed of those traits which result from
the interaction of genes and environment.

Geneticists often speak of single gene effects. A
single gene for our purposes is one which acts in a purely
Mendelian manner. In other words, the phenotype controlled
by such a gene is virtually immune to the effects of other
genes or of the environment. Single genes follow one of
several patterns of inheritance, including autosomal
dominant, autosomal recessive, X-linked dominant and X-
linked recessive. Achondroplastic dwarfism is an example of
a dominant disease; phenylketonuria is autosomal recessive.
The X-linked lymphoproliferative syndrome, as described by
Purtilo, et al. (1975), follows an X-linked recessive
pattern while incontinentia pigmenti is thought to be X-
linked dominant.

Several non—-Mendelian patterns of inheritance can also
be recognized. Some traits are controlled by several genes,
each having a small additive effect. An example of such a
polygenic trait is height. Multifactorial traits owe their
expression to the effects of both polygenes and
environmental influences. Intelligence is believed to be an
example of multifactorial inheritance. Recently, a "mixed”
model (Morton, 1974; Morton and MacLean, 1974; Morton et
al., 1983), which involves the effects of a single major
gene and contributions from both polygenes and environmental
factors, has been hypothesized as the etiology of some human
traits. The familiality of blood pressure and cholesterol
levels may be explained by the mixed model of inheritance.

Traits whose familiality are due only to environmental
exposures follow a sporadic pattern. This means only that
there is no genetic influence on the resulting phenotype,
and that the observed clustering of the trait in a family
would disappear if the responsible environmental pressure
were removed.

With this background, it is now possible to discuss
segregation analysis in NPC, with the aim being to determine
if the observation of familiality is the result of genetic
factors alone, environmental factors alone, or a combination
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of the two.

NPC does not appear to be due to a fully penetrant
Mendelian-acting single gene. (A fully penetrant gene is
one which always causes a visible effect when present in an
individual.) However, as we have seen, this in no way
precludes further investigation into the familial aspect of
the disease. For example, one may consider that the NPC
phenotype in an individual is due to a "susceptibility"” gene
or genes. If this is the case, a person would inherit a
liability to develop NPC, an idea somewhat distinct from the
idea of an "NPC gene."” This liability could be measured as
the amount of susceptibility to the disease, which, in turn,
could be related either to the number of polygenes he has
inherited, or to the strength of the particular single gene.
One can evaluate the relative effects of the genetic
component (the liability) and the environmental component
with respect to the expression of NPC in an individual.

The results of segregation analysis can allow one to
determine the most probable pattern of NPC inheritance;
either one of the Mendelian models, one of the non-Mendelian
models or the sporadic model. The analysis can be carried
out on nuclear families (first degree relatives of the
proband) or on extended pedigrees.

Another method, known as path analysis (Wright, 1920;
Li, 1977; Rao, et al., 1984), can evaluate the relationship
between a particular exposure variable (such as EBV
infection) and a genetic component to the outcome of
disease. This procedure is only applied to two-generation
nuclear families (the affected individual, his siblings and
parents). Each of these results can help investigators
provide appropriate counseling and focus preventive and
treatment measures correctly.

B. Linkage Analysis

Linkage analysis is a method of gene mapping based on
observations of the disease status of family members along
with knowledge of each individual's type with respect to
many polymorphic marker loci (i.e., red cell types, plasma
protein types, red cell enzyme types) (Conneally and Rivas,
1980). More specifically, the relative position of two
genes, one perhaps with a known chromosomal location, is
determined by observing how often they are transmitted
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Figure 2a shows an actual family in which all children
affected with retinoblastoma inherited the disease gene and
the esterase D type 2 (ESD 2) gene from the affected parent.
All unaffected children inherited the non-disease gene and
the ESD 1 gene from the affected parent. In both cases the
unaffected parent contributed a non-disease gene and an ESD
1 gene.

Figure 2b shows the expected outcome if there were no
linkage. The ESD and retinoblastoma genes assort
independently in this fictitious family.
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together from parent to child. TIf two genes are linked then
the segregation ratios predicted by Meundel's laws are
distorted. 1In other words, the principle of independent
assortment will not hold true for linked genes. One example
of such distortion is seen in families where retinoblastoma
occurs. All affected children receive the same esterase-D
allele from their affected parent and all unaffected children
receive a different esterase-D allele (Figure 2a) (Sparkes, et
al., 1983). 1In the absence of linkage, these genes would
assort independently and no correlation between esterase-D
type and retinoblastoma affection would be expected (Figure
2b). Results of linkage analysis are reported as lod scores,
which indicate the strength of the evidence for linkage, and
"theta" values, which represent a measure of the distance
between the two genes.

The concepts of linkage and association are often
confused. Association always refers to a relationship in
the general population between specific observable traits
which may or may not be genetic. For example, there is an
association between nasopharyngeal carcinoma and the HLA-B
type Bw46 (Simons, et al., 1978). This does not necessarily
mean that there is an NPC gene located on the same
chromosome as the HLA gene, but it may indicate that for
some physiologic reason, perhaps an unusual response to the
ubiquitous EBV, those individuals who have HLA type Bw46 are
more prone to develop nasopharyngeal carcinoma. Another
example of association is HLA-B27 and ankylosing
spondylitis. Relative risk is often used as a measure of
association (Rosenberg and Kidd, 1977).

Knowledge of linkage between the NPC gene and a known
genetic marker would be useful practically in allowing for
detection of those family members who are at high risk but
are unaffected at the time of examination. Detection of
linkage could also confirm an inheritance pattern suggested
by segregation analysis and set the stage for isolation of
the susceptibility gene itself. Unlike segregation
analysis, this type of study can be performed with families
not collected according to stringent rules. Prior knowledge
of the inheritance pattern is required, however, and this
must derive from the segregation analysis of appropriately
collected families. Data collection involves determining
which family members are affected and which are not and then
defining the phenotypes of each individual with respect to a
panel of known markers (including blood types, biochemical
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markers, and DNA polymorphisms). Analysis is virtually
always performed by a computer program which tests for
cosegregation of the disease gene with each genetic marker.
Since linkage analysis is a statistical test, larger and
multigenerational families tend to give significant results
more often.

Problems with this methodology include the requirement
for access to appropriate laboratory facilities, the high
cost of marker studies, and the need for a high speed
computer and some expertise in statistical genetics. The
fact that HLA data has been collected on NPC patients in the
past suggests that the first two obstacles can be
surmounted. Collaboration with a statistical geneticist
would obviate the latter problem.

CONCLUSION

Genetic studies can and should be designed and carried
out by clinicians doing research in disease endemic
geographic areas, although it is essential that
investigators understand the biases introduced into the data
by following irregular schemes of ascertainment. The actual
procedures of segregation, path and linkage analysis will,
however, require collaboration with an individual trained in
the methods of statistical genetics as well as sufficient
computer support. Well designed and executed studies of
this type will contribute much toward the understanding of
the genetic component of EBV-related malignancies.
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SUMMARY

This is a case report of a 57-year-old Alaskan Native
woman diagnosed with malignant lymphoepithelial lesion
of the parotid gland. Extensive morphologic studies
documented that the lesion was epithelial with a
predominantly T-cell lymphocytic infiltrate. Tests for
EBV demonstrated the tumor was positive for EBNA and EBV
DNA, while adjacent non-malignant tissue was negative.
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Eskimos of Alaska, Canada, and Greenland are at
increased risk for cancers of both the nasopharynx and
salivary gland (Lanier et al, 1980; Nielsen et al, 1977,
1978; Wallace et al, 1963; Mallen and Shandro, 1974).
The excess risk of salivary gland cancer has been found
to be largely due to the occurrence of unusual tumors
classified as malignant lymphoepithelial lesions (Wallace
et al, 1963; Arthaud, 1972; Nielsen et al, 1977). These
malignant lymphoepithelial lesions (MLEL) are
characterized by islands of anaplastic cells in a dense
lymphocytic background.

Although the majority of tumors of this type have
been reported to date among Eskimos, there have also been
reports of malignant lymphoepithelial lesions in
Caucasians and Blacks of Europe and America, and most
recently, Japanese and Chinese (Ferlito and Donati, 1977;
Gravanis and Giansanti, 1970; Nagao et al 1983; Redondo
et al, 1981; Dong and Lo, 1983).

In Alaska during the time period 1966 through 1980,
16 Alaskan Natives (Eskimos, Indians and Aleuts)
developed malignant tumors of the major salivary glands.
The observed to expected ratio (based on U.S. white
rates) was significantly high (4.7) in females and high
(1.7), but not significantly high, in males.
Approximately twice as many females as males developed
the cancers. The age range was 17 to 70, however, all
but one salivary gland cancer patient was diagnosed under
age 60. Twelve of the 16 salivary gland cancers were
MLEL. To date, tumor tissues from Eskimo patients with
MLEL, (two from Alaska and one from Greenland) have been
reported to be positive for EBV by DNA hybridization
techniques (Lanier et. al, 1981; Saemundsen et. al.,
1982).

The presentation in January, 1983, of a 57-year-old
Alaskan Native woman with a salivary gland tumor which
was classified as a malignant lymphoepithelial 1lesion,
provided an opportunity to study the tumor for EBV and
morphologic characteristics, and to evaluate the patient
for evidence of autoimmune disease, such as primary and
secondary Sjogren's syndrome.

Histologically the 1.5 cm tumor included islands of
neoplastic cells within a dense lymphocytic background
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diagnostic of MLEL. The key features of the tumor
islands include the increased nucleo-cytoplasmic ratio,
the increased mitotic rate, and a relative lack of
differentiation. On the periphery of the tumor were
areas that morphologically resembled benign
lymphoepithelial lesions.

Multiple nasopharyngeal biopsies were negative. On
immunocytochemistry, the neoplastic c¢ells reacted with
anticytokeratin antibodies; and the lymphocytic
infiltrate reacted to antibodies of both pan-T-cell and
pan B-cell specificities, but. with a T-cell
predominance. Additional staining indicated that
suppressor T-cells predominated over helper T-cells. On
electron microscopy the neoplastic cells showed evidence
of epidermoid differentiation, including basement
membranes and desmosomes.

EBV studies included touch prints for FEBNA by
immunofluorescence, as well as for EBV DNA by
hybridization of extracted DNA. The patients tumor
tissue was positive for both EBNA and EBV DNA, while
tissue from the same patient, namely adjacent
non-neoplastic parotid gland and ipsilateral normal
submandibular gland were negative for EBNA and EBV DNA.
The patient's cervical node was also negative for EBNA.
In addition, 6 pleomorphic adenomas, a benign
lymphoepithelial lesion of the parotid gland, and normal
salivary gland tissues from 7 other patients tested were
negative for EBNA and EBRV DNA. All EBV DNA
hybridizations described above were tested simultaneously
and only the patient's tumor tissue was positive.

The patient's serum was tested for EBV antibodies on
3 separate samples (Table 1) Except for the presence of
IgA anti-VCA antibodies in 2 of the 3 samples, the
results show evidence of past primary infection and are
not typical of the serological pattern of NPC or
Burkitt's lymphoma.

As indicated, the patient did have a nonspecific
anti-nuclear antibody when serum was tested on an
EBV-negative cell line. Serum was also positive (2+) for
ANA when tested on a Hep-2 cell line, but did not react
with calf thymus or human spleen extracts. Antibodies to
Sjogren's syndrome antigens (SS-A and SS-B) were not
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detected. Clinically, the patient described a 1l-year
history of episodes of arthritis, but was rheumatoid
factor negative and had no objective signs of arthritis
at the time of her tumor.

The patient was treated with excision of the tumor
followed by irradiation and was well without evidence of
tumor 9 months following excision.

Evaluation of this patient and tumor confirms that
this neoplasm was a primary salivary gland lesion and not
metastatic from the nasopharynx. Histologically, it fits
the classification of MLEL most frequently described in
Eskimos. The neoplastic cells were poorly
differentiated epidermoid. The lymphocytic infiltrate
was polyclonal and not monoclonal and predominantly
T-cells not B-cells. EBV studies of the tumor were
positive, although the EBV picture serologically was not
remarkable.

This report, plus the 3 previous EBV-positive MLEL
case reports in the literature, suggest that salivary
gland tumors that fit the classification of MLEL, may
deserve inclusion in the 1list of EBV-associated
malignancies.
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INTRODUCTION

Undifferentiated carcinomas of the nasopharynx (or NPC)
represent a major cancer killer for more than 200 million
people in South China, as well as in large areas of the
South East Asia, North and East Africa and in Eskimo
populations. This cancer is closely associated with the
ubiquitous Epstein Barr herpes virus. In contrast with the
situation observed in Burkitt's Lymphoma, the association
between EBV and NPC is constant in every part of the world
where NPC is observed, and unrelated to its level of
incidence. Such an association, most probably causative in
nature, has recently been reviewed (de-Thé, 1982,1984).

Following the observation of Wara, W.M. et al in

1975, that NPC patients had high level of IgA antibodies,
Henle and Henle (1976) and Desgranges and de-Thé (1978)

showed that such IgA were directed against VCA and EA and
were regularly observed in NPC patients from Chinese, Arabic
and Caucasian origins, but absent in patients with other

ENT tumor. These data urged us to use the IgA/VCA test for
early detection of this tumor in the endemic areas of South
China (Zeng et al, 1979, 1980, 1982). We shall review first
these population surveys, then discuss the pre-NPC conditions
associated with rising titers of IgA.
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The interplay between an ubiquitous EB Virus and
nasopharyngeal carcinoma stresses the need for other
environmental factors, possibly related to life-style, and
to the reactivation of EBV.

I - EARLY DETECTION OF NPC IN HIGH RISK POPULATIONS
OF SOUTH CHINA

A. 1978-1980 : Survey in Zang-Wu County

A major survey was implemented in 1978, in a rural
area of the Eastern part of the Guang-Xi autonomous region

(Zeng et al, 1979, 1980). The County of Zang-Wu comprises
15 communes with a total population of 450.000. Starting in
1978, individuals aged 30 and above, were registered and a
small amount of blood was collected. The sera were tested
for IgA/VCA antibodies by the immunoenzymatic test (see
Zeng et al, 1980). As seen in table 1, a total of 148 029
persons were thus screened and 3. 533 were found to have
IgA/VCA antibodies. The positive sera were then titered and
13 7 showed titer superior or equal to 80, representing
460 individuals. All the 3 533 IgA/VCA positive persons,
were then clinically examined, and 55 NPC patients
uncovered. The clinical stages at which the patients were
recognized are given in table 1, where it can be seen that
the majority were at stage 2 and 3 of the disease.

The clinical follow-up of the IgA positive individuals
for 1 to 3 years led to the diagnosis of another 32 cases.
The distribution of these cases according to stages, was
not dramatically different from that of the main survey
although there was a shift to early ages of detection (see
table 1).

B. Wu-Zhou City

The City of Wu-Zhou, located in the centre of the
Zang-Wu County, with a population of 170.000, was an ideal
place to try and implement an early detection of NPC with
a systematic survey and follow-up of the town dwellers,
Previous cancer registration in the town of Wu-Zhou, showed
that the mean annual incidence of NPC was around 17 to 20
per 100 000. As seen in table 2, survey of nearly 21 000
individuals aged 40 and above in Wu-Zhou, showed that
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1 136 (5.5%7) persons had IgA/VCA antibodies. Clinical
examination of this later group allowed the detection of
31 cases of NPC, the clinical stages being given in table
2. It is remarkable to see that in this survey of the
Wu-Zhou City, the proportion of stage 1 and 2 represented
907 of the tumor detected. This was due to the fact that
clinical detection of the tumor had been efficient since
a few years in this town. The prevalence rate of NPC in
the surveyed population thus reached 150/100 000, a very
high figure if one considers that patients at stage 3 and
4 of the disease present in hospitals were not included.

A serological survey, carried out in a chemical
factory, detected more NPC than expected. As seen in table
2, 216 individuals were tested in this factory and 22 or
(10%Z) were found IgA/VCA positive. Among those, 3 were
discovered having NPC. Although this may be due to chance,
an experimental investigation of the chemicals handled
in this factory has been implemented.

C. Laucheng County

Situated in a Northern part of the Guang-Xi autonomous
region, Laucheng County is inhabited by two sub-language
groups, namely the Molaos and the Hans. As seen in table 3,
the survey of 15.324 individuals from the Molaos minority
gave a prevalence of 17 IgA/VCA positive (151 persons) and
7 cases of NPC were detected. In the Han majority, 0.67 of
the surveyed population had IgA/VCA antibodies and 6 cases
of NPC were detected (Tao et al, in press).

D. IgA/EA Antibodies represent a better test
for early detection of NPC

Whereas immunofluorescent (Desgranges and de Thé,1978)
and immunoenzymatic tests (Laboratory of Cancer Institute,
1978) detected IgA/EA antibodies in about 70% to 75% of
NPC patients, the immuno-autoradiographic test developed
by Zenget al, 1983 (using 125 I-labelled antihuman IgA
antibodies) detected IgA/EA antibodies in 967 of NPC
patients with a GMT titer of 1:97. Using this later test,
patients with chronic inflammation of the nasopharynx,
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had IgA/EA antibodies in 22% of the cases with a GMT titer
of 1:9. Patients with malignant tumors other than NPC were
positive in 47 of the cases with a GMT titer of 1:5. All
normal individuals were found negative.

Table 4 gives the comparative results of both the
IgA/VCA and IgA/EA tests in detecting NPC in Wu-Zhou City
and Launcheng County. It can be seen that 30 to 437 of
individuals with IgA EA antibodies have a detectable NPC.

Such test, sensitive and specific, could replace the
IgA/VCA test for the early detection of NPC, since the
background noise of IgA/EA in non NPC individuals is very
low. Furthermore, IgA/EA test will be most instrumental
for detecting and investigating pre-NPC conditions (see
below).

E. AN ELISA TEST USING MONOCLONAL ANTIBODIES HAS BEEN
RECENTLY DEVELOPED (Pi et al, submitted for publication)

Such a test, which has nearly the same sensibility and
a better specificity for IgA/VCA and IgA/EA than the
immunoenzymatic and immunoautoradiographical testsand
which is best adapted to field conditions, should ease the
implementation of population seroepidemiological surveys,
in large areas of South-East Asia, where this cancer is a
main killer.

II- IGA RELATED PRE NPC CONDITIONS

It appears as if the presence of IgA antibody to VCA
and to EA represents pre NPC conditions (de-Thé, Zeng et
al, 1983). In order to see whether the presence of IgA
antibodies corresponded to a specific viral activity in
nasopharyngeal mucosa, 56 individuals with IgA/VCA anti-
bodies for more than 18 months, were clinically examined
and biopsied. Four NPC cases were found (two at early stages
of the disease) and further 14 individuals had detectable
EBV/DNA sequences and/or EBNA antigen in their nasopharyn-
gezl mucosa without histopathological nor clinical evidence
of NPC (Desgranges et al, 1982), As it was not possible to
take nasopharyngeal biopsies from normal individuals
lacking IgA/VCA antibodies, exfoliated cells collected
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from the nasopharynx (using a negative pressure apparatus
developped by Zhangjiang Medical College in 1976) in 62
IgA/VCA antibody positive and 39 IgA/VCA antibody negative
individuals were tested for the presence of EBV/DNA
sequences by spot followed by blot-hybridization
(Desgranges et al, 1983). As seen in table 5, 13 of the

62 IgA/VCA positive specimen (21%), and 6 out of the 39
IgA negative specimen (15.47), were found to contain
EBV/DNA sequences. Among those, 20 IgA/VCA antibody
positive and 26 IgA/VCA antibody negative individuals

were followed a year later. Their exfoliated cells from
the nasopharynx were again collected, and tested for the
presence of EBV/DNA sequences. Three out of seven
individuals who showed a year previously EBV/DNA sequence
in exfoliated nasopharyngeal cells, failed to do so a year
later. In parallel, 2 out of 15 EBV/DNA negative exfoliated
cells became EBV/DNA positive a year later. Such results
suggest that the presence of EBV/DNA sequences in the
nasopharynx, and the presence of IgA/VCA or IgA/EA anti-
bodies in the serum, are not directly related. Unfortuna-
tely, the cell type harbouring the EBV/DNA could not be
characterized in these studies. In situ, hybridizations
made by A.Wolf et al (unplublished) on a few samples from
IgA/VCA positive individuals suggested that the EBV/DNA
positive cells were of epithelial nature.

Using an anticomplement immunoenzymatic method (ACIE),
for the detection of EBNA (Shen et al, 1983), exfoliated
cells from the nasopharynx obtained from positive and
negative IgA/VCA individuals were tested by this anticomple-
ment immunoenzymatic test. As seen in table 5, 347 of
IgA/VCA positive and 207 of IgA/VCA negative individuals
has detectable EBNA in cells which were considered as
epithelial. Thus the virus seems to be present in normal
conditionsin nasopharyngeal mucosa. The development of
IgA/VCA antibodies must reflect a critical difference in
the local immune response against the EB viral infection.
In fact, IgG/EA antibodies are usually present in IgA/VCA
positive individuals, thus reflecting a reactivation of the
virus. That such reactivation takes place in the nasopharynx
is highly probable, but not yet established, nor the fact
that it precedes and not succeeds subclinical development
of NPC.



158

SUOTIENIONI] v e
9SB9ID9P 10 3SEBIIDUT PIOF # a4

Sl
46°€ AR AN 417 L
(44 91 18

ov 4V VOA/V3I
Jo mGO._.”um.mHm> a2uT1o9Qq v 9SB9a0Uu]l

S2TPOqTIUY VOA/ V3L uT_YoT3aen3ianiyg

9 PERDBEREY
sjuatied DN
VA% Z0% 4001 A
86¢ SSY 8EI1 oN
(uotsasnoalzar) (°qV VOA/VS3I +VOA/ V31
*qy_VDA/V3I uTr 33ueyd ou) suosiadg
3O ssoq] ITITqe3s

DdN 3O STI 03 UOIIBISI UT SABIK ¢
19a0 Apoqriue yOA/VSI 3JO suorienionyy pue A3IT[IqelS : g o91qel

€861 ‘IB 32 UdYS X ¥
€861 ‘1I® 312 so8ueilsaQ

20T 6 9% ZS1 9 6¢€ STEnpTATPUT
aaT3EB39u YOA/VII
AZ 9C 217 €l 9 STENpTATPUT
aat3tsod yoA/V3I
aat3Tsod peolsel  aatritsod po1sa3
* % VNGH oN *VNQ/A9E oN

*STenpTATpUT aat13le3su pue aa13Tsod y)A/V3I
utr yNgd Pu® VYNQ/ADHI FO UOT109319p aATieiRdWO) : G IqE]




159

Stability and fluctuation in IgA/VCA antibody titers
and relation to risk of NPC

In the County of Zang Wu 1138 individuals with IgA/
VCA antibodies were followed for 3 years from both
the serological and clinical view-points. Table 6 shows
that 407 of them (455 individuals) exhibited stable
IgA/VCA titers. Among those, 6 developed NPC within 3
years of follow-up (1.3%7). 398 individuals (357%) lost their
IgA/VCA antibodies within this period and no NPC was
discovered among them. IgA/VCA antibodies increased by 4
dilutions or more in 81 individuals and 15 of them develo-
ped NPC (18.57). These results (Zeng et al, in preparation)
strongly support the hypothesis that EBV reactivation,
reflected by a specific serological profile (increasing
titers of IgG EA, IgA VCA, IgA EA) represents a pre-NPC
condition. Whether or not such conditions reflect our
inability to detect sub-clinical tumorous growth in the
submucosa of the nasopharynx remains to be determined.

IITI - PERSPECTIVE AND PRIORITIES

Early detection of NPC by the IgA/VCA or probably
better by the IgA/EA test is feasible today, and should
therefore be applied for the benefit of large populations
at risk for this tumour which represent approximately 230
millions persons around the world. Table 7 gives the
difference in the clinical stages of NPC patients diagnosed
in out-patients clinics, and of the patients detected during
the above described early detection schemes. The shift
towards early stapes is obvious (43% versus 1.77% detected
at stage I).Suchashift should have a critical impact on
mortality by NPC, if one considers the 5 year survival
rates after radiotherapy according to clinical stages. In
Shanghai, for example (Zeng personal communication), more
than 907 of NPC patients treated at stage I of the disease
exhibited a 5 year disease free survival. In contrast, NPC
patients diagnosed at stage IV and V, which represent the
majority in out-patients clinics of endemic areas, have less
than one year survival in 707 of the cases.
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It is therefore of great interest to see that EBV
serology has sucha critical and practical impact for
patients' care before the nature of the relationship
between the virus and this cancer was uncovered. It is a
clear example where important applications for public
health can be implemented prior to the understanding of the
mechanism involved. If the final proof that EBV is causally
related to NPC is not yet at hand, the results shown in
table 1, 4, 6 and 7 strongly favour an etiological role of
the virus in the development of undifferentiated carcinomas
of the nasopharynx.

The priorities in Prevention Research concerning NPC
should focus on the understanding of the virological,
molecular and immunological events taking place in the
nasopharyngeal mucosa during the pre-NPC events. Such an
understanding will in turn permit the implementation of
primary prevention, either by anti EBV interventions or by
eliminating co-factors. Such co-factors may be present in
the immediate environment of individuals at risk (Ito et
al, 1983, Zeng et al, 1983) or possibly
associated with bacterial flora in the nasopharynx (Zeng
et al, in press).

Table 7 : Comparison of NPC stage from outpatient clinic
and from serological screening

Stages
N° of cases I II ITI IV
Outpatient N 1 066 18 312 556 180
Clinic % 1007 1.77% 51.3% 51.37 17.27%
Serological+ N 35 15 17 3
screening A 100% 437  48.5%7  8.5%

Acknowledgments : Some aspects of these studies were
supported by the CNRS, and the Fondation pour la Recherche
Médicale, Paris.
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EVALUATION OF EPSTEIN-BARR VIRUS SEROLOGIC ANALYSIS IN
NORTH AMERICAN PATIENTS WITH NASOPHARYNGEAL CARCINOMA AND
IN COMPARISON GROUPS
H. Bryan Neel III, M.D., Ph.D., Gary R.
Pearson, Ph.D.,* and William F. Taylor, Ph.D.,
Mayo Clinic and Mayo Foundation, Rochester, MN
55905, U.S.A.
SUMMARY

This prospective cooperative study was initiated in
1978 to determine the value of serologic tests related to
Epstein-Barr virus (EBV), including the antibody response
to the EBV membrane antigen as measured by the
antibody-dependent cellular cytotoxicity (ADCC) assay, in
North American patients with different histopathologic
types of nasopharyngeal carcinoma (NPC). Serologic
testing is a useful diagnostic aid for patients with NPC,
particularly those in whom the tumors are small and
submucosal (difficult to see or occult). A large body of
clinical evidence, histopathologic data, and more recently
immunologic studies supports the concept that carcinomas
of the nasopharynx constitute two distinct diseases.
Today, these are classified as WHO type 1 tumors and
combined WHO types 2 and 3 tumors. The ADCC titers
obtained at diagnosis often predict the clinical course of
patients with WHO types 2 and 3 NPC regardless of the
stage of the disease. A low ADCC titer at diagnosis
portends a poor prognosis, and the determination of
antibody titers identifies patients in whom recurrent
disease is likely to develop after conventional
irradiation therapy.

*
Present address: Georgetown University, Washington, DC.
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This prospective cooperative study was initiated in
1978 to determine the value of serologic tests related to
Epstein-Barr virus (EBV), including the antibody response
to the EBV membrane antigen as measured by the antibody-
dependent cellular cytotoxicity (ADCC) assay, in North
American patients with different histopathologic types of
nasopharyngeal carcinoma (NPC). It involves several
institutions in the United States to provide a sufficient
number of patients--mostly Caucasians--from different
geographic locations and diverse ethnic backgrounds (Neel
et al., 1980, 1981A, 1983, 1984, in press; Pearson et al.,
1983). Other studies, primarily in Chinese patients, have
found potential value for most of the antibody responses
(Henle and Henle, 1966, 1976; Henle et al., 1970, 1971,
1977; Pearson et al., 1971; Ho et al., 1978; Naegele et
al., 1982; sundar et al., 1982; Ringborg et al., 1983).

This report explores the data on the NPC patients and
on controls consisting of normal blood donors, patients
with squamous cell carcinoma elsewhere in the head and
neck, and patients with benign diseases commonly seen in an
otorhinolaryngologic practice.

MATERIALS AND METHODS

Serum Donors

Serum samples were collected during the same time
period from three groups of donors.

Group 1. One hundred fifty-one patients with NPC.
Serum samples were collected at diagnosis, but before
treatment. Tissue removed to establish the diagnosis of
NPC was evaluated by a panel of four pathologists and
classified according to the standards established by the
World Health Organization (Shanmugaratnam and Sobin, 1978)
as squamous cell carcinoma (WHO type 1), nonkeratinizing
carcinoma (WHO type 2), or undifferentiated carcinoma (WHO
type 3).

Group 2. Patients with various related diseases: 147
with squamous cell carcinoma of the nose or sinuses
(excluding the nasopharynx), mouth or pharynx, ear, and
other miscellaneous sites; 71 with other types of malignant
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tumors (excluding squamous cell carcinomas) of the
nasopharynx, nose or sinuses, mouth or pharynx, and neck or
parotid gland; and 407 with various benign head and neck
diseases located at sites throughout the upper
aerodigestive tract and typical of those seen in
otorhinolaryngologic practice.

Group 3. Two hundred seventy-eight healthy persons
(blood donors).

Tests

All serum specimens were titrated for IgG antibodies
to EA(D) and IgA antibodies to VCA by indirect
immunofluorescence procedures (Henle et al., 1970, 1977;
Henle and Henle, 1976). All tests were performed at the
Mayo Clinic and at the Children's Hospital of
Philadelphia. There was good concordance between results
from the two laboratories.

ADCC data from 134 of the 151 patients with NPC were
analyzed. The ADCC radioimmunoassay measures antibodies
to an EBV membrane antigen component; the procedure has
been described in detail (Pearson and Orr, 1976; Pearson
et al., 1978; Mathew et al., 1981). The ADCC titer is the
hlghest dilution serum that caused significant ADCC
(Student's t test was used as a test of significance).

All sera were assayed at least three times. When titer
varied significantly in sequential serum samples from the
same patient, all sera were retested together in the same
assay to verify the changes in titers.

Statistical Methods

The IgG antibodies to EA(D) and IgA antibodies to VCA
discussed here have a potential for use as diagnostic
markers for NPC. We investigated this application by
estimating the sensitivity and specificity of the two
titers considered herein. The usual definitions apply:
sensitivity is the proportion of true NPC patients who
have positive markers; specificity is the proportion of
true non-NPC patients who have negative markers. The data
are analyzed in terms of positive and negative responses,
positivity being defined as a titer >1:10. The percentage
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of positive titers was considered in detail by using
fairly fine breakdowns of the various classes of patients.
Significance tests were based on appropriate contingency
table analysis. On occasion, the breakdown into subgroups
was such that very small numbers were involved, and so a
cgrtain amount of pooling was done in conjunction with the
X~ test used with contingency tables. In every case the
groups were defined on the basis of sample size and
anatomy without reference to outcome.

Assessment of ADCC titer as it relates to prognosis
was based on segregation of the patients into groups with
high or low titers at the time of diagnosis. ADCC titers
21:7,680 were classified as high, and titers <1:7,680 were
classified as low (Student's t test was used as a test of
significance). Actuarial survival was calculated by the
method of Kaplan and Meier (1958).

RESULTS

Sensitivity and Specificity of EA(D) and VCA
(IgA) in Diagnosis

The EA(D) (IgG) response is a sensitive marker for WHO
type 2 and type 3 patients; 94% and 83%, respectively, of
such patients had positive responses (Table 1). The test
is not sensitive for patients with WHO type 1 tumors; only
35% had positive responses. The test is not very specific
because only 62% to 71% of the responses were negative for
non-NPC patients and normal donors.

The VCA (IgA) response is equally as sensitive for WHO
type 2 and type 3 patients: 897% and 84%, respectively,
had positive responses. It is insensitive for WHO type 1
patients (16%). In contrast to the EA(D) response, it is
quite specific because 82% to 91% of the non-NPC patients
and healthy donors had negative responses. WHO types 2
and 3 are similar to each other. The low percentage of
both responses for WHO type 1 patients is similar to that
for the comparison groups, and normal donors had even
fewer positive responses (9%) than did non-NPC patients;
this difference is statistically significant for VCA
(IgA). As a marker for WHO type 2 or 3 tumors, the VCA
(IgA) response is sensitive (positive in 85%) and quite
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specific (negative in 85% of comparison patients and 91%
of normal donors).

In patients with squamous cell carcinoma (excluding
nasopharynx) with involvement of the tongue, 507% were VCA
(IgA) positive and 62% were EA(D) positive, compared to
18% and 31%, respectively, of the patient comparison group
as a whole. Both differences are significant for VCA
(1gA) (P = 0.007) and for EA(D) (P = 0.02). Proximity of
the tumor to Waldeyer's ring at the base of the tongue did
not influence the incidence of positivity because the
number of positive responses was equally divided between
the anterior and the base of the tongue. With squamous
cell carcinoma of the larynx, 23% of the patients had
positive VCA (IgA) responses and 38% had positive EA(D)
responses; although slightly higher than for the group as
a whole, these are not significantly different. There are
no significant differences between the glottic,
supraglottic, and subglottic regions of the larynx.

Among patients with other types of malignant tumors
(excluding squamous cell carcinomas) in the head and neck,
13% were VCA (IgA) positive and 38% were EA(D) positive.
No comparisons were significant. Percentages of positive
VCA (IgA) and EA(D) responses were high in patients with
adenocarcinoma of the parotid, but the number of patients
was small. The percentage of positive responses was
higher in patients with leukemias than in the group as a
whole; the two patients with positive responses had
chronic lymphocytic leukemia. One patient had had
hyperplastic nasopharyngeal lymphoid tissue initially and
eventually chronic lymphocytic leukemia developed, but the
serologic profile was typical of patients with active NPC.
Patients with lymphoma of the nasopharynx did not have the
same serologic profile as patients with NPC.

In the comparison patients with benign head and neck
diseases, 14% had positive VCA (IgA) responses and 37% had
positive EA(D) responses. Only the VCA (IgA) responses
showed a significant difference among the subgroups
(P < 0.05). Percentage of positive VCA (IgA) responses
was significantly higher (31%) in patients with
inflammatory nasal polyps or nasal papillomas than in the
whole group. Twenty-two percent of the patients with
benign epithelial diseases of the vocal cords (myxomatous
polyps, leukoplakia/hyperkeratosis, nodules, granulomas,
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etc.) had positive VCA (IgA) responses and 43% had positive
EA(D) responses (differences from group as a whole not
significant). In the large subset of patients with benign
adenoid hypertrophy, 20% had positive VCA (IgA) responses
(not significantly different from the percentage for the
group as a whole), and the percentage of the positive

EA(D) responses was the same as that for the group as a
whole (37%).

Relationships Among ADCC, WHO Tumor Type,
and Stage of Disease

Patients with WHO 2 and 3 nasopharyngeal carcinomas
were grouped together because, as shown above and reported
previously (Neel et al., in press), their anti-EBV
serologic profiles were similar. To determine if ADCC
titers at diagnosis were related to the clinical stage of
disease, we segregated patients by the level of ADCC and
by histopathologic tumor types into the groups of disease
in the AJC and Ho staging systems (AJC, 1977; Ho, 1978;
Neel et al., 1981B). Most of the patients with WHO 1
carcinomas had stage IV disease (AJC system) or stage III
disease (Ho system) (Fig. 1 upper left and upper right).
The pattern was similar in patients with WHO 2 and 3
carcinomas when classified by the AJC system but the
distribution was more even among stages I, II, and III
when these patients were classified by the Ho system (Fig.
1 lower left and lower right). High and low ADCC titers
were seen in all stages (except in Ho stage V), and the
distribution of patients by high and low ADCC titers was
similar in each of the stage groupings. Therefore, no
relationship was apparent between the ADCC titer at
diagnosis and the clinical stage of the disease in the two
commonly applied staging systems.

Relationship Between ADCC Titers at Diagnosis
and the Course of Disease

With WHO 1 carcinoma disease, progression (defined as
the appearance of clinically detectable recurrence,
usually metastatic disease) differed little among patients
who had high or low ADCC titers. The samples were small,
and no significant difference was found (P = 0.2). 1In the
combined WHO 2 and 3 group, disease progression occurred
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Fig. 1. Relationship of ADCC titer to clinical stage
of disease. Patients with WHO 1 carcinomas (Upper) and
WHO 2 or 3 carcinomas (Lower) were classified according to
AJC (Left) and Ho (Right) systems. NED, no evidence of
disease; NPC, nasopharyngeal carcinoma. (From Neel, H.B.,
II1I1, Pearson, G.R., and Taylor, W.F., Antibody-dependent
cellular cytotoxicity: relation to stage and disease
course in North American patients with nasopharyngeal
carcinoma. Arch. Otolaryngol. [in press].)

much more frequently in those with low titers

(P = 0.0001). Approximately 75% of the patients with high
titers remained disease-free for 3 years or longer, but
only 34% of the patients with low titers remained
disease-free at 3 years and only 20% were disease-free at
5 years. When disease did progress in patients with high
ADCC titers, it did so within the first 3 years after
diagnosis. After that, the number of patients who
remained disease-free was relatively stable. 1In contrast,
the number of patients with low titers who remained
disease-free continued to decline steadily for 5 years or
more.
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A clear association is apparent between survival after
treatment and a high or low ADCC titer at diagnosis. Of
the patients who had high ADCC titers at diagnosis, 80%
survived for 3 years or longer, whereas only 50% of the
patients with low titers were alive at 3 years and only
35% at 5 years (P = 0.008) (Fig. 2). All of the deaths in
the patients with high titers occurred during the first 3
years of observation, and deaths in the patients with low
titers continued beyond 4 years. Actual death rates were
about 2 times higher in the patients with low titers than
in those with high titers during the first 3 years after
diagnosis. Several of the patients who were studied are
still alive with clinically apparent metastatic disease,

100
90 High ADCC Titer
80 P
70 b 7680-15360 (n=57)
> Total (n=107
5
n 40 P
()]
()] )
© 30 } Low ADCC Titer
= 480-5760 (n=50)
O
(8]
[ .
o 20 p
a
10 1 | | | | | | | 1 |
0 1 2 3 4 5

Years after diagnosis

Fig. 2. Actuarial survival of patients with WHO 2 or
3 carcinomas on basis of ADCC titers at diagnosis. (From
Neel, H.B., III, Pearson, G.R., and Taylor, W.F.,
Antibody-dependent cellular cytotoxicity: relation to
stage and disease course in North American patients with
nasopharyngeal carcinoma. Arch. Otolaryngol. [in press].)
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and virtually all will eventually die as a consequence of
their disease.

Histopathology and Survival

In the most recent actuarial survival calculation for
all WHO histopathologic types of NPC in this study, at 5
years, 50% of the 151 patients were alive. When the
patients were divided into two groups based on
histopathologic type, however, there was a definite trend
toward more deaths from NPC in the WHO type 1 group than
in the type 2 and type 3 group (Fig. 3). At 5 years, 597
of the 114 patients with WHO 2 and 3 tumors were alive
whereas less than 25% of the 37 patients with WHO 1 tumors
were alive. The difference is significant (P < 0.0001).

WHO 283 (114)
%

alive
30} WHO 1 (37)

20 |-

10 | I 1 | 1
0] 1 2 3 4 5 6

Years after diagnosis

Fig. 3. Actuarial survival of 114 patients with WHO
type 2 or type 3 NPC and 37 patients with WHO type 1 NPC.

DISCUSSION

This study was initiated to determine, prospectively,
the clinical value, as it relates to diagnosis and
prognosis, of EBV-related serologic testing in patients
with NPC. It reaffirms that, in North American
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patients--mostly Caucasians--antibodies to two EBV
antigens are present more frequently and at higher titers
in patients with WHO type 2 or 3 NPC than in patients with
WHO type 1 NPC or in comparison populations (Neel et al.,
1980, 1983; Pearson et al., 1983). The differences
between the various histopathologic groups of NPC were
particularly evident with both EA(D) (IgG) and VCA (IgA)
responses, and these tests clearly separate NPC into two
major categories. The more sensitive of the two tests
studied was the IgA antibody to VCA. The specificity of
the test can be improved by segregating the patients with
high (>1:10) VCA (IgA) titers from the patients with low
titers (<1:10), as shown in a previous study (Neel et al.,
1980), but then some degree of sensitivity is lost. Also,
it is important to recognize that, in patients with small
NPCs, 90% with stage I NPC (WHO type 2 or 3) have positive
VCA (IgA) responses (Neel et al., 1983). Therefore,
serologic testing has been a useful diagnostic aid in many
patients with NPC, particularly those with small
submucosal tumors that are difficult to see and those

with occult NPC (Neel et al., 1981A).

It should be emphasized that sera from about 15% of
patients with WHO type 2 or 3 NPC have been negative for
VCA (IgA). 1In addition, the sera of 9% to 18% of
individuals in the various comparison groups have been
positive and are considered to be '"false-positives." We
believe that it is possible that some of these patients
are at higher risk for the development of NPC or have some
unrecognized cellular immune defect. As with any
serologic test, such exceptions must be taken into account
when assays are applied in diagnosis and treatment
planning. The issue becomes more complex if one considers
the value of these tests for mass screening in
high-incidence areas. The predictability of the test is
acceptable in the context of otorhinolaryngologic practice
because the VCA (IgA) test is quite sensitive and
specific.

It was interesting to find subgroups of patients-——some
of them small--with a higher percentage of positive VCA
(1gA) responses within the comparison groups. These
subgroups were patients with squamous cell carcinoma of
the tongue, adenocarcinoma of the parotid, leukemia, or
benign nasal polyps. In clinical practice, all of these
disorders are easily differentiated from NPC by physical
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examination, but the nasopharynx should be examined
carefully. In none was the percentage of positive
responses even close to that in the WHO types 2 and 3
group.

The ADCC titer at the time of diagnosis is often
predictive of the prognosis. Certainly, patients with low
titers have a greater risk for recurrence. The ADCC titer
is apparently another factor, in addition to staging, that
can be used to predict prognosis. Clinical staging is the
traditional approach for predicting prognosis, but the
ADCC titer can be used to segregate patients within the
stage groups into those with '"good" and with "poor"
prognoses. Serologic testing eventually may become one of
the methods for staging patients with WHO types 2 and 3
forms of NPC. Both ADCC and WHO tumor type would be
important elements in a prognostic scoring system. The
roles of age, sex, and duration of symptoms in such a
system have not been determined yet.

It is not clear why serum ADCC titers are high in some
patients and low in others. It is clear that low ADCC
titers are more likely to portend progression of the
disease and death from the disease than are high titers
and that these titers do not seem to be related to tumor
burden in the two clinical staging systems reported here
or in the UICC system. However, in all the stage groups,
the propensity for recurrences was greater among patients
with WHO types 2 and 3 tumors with low titers. Possibly,
the low titers reflect a deficiency of antibodies to the
major ADCC epitope that is expressed on the major
EBV-induced antigen (Qualtiere et al., 1982). However, a
more likely explanation relates to studies from our
laboratory in which low ADCC values were shown possibly to
be caused by '"blocking'" of IgG-mediated ADCC by IgA
antibodies (Pearson et al., 1978; Mathew et al., 1980,
1981; Bertram et al., 1983). Most patients with the
poorly differentiated types of NPC have IgA antibodies to
EBV antigens in their sera. 1IgA antibodies purified from
the sera of patients with NPC block the ADCC reaction
mediated by IgG anti-EBV antibodies.

If one assumes that ADCC functions against the tumor
in vivo, then this antibody to membrane antigen might be
active in specific immunity against NPC. Therefore,
approaches to enhance the level of this antibody in the
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circulation or approaches to remove IgA from the
circulation might have a therapeutic effect (Neel et al.,
1983). Possibly, the blocking activity of IgA antibodies
could be abrogated with high-titer serum, through active
immunization with a vaccine against membrane antigen that
expresses the ADCC epitope, or by plasmapheresis of IgA.
It will be necessary to observe patients with NPC for a
longer period and to continue to study more patients for
several years before the prognostic value of any of the
anti-EBV markers can be determined conclusively or before
such therapeutic measures should be considered as routine
adjuncts to conventional procedures for the treatment of
patients with NPC.
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SUMMARY

Sera from 129 Malaysian patients with NPC and controls
were assayed for antibodies to EBV-related antigens. His-
topathologically there were 30 WHO type 1, 20 WHO type 2
and 79 WHO type 3 tumour cases. There was no significant
di fference between the geometric mean titre (GMT) of the
anti-EBV antibodies for the three WHO type tumours. In the
Chinese, Malays and Kadazan patients the titres of IgG
anti-EA and IgA anti-VCA antibodies increased with the
stage of the disease; in the Chinese NPC patients the GMT
titres decreased at Stage IV but in the Malay and Kadazan
NPC patients the titres continued to increase. Morever,
the GMT for anti-EBV antibodies were higher in the younger
NPC patients (<39) compared to older patients at all stages
of the disease. It appears that the IgA anti-VCA antibody
response is specific to NPC and is a useful diagnostic aid
when used alone or when used in combination with IgG anti-
EA titres.

INTRODUCTION

In Malaysia, NPC is the most frequently diagnosed
neoplasm of the upper respiratory tract with an annual
average of 406 which represents an incidence of 2.96 per
100,000 population per year (Yadav et al., in press).

The age adjusted incidence in Chinese, Malays and Indians
per 100,000 is 16.5, 2.3 and 1.0 for ma]es and 7.2, 0.7
and nil for females respectively (Armstrong et al., 1979).
In the ethnic minority groups, like the Kadazans, a
bimodal incidence with peaks during adolescence and late
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middle age have been noted (Rothwell, 1979; Yadav et al.,
in press). The current study was initiated to determine
the value of EBV serology for the diagnosis of NPC in
Malaysia. The patients were drawn from all geographic
regions of the country and included the major racial/ethnic
groups. Normal serum donors and those patients with other
head and neck tumours were included for comparison.

MATERIALS AND METHODS

Patients: The study was initiated in 1982, and all
patients histopathologically confirmed for NPC were
enrolled. The age range was from 11 to 86 years; the
median age was 43 years. By race the series consisted of
91 (70.5%) Chinese, 21 (16.2%) ethnic Malays, 4 (3.1%)
Indian and 13 (10.9%) ethnic Kadazans.

The stage of the tumours was determined on the basis
of the clinical data according to the Ho system (Ho, 1978a).
Blood was collected at first examination and periodically
at 4-6 months intervals. All serum samples were aliquoted
and stored at -70°C (long periods) or -30°C (short periods)
before use.

The biopsy taken from the postnasal space was evalua-
ted by a panel of pathologists and classified according to
the standards of the World Health Organization (WHO) into
broad categories of squamous cell carcinoma (WHO 1; 37
patients = 28.7%); nonkeratinizing carcinoma (WHO 2; 20
patients = 15.5%), and undifferentiated carcinomas (WHO
3; 72 patients = 55.8%) (Shanmugaratnam and Sobin, 1978).

Immunovirologic assay: Coded serum samples from all
patients and controls were tested for antibodies to EBV-
induced viral capsid antigen (VCA) and early antigen (EA)
by the fluorescence techniques previously described in
detail (Henle and Henle, 1966; Henle et al., 1970). Brief-
fly, smears of P3HR-1 cells fixed in cold acetone served
for detection of antibodies to VCA. Raji cells superinfec-
ted with P3HR-1 virus which expressed about 15-20 percent
EA-positive cells were used for titration of anti-EA
antibodies. The geometric mean titre (GMT) was calculated
from antibody-positive (1:10 dilution) sera in each group.
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RESULTS

Anti-EBV Titres in Malaysian Patients

The incidence of positive antibody titres in the sera
from patients with NPC differed significantly (p <0.05)
from the incidence of positive titres in the two compari-
son control groups for the three types of antibodies
titred (Table 1). Al1 129 NPC sera were positive for IgG
antibodies to VCA as opposed to 96-98 percent of the sera
from the two different control groups. The GMT of the
NPC sera was 268 which significantly differed from the GMT
of controls (28 and 36).

Table 1. Anti-EBV Antibody Titres in Sera from Malaysian
NPC Patients and Controls.

Serum donors

NPC Other head and Normals
Serologic tests (n = 129) neck tumours (n = 130)
(n = 128)

IgG Anti-VCA

% Positives 100 97 98
GMT of positives 268* 36 28
Range 80-1280 10-160 10-640
IgA Anti-VCA

% Positives 90 4 2
GMT of positives 39* 7 28
Range 10-160 10-20 10-80
IgG Anti-EA

% Positives 96 25 1
GMT of positives 52* 9 1
Range 10-160 10-40 10-80

GMT = Geometric mean titre

1]

* = Significantly higher titre than other groups;

p < 0,05,
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Soth the IgA anti-VCA and IgG anti-EA showed high
specificity for NPC. For IgA anti-VCA 90 percent were
positive compared to less than 4 percent in controls;
the GMT was 39 for NPC patients and 7-28 in controls.
Similarly the IgG anti-EA was positive in 96 percent
compared to 1-25 percent in controls; the GMT was 52 for
NPC patients and 1-9 in controls. When the IgA anti-VCA
and IgG anti-EA are taken together only 4 of 129 NPC
patients (2.1%) remained negative.

Table 2 shows that the peak GMT of the IgA anti-VCA
and IgG anti-EA occurred at 30-39 age group. The maximum
frequency of the disease is at 40-49 years, almost a decade
later. In the case of IgG anti-VCA antibody, the titers
increased with age.

Table 2. Anti-EBV antibody titres of NPC patients in
relation to the age in years

" IgG anti-VCA TgA anti-VCA TgG anti-EA

Age Group GMT GMT GMT

10 - 29 250(17)** 38(15) 54(16)
30 - 39 264(29) 40(26) 60(27)
40 - 49 257(38) 32(33) 47(37)
50 - 59 277(24) 32(22) 45(23)
> 60 341(21) 37(20) 40(21)

** Parentheses indicate number of patients in each group.

Relationship between histopathologic type and anti-EBV
titres

The titres of the sera were analysed according to the
WHO classification in order to seek an association between
EBV-serology and histopathology. There was no statistical
difference in the serological profile among the 3 WHO types
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for the three antibodies assayed (Table 3). Moreover, a
positive association was not found between EBV-serology
and histopathology when race was taken into consideration.

Table 3. Anti-EBV antibody titres in relation to histo-
pathology using WHO classification.

WHO 1 WHO 2 WHO 3

Serologic tests (n = 30) (n = 20) (n = 79)
IgG anti-VCA

% Positive (GMT)* 100 (216) 100 (251) 100 (319)
IgA anti-VCA

% Positive (GMT)* 87 (32) 85 (35) 94 (39)
IgG anti-EA

% Positive (GMT)* 90 (47) 100 (44) 99 (52)

* Geometric mean titre of positives.

Relationship between anti-EBV titres and stage of disease

Analysis of EBV titres by stage included consideration
of age. In general the anti-EBV titres were higher in
patients younger than 39 years old compared to those older
for all three anti-EBV antibodies assayed for all stages
(Table 4). Furthermore, the antibodies in Stage I and II
were lower than those in Stage III and IV.
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Table 4. Relationship between anti-EBV antibody titres
and stage of disease

Stage of Disease

Serologic tests

I 11 I11 IV

IgG anti-VCA
< 39 years 285(6)* 226(16) 340(21) 320(3)
> 39 years 219(11) 215(26) 309(24) 279(22)
IgA anti-VCA
< 39 years 53(5) 33(14) 58(20) 80(2)
> 39 years 34(9) 23(24) 45(22) 44(20)
IgG anti-EA
< 39 years 25(6) 59(15) 65(20) 80(3)

39 years 25(11) 36(35) 63(23) 55(22)

* Geometric mean titer; number of patients in parenthesis.

In the Chinese, the titres decreased from Stage III
to Stage IV, but in the Malays and Kadazans there was a
marked increase in the anti-EBV titres from Stage I to IV
for all three types of antibodies assayed (Table 5).
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Table 5. Relationship between anti-EBV antibody titers,
race and stage of disease.

Stage of Disease

I I1 ITI IV
Chinese(91)
IgG anti-VCA 254(15)*  313(34)  355(27)  335(15)
IgA anti-VCA 40(14) 26(31) 45(25) 40(14)
IgG anti-EA 38(15) 43(33) 68(26) 56(15)

Malays and Kadazans(34)

IgG anti-VCA 113(2) 160(8) 276(14)  394(10)
IgA anti-VCA - 28(8) 36(14) 54(9)
IgG anti-EA - 31(8) 66(14) 79(10)

* Geometric mean titre; parentheses show number of patients.

DISCUSSION

The most specific anti-EBV antibody response in the
Malaysian NPC patients was that of IgA anti-VCA antibody.
Sera from 90 percent of the NPC cases contained the anti-
body compared to 2-4 percent of the controls, and the GMT
was significantly higher in the NPC patients compared to
the two groups of controls used. The high specificity of
the IgA anti-VCA antibodies to NPC has been noted pre-
viously in the Chinese and the American patients (Henle
and Henle, 1976; Ho et al., 1976; Desgranges et al., 1977;
Pearson et al., 1983). "The IgG anti-EA antibody also shows
a high specificity to NPC compared to the controls and 96
percent NPC cases were positive using this test. However,
the application of the IgA anti-VCA and IgG anti-EA tests
in combination is of greater sensitivity than either one
or these tests used alone.

It is interesting to note that 7 percent of the indi-
viduals with head and neck tumours other than NPC and 2
percent of normal individuals were positive for IgA anti-
VCA, albeit at low titre levels. Clinical observations
and in some cases histopathology of postnasal biopsy did



187

not confirm NPC in these groups but these tests do not
exclude occult NPC. The normal individuals with elevated
IgA anti-VCA titres are presently being followed at regular
intervals and over a period of 2 years have not shown any
adverse developments. Such follow-up studies of indivi-
duals with raised IgA anti-VCA titres but clinically
negative for NPC would be useful in establishing whether
these antibodies precede symptoms of NPC (Ho et al.,

1978b; de The et al., 1983).

Serologic screening of the patients is a valuable
diagnostic aid in most NPC patients, particularly those
with small submucosal tumours that are difficult to
visualise clinically and those with occult NPC. On rare
occasions an occult primary may first be detected by nodal
metastasis. In a small percentage of NPC cases the anti-
EBV serology remains negative when clinical and histopatho-
logical signs are positive. The absence of IgA anti-VCA
is not because of selective IgA deficiency since these
patients often have normal serum IgA levels. Moreover,
selective IgA deficiency is extremely rare in Malaysia
(Yadav and Iyngkaran, 1979). There are no features that
uniquely separate NPC patients with negative IgA anti-VCA
titres from other NPC cases. Furthermore, the IgA anti-VCA
antibody remains negative in patients in whom the disease
reappears after treatment. Further studies are required
to identify the basis for the negative serological res-
ponse in these NPC patients.

DNA hybridization studies indicate that the EBV
genome is regularly associated with undifferentiated car-
cinoma and nonkeratinizing carcinoma but only with 20
percent of the squamous cell carcinoma (Nonoyama et al.,
1973; Klein et al., 1974; Zur Hausen et al., 1974; Pagano,
1974; Andersson-Anvret et al., 1977). Moreover, Pearson
et al. (1983) noted that sera from patients with WHO 2
and 3 type NPC frequently contained antibodies, often
in high titres, to EBV antigens. In contrast patients
with WHO 1 type tumours had an EBV serologic profile
similar to those found in patients with other head and
neck neoplasms. Our serological data, however, fails
to distinguish the 3 histopathological types either
with IgG anti-EA or IgA anti-VCA antibody. Further
studies are needed to resolve the anomaly between the
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present data and that of earlier published accounts.
However, it is pertinent to note that Shanmugaratnam et
al. (1979) did not find any evidence to support a differ-
ence between WHO 1, 2 and 3 type NPC tumours and conclu-
ded that they were variants of a fairly homogenous group
of neoplasms in Singapore. Similar conclusions were
reached by Prathap et al. (1983) who found the co-
existence of more than one histological type within the
same biopsy specimen and the presence of amyloid and EB
nuclear antigen in all three histological types in
Malaysia.

The present data confirms the increase in titres of
antibodies to EBV-related antigens in NPC with an increase
in tumour burden (Henle et al. 1973, 1977; de The et al.,
1975; Lynn et al., 1973; “Neel et al., 1983) There is a
step-wise increase in GMT with each stage of the disease
for the Chinese, Malays and Kadazans. The step-wise
increase was more marked in the Malays and Kadazans and
thus in Stage IV in this group there was no decrease in
GMT as seen in the Chinese. This decrease in GMT in
Stage IV has been attributed to depressed immunologic res-
ponses due to secondary effects (Neel et al., 1983). In
the Malays and Kadazans, the IgA anti-VCA titres were
undetectable in Stage I and this observation casts doubts
on whether these antibodies precede symptoms of NPC in
these groups.

The GMT for IgA anti-VCA are highest in the 30-39
age group almost a decade earlier than the mean peak
incidence of NPC in Malaysia. Moreover, the GMT are high-
est in NPC patients younger than 39 years old compared
to those older at all stages of the disease. This may
reflect a more vigorous immune response in the younger
patients. The present data would indicate that IgA anti-
VCA along with IgG anti-EA is a useful marker of NPC but
racial variations limits its use for early diagnosis.
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AN ANALYSIS OF THE RELATIONSHIP BETWEEN CLINICAL PATHOLOGY
AND SEROLOGICAL LEVEL OF EB VIRUS VCA-IgA ANTIBODY IN
NASOPHARYNGEAL CARCINOMA

Huang, Pei Sheng, Chen, Yu Dong, Shen, Yuin Yin
Fujian Medical College, Fuzhou, Fujian,

People's Republic of China
SUMMARY

Nasopharyngeal carcinoma (NPC) is one of the common
malignant tumors in Fujian Province, China. By using the
indirect immunoperoxidase labelled antibody method, the
antibody level of 363 cases 5 and the relationship to his-
topathological changes were studied. Among these cases,
127 were untreated NPC with a positive rate for IgA anti-
VCA antibody of 91.3% (GMT 1:33). Forty two of the 363
cases had other tumors of head and neck with a positive
rate of 7.1% (GMT 1:8) while none of 53 cases of chronic
nasopharyngitis and 141 cases of normal individual had
detectable antibody. Since this assay has a significant
specificity, it is used as an effective serological diag-
nostic tool for NPC in our clinic.

The serological level of VCA-IgA antibody in untreated
NPC cases correlated with the duration of disease, the size
of the metastatic lymph node, the proportion of NPC paren-
chyma and the degree of plasma cell infiltration in tumor
tissues. No significant relationship was found between
the VCA-IgA antibody level and the sex, age, original site
of the tumor, mode of tumor growth and the relationship
between HLA-type and survival in this patient population.
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INTRODUCTION

Nasopharyngeal carcinoma (NPC), is one of the more
common malignant tumors in Fujian. The close relationship
between EB virus and NPC has been discussed (Henle and
Henle, 1976; Ho et al., 1976; Klein et al., 1974). Although
the level of EB virus VCA-IgA serum antibody is high in NPC
patients, its clinical and pathological significance remains
unsettled. As an attempt to solve some of the problems, the
following studies were undertaken.

MATERIALS AND METHODS

This report was based on 363 individuals including 127
NPC patients and 236 control cases collected within 1980-1981
from our NPC clinic. With application of the indirect immuno-
peroxidase technique, EB virus VCA-IgA serum antibody was
examined. 222 nasopharyngeal biopsy specimens from all of
the patients (141 normal subjects were excluded) were obtained.
Paraffin sections were routinely processed and studied. The
PAP technique was used for IgA, IgG and IgM in tissue plasma
cells from 68 cases of NPC and 40 cases of chronic nasopharyn-
gitis.

RESULTS AND DISCUSSIONS

I: EB virus VCA-IgA serum antibody in NPC patients before
treatment and in control groups.

The positive rate of VCA-IgA serum antibody in the 127
NPC patients before treatment was 91.3% (GMT 1:33) as com-
pared to only 7.1% (GMT 1:79) in the 42 patients with other
head and neck tumors. None of the serum samples from
53 patients with chronic nasopharyngitis or 141 normal
subjects had detectable IgA anti-VCA antibody. Thus, the
test has been routinely used in our NPC clinic as a simple
and reliable serodiagnostic method for NPC.

II. Relation between level of EB virus VCA-IgA serum
antibody and clinical characteristics of NPC patients.

Levels of VCA-IgA serum antibody in 127 NPC patients
were analyzed according to clinical stages by using National
TNM staging system proposed in 1979. A correlation between
VCA-IgA serum antibody and disease stage was apparent (Table
1). Patients with a short survival (less than 1 year) were
less likely to have elevated titers (10.4%) and had a lower
GMT (1:29) than those with a longer survival (29%, GMT=1:47)
(Table 2).
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Table 1. Clinical Stages and VCA-IgA Level in Sera
of 127 NPC Patients

Clinical No of Cases with
Stages No. of Cases VCA-IgA >1:5 % GMT
I 12 8 66.7 1:13
Il 48 43 89.6 1:25
111 59 57 96.6 1:46
IV 8 8 100.0 1:52
Total 127 116 93.3 1:33

A relationship between the serum antibody and dissemi-
nation of the tumor was also noticed, but no difference was
found relevant to age, sex or size of the primary tumors.
The difference between patients with extensive lymph node
metastasis (N2+N3) and those without or with few metastatic
lymph nodes (No+Nj) was significant (0.05>P>0.01).

ITI. Relation between EB virus VCA-IgA serum antibody and
histopathological characteristics of NPC.

Among 127 cases of NPC, 108 were poorly-differentiated
squamous cell carcinoma (PDSCC). The level of serum anti-
body in poorly-differentiated adenocarcinoma (PDA) was
comparatively low and that of the only case of well-
differentiated squamous cell carcinoma (WDSCC) was negative
(Table 2).

Pattern of the growth, structure of the tumor and
infiltration of lymphoid cells in 80 NPC cases were also
studied (Table 3). No relation was discovered between
level of antibody and pattern of the growth but in the
parenchymatous type of NPC, the percentage of positive
serum antibody cases was 96.7% while in the stromatous
type it was 66.7% (P=0.05).
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Table 2. Clinical Characteristics and VCA-IgA Serum Antibody Level in 127 NPC Patients

No. of No. No. of Cases
Cases Positive Cases* % P with High Titer* % P
Sex Male 96 87 90.6 15.6
P>.05 15 P>0.05
Female 3 29 93.5 12.9
Age < 50 80 75 93.8 9 1.3
P>0.05 P>0.05
> 50 47 4 87.2 10 21.3
Survival <1 yr. 96 87 90.6 10 10.4
P>0.05 0.05>P>0.01
>lyre 3 29 93.5 9 29.0
To+ T 70 64 9.4 8 1.4
T2 35 31 88.6 P>0.05 7 20.0 P>0.05
T3+ Ty 22 21 95.5 4 18.2
No 26 19 731 3 1.5
No:Np+No+N No+Ny :No+N:
N 51 48 94.1 0.05>P>0.0 4 7.8 0.05>P>0.0
N2 46 45 97.8 10 21.7
N3 4 4 100.0 2 50.0
N + N2+ N3 100 97 96.0 16 15.8

* VCA-IgA Serum Antibody Titer ) 1:5
** VCA-IgA Serum Antibody Titer > 1:160

Table 3. Histopathological Characteristics and VCA-IgA Serum Antibody Level

in 127 NPC Patients

No. of No. (%) of No. (%) of Cases
Cases Positive Cases with High Titer
Undi ff. Carc. 1 1 (100) 0 (0)
Histological Poorly-diff. Sq.
classifica- Cell Carc. 108 99 (92) 18 (17)
tion Vesiculo-nuc. Cell 10 10 (100) 1 (10)
Carc.
Poorly-diff. Adeno
Carc. 7 6 (86) 0 (0)
Well-diff. Sq. Cell
Carc. 1 0 (0) 0 (0)
Massive Form 34 32 (94) 4 (12)
Growth Alveolar or
pattern: Trabecular Form 3l 27 (87) 5 (16)
Diffuse Form 15 13 (87) 2 (13)
Parenchymatous Type 30 29 (97) 4 (13)

Tumor Intermediate Type 4 37 903 7 517)
structure: Stromatous Type 9 6 (67 0 (0)

GMT

1:31
1:36
1:29
1:47
1:30
1:32
1:45

1:30

1:48
1:80

GMT

1:36
1:16
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The level of serum antibody rose correspondingly with
an increase of plasma cells in the tumors. The percentage
of high-titer cases in small-amount plasma cell group was
6.9% with GMT 1:26; and in moderate and large-amount group
was 31.8% with GMI 1:53. The difference was significant
(0.05> P>0.01). No similar relation was found in lymphocytes
(Table 4).

Table 4. Lymphocytes, Plasma Cells and VCA-IgA Serum Antibody in 80 NPC Patients

No. of No. (%) of No. (%)of Cases
Cases positive Cases with High Titer GMT
Small amount 60 54 (90) 7 (12) 1:29
Lymphocyte in tumor
Parenchyma
Mod. -large 20 18 (90) 4 (20) 1:31
amount
Small amount 24 20 (83) 3 (12.5) 1:25
Lymphocytes in tumor
Mod. -large 56 52 (93) 8 (14) 1:33
Small amount 58 53 (91) 4 (7)* 1:26
Plasma cells in
tumor tissue
Mod. -large 22 19 (86) 7 (32)* 1:53

amount

*0.05 > P >0.01

IV. Relation between level of EB virus VCA-IgA serum anti-
body and cytoplasmic Ig in plasma cells of NPC.

Cytoplasmic IgA, IgG and IgM in tissue plasma cells
of 68 NPC and 40 chronic nasopharyngitis biopsies were
studied with PAP technique and EB virus VCA-IgA serum
antibody was assayed. IgA* plasma cells were much more
common in NPC than in chronic nasopharyngitis. No such
difference was shown in IgG+ plasma cells (Table 5). IgM
plasma cells were seldom seen in either disease. The
level of VCA-IgA serum antibody in NPC patients correlated
with the amount of IgA* plasma cells in the tumor tissue.
When the amount of IgA* plasma cells was less than 5 per
high power field, the GMT was 1:19, and when it was more
than 26 per high power field, the GMT was 1:59 (Table 6).
This suggests that certain specific antigen is present
during tumor growth causing reactionary proliferation of
plasma cells in the tumor. These cells may take part in
the production of EB virus VCA-IgA antibody which may
later get into the blood or saliva.
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Table 5. Amount of Plasma Cells in 68 NPC and
40 Chronic Nasopharyngitis
No. of Cases IgA* Plasma Cells
No. of Cases No. of Cases
<10/HPF % P 210/HPF % P
NPC 68 38 55.9 30 44.1
P>0.05 0.05>0.01
Chronic 40 30 75.0 10 25.0
Nasopharyngitis
No. of Cases IgG* Plasma Cells
No. of Cases No. of Cases
<10/HPF % P 210/HPF % P
NPC 68 48 70.6 20 29.4
P>0.05 P>0.05
Chronic 40 25 62.5 15 37.5
Nasopharyngitis
Table 6. IgA* plasma cells and VCA-IgA Serum Antibody
Level in 68 NPC Patients
Amount of IgA+ Plasma Cells No. of Cases GMT
< 5/HPF 32 1:19
6-10/HPF 6 1:36
11-25/HPF 23 1:52
> 26/HPF 7 1:59
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FOSSA OF ROSENMULLER: THE SITE FOR INITIAL
DEVELOPMENT OF CARCINOMA OF THE NASOPHARYNX
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Tpepartment of E.N.T., ZDepartment of Radiology and
3Department of Pathology, University of Malaya,
Kuala Lumpur, Malaysia

SUMMARY

Along with the fossa of Rossenmuller (FOR),
other walls of the nasopharynx have been considered
to be the site of origin of the carcinoma of the
nasopharynx (NPC), a disease presumed to be caused by
the Epstein-Barr virus. In this study, a detailed
analysis of clinical, radiological and histopathological
findings in 150 confirmed cases of NPC has been made
which suggests that all the carcinomas of the
nasopharynx originate from cells lining the FOR. A
possible interaction between these epithelial cells
(columnar or squamous) which are more prone to
onslaught by the environmental agent, the subepithelial
lymphocytes and the lymphotropic virus EBV could
explain the pathogenesis of this cancer.

INTRODUCTION

The fossa of Rosenmuller has been reported in
the past to be one of the common sites of origin of
nasopharyngeal carcinoma with varying frequencies
(Dawes, 1969; Oreskovic et al., 1968; Shanmugaratnam
1971; Ho, 1978; Prasad, 1972 and 1979). However,
these observations were largely based on routine
clinical examination of the nasopharynx, a procedure
which is often rather inadequately performed even by
specialists in the field. As a result of closer
examination of the FOR in 40 cases of occult primary
in NPC using telescope and/or fibrescope, supplemented
by computerized tomography (C.T. scan), Prasad (1983)
reported that the earliest lesion in those cases
could have commenced in the depth of the FOR. The
purpose of this paper is to establish that all the
carcinomas of the nasopharynx originate from the
cells 1ining the FOR.
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MATERIALS AND METHODS

An analysis was made of 150 histologically con-
firmed cases of nasopharyngeal carcinoma, seen at
the University Hospital, Kuala Lumpur, Malaysia. The
following data were available for study:

(a) Full clinical data: This included the assess-
ment of site, side and extent of tumour as noticed
on routine examination, sometimes assisted by

the use of nasopharyngofibrescope or nasopharyn-
geal telescope.

(b) C.T. scan: Serial axial views of the
nasopharynx at 5 mm cut, using high resolution
Pfizer fast scanner with contrast enhancement

in suitable cases, were examined in great detail.

(c) Histopathological diagnosis: The patients
were subdivided into 3 groups according to WHO
classification.

In 19 cases where there was some difficulty in
identifying the suitable area for obtaining representative
tissue, biopsy specimens were taken separately from
three sites (two from the fossa of Rosenmuller and
from the postero-superior wall or the roof) in each
case. Histological details were studied in relation
to the site from where they were obtained.

RESULTS

Based on clinical examination in those 150 cases
of NPC, it was felt that in 127 cases (about 85%)
there was involvement of one of the two fossae of
Rosenmuller. In 65 cases (43.33%) the lesion was
limited to the fossa (Fig. 1), while in 34 (22.6%) it
had gone beyond it, usually along its anterior wall,
causing the increased bulkiness of the torus, and at
times tending to occlude the Eustachian tube (Fig.2).
There was spread of tumour along the postero-superior
wall in 28 cases (18.7%); however, the mass was seen
in continuity with that along the FOR. Both the
fossa seemed to be affected in 15 cases (10%), while
in 3 (2%) there was no evidence of definite tumour,
even on fibrescopic examination.
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FIGURE 1 - Normal depth of the FOR is filled up by
submucosal tumour (T). The Eustachian
tube (E) is normal.

FIGURE 2 - Tumour (T) mass after filling the FOR is
overlapping the Eustachian tube orifice (E).
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When the C.T. scan was taken into consideration,
the picture was far more revealing. In 147 cases
(98%) there was distortion of the FOR (Figs. 3 & 4)
which included 37 cases (26.7%) with tumour limited
to FOR, 80 cases (53.3%) with more soft tissue
involvement, and 30 cases (20%) in which there was
erosion of the skull bone (Fig. 5). The C.T. scan
was non-contributory in only 3 cases (2%).

As for the histopathological diagnosis, 86%
(126) belonged to WHO type III, while only 13 cases
were grouped under WHO II. Although 11 patients (7.3%)
were diagnosed as WHO I, all of them were either
poorly differentiated or moderately differentiated
squamous cell carcinoma. There was no case of well
differentiated squamous cell carcinoma in this series.
Also, there were often foci of more than one histological
type of carcinoma in the same biopsy as reported
earlier (Prathap et al., 1983).

Results of histological examination of biopsy
specimens, obtained from three sites separately (2 FOR
and the roof), in those 19 cases where macroscopically it
was difficult to identify the tumour tissue, revealed
certain rather interesting features. There were 12
cases (63.7%) in which the lesions involved the two
fossa separately, with the intervening roof or the
postero-superior wall free from tumour. In the other
seven cases (36.3%), in addition to the roof, there
was tumour mass in one (4 cases) or both (3 cases)
fossae. In none of these cases was tissue from only
the roof positive for NPC.

DISCUSSION

In the past, the site of origin of NPC was
determined by simple clinical and macroscopic
observation of the nasopharynx. Due to the difficult
anatomical location, this area has been termed as a
"blind spot" (Cantrill and Buschke, 1946), an "unknown
region" (Hickley, 1951) and a "hidden cavity" (Davies,
1948). As such, the observations were not accurate.
However, recently, due to the the use of fibrescopes
and or telescopes, this concept is changing, and one
can now inspect these areas in great detail. Even
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FIGURE 3 - Small tumour (T) confined to right FOR.
Left E. tube, torus and FOR quite normal.

FIGURE 4 - Bigger tumour (T) from (L) FOR distorting the
torus and blocking the tube. Opposite side normal
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very small lesions can be identified and biopsy
specimen can be taken for histopathological examination.
As a result of these examinations, the number of so-
called occult primary NPC has now dropped tremendously
in our facilities. In fact, there were only 3 such
cases in this series. More and more, early lesions
involving only the depth of FOR (65 out of 150) are
being diagnosed. Close study of these early lesions
has helped to determine the site of origin of lesions
in such cases. This was supported by the study of the
C.T. scan. The C.T. imaging clearly demonstrated the
details of soft tissue abnomality, even if they were
submucosal and very minimal in extent.

In all those cases in which the clinicians
observed the lesion to be along the postero-superior
wall, C.T. scan revealed the distortion of FOR. In
fact, when biopsies were obtained from multiple sites,
in 12 out of 19 cases, both FOR were histologically
positive for NPC. Thus with the application of new
tools 1ike C.T. scanning and fibrescopy, it was
possible to establish that the FOR is the site of
origin of all NPC.

Regarding its significance in the pathogenesis
of NPC, while we know that these tumours originate
from the epithelial cells (Prasad, 1974, 1978) and
EBV is associated with them, we suggest that there is
an interaction between the basal (totipotent) layer
of these cells 1ining the FOR and the subepithelial
(EBV-containing) lymphocytes, which are in close
proximity at this site. Both are subjected to the
effects of environmental agents more easily at this
location (FOR being a recess).
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When carcino-embryonic antigen (CEA) was discovered
in carcinoma of the colon and fetal colon mucosa (Gold and
Friedman, 1965), it was thought to be a specific antigen
and also a specific marker of human digestive system and
its carcinomas. Since then, additional case reports indi-
cated that CEA was also present in carcinoma of various
organs such as lung, breast, ovary, uterine cervix, and
urinary bladder. Thus far no report has evaluated the
nasopharynx, where EBV appears to replicate, or nasopharyn-
geal carcinoma, which is suspected of being caused by EBV.
With the use of the immunoperoxidase method, the presence
and the distribution of CEA in nasopharyngeal epithelium
in relation to inflammation and carcinomatous change were
studied in our laboratory.

MATERIALS AND METHODS

Nasopharyngeal biopsy specimens from 52 cases of
chronic nasopharyngitis and 94 cases of untreated naso-
pharyngeal carcinoma were collected. Tissues were
routinely fixed in 10% neutral buffered formalin and
paraffin-embedded. 5u-thick sections were prepared for
H+E stain and also for immunohistochemical staining.

The peroxidase-anti-peroxidase (PAP) immunohisto-
chemical staining technique of Sternberger was performed;
rabbit anti-human CEA as primary antibody, goat anti-rabbit
serum as linking antibody and rabbit peroxidase-antiperoxi-
dase complex as the final step. All reagents and anti-
bodies were supplied by Immulok, CA, USA. Slides were
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immersed in 37 hydrogen peroxidase for 5 minutes and also
in swine serum for 20 minutes prior to staining procedure.
After completion of the immunologic staining, slides were
counterstained with Mayer's hematoxylin.

Negative and positive controls were employed. The
negative control was performed by substituting nonspecific
rabbit serum for the primary antibody. The negative con-—
trol was always negative. The positive control specimen
was an adenocarcinoma of the colon which was strongly posi-
tive for anti-CEA antibody with the immunoperoxidase stain.

RESULTS AND DISCUSSION

Distribution of CEA in nasopharyngeal epithelium

Among 52 cases of chronic nasopharyngitis, the naso-
pharyngeal mucosa of 42 cases was overlined by pseudo-
stratified ciliated columnal epithelium with 15 cases
(53.7%) showing a positive CEA reaction. It appeared to
be brownish granular or globular in shape and continuous
or scattered in distribution more along the distal portion
or free end of the epithelial cells. 1Its close association
with inflammation in the nasopharynx was obvious as no CEA
was demonstrated in ten biopsies of mild nasopharyngitis
but CEA was found more often when inflammation became
prominent (15/32 or 46.9%). Similar findings were
reported by Goldenberg (1978) on mucosal epithelium of the
colon and Jautzke (1982) on mucosal epithelium of the
urinary bladder.

Stratified squamous epithelium was found in 21 cases.
In the superficial layers of the squamous epithelium, CEA-
like material was present along the cell membrane showing
a linear or honey-comb appearance, and the cells in the
basal layer were spared. It was most likely the keratin
or keratin precursor in the squamous epithelial cells that
crossreacted with anti~CEA antibody.

Non—-specific crossreacting antigen was also present in
the cytoplasm of granulocytes, monocytes and macrophages.

Distribution of CEA in NPC

Among 94 cases of NPC, 27 (28.7%) showed a positive
reaction. According to our National classification of NPC
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proposed in 1979, there were 12 cases in this group class-
ified as well-differentiated and moderately-differentiated
squamous cell carcinoma (so-called keratinizing squamous
cell carcinoma). The frequency of positive reaction in
these two types was 71.47% (5/7) and 40% (2/5) respectively.
As the distribution and the appearance of the brownish
products in the tumors were corresponding to that seen in
the overlying squamous epithelium, it was also considered
as a cross-reacting phenomenon of keratin and keratin
precursor with anti-CEA antibody. The incidence of CEA
in poorly-differentiated adenocarcinoma (53.8%, 7/13) was
much higher than that in poorly-differentiated squamous
cell carcinoma (17.6%, 9/51) (p<0.05). Either from the
histogenic and morphologic standpoint or antigenic stand-
point, we believe that they are two different types of
tumors but tumors composed of mixture of various types of
tumor cells are not uncommon in this area.

In comparison with the undifferentiated type of NPC,
the incidence of CEA in vesiculo-nuclear cell carcinoma
(VNCC) was slightly higher (25%, 3/12) but lower than
the other types. As in our previous studies, the present
observation again suggests that VNCC is different from
undifferentiated type of nasopharyngeal carcinoma. It
is a poorly-differentiated carcinoma originating from the
cells at the basal layer of either types of nasopharyngeal
epithelium including transitional epithelium with the
potential for biphasic differentiation.

From the group of 77 non-keratinizing NPC, we found
that the incidence of CEA increased correspondingly with
extension and dissemination of the tumor mass (Table 1).
Furthermore, from 26 cases with follow—up data after radio-
therapy, the 5-year survival rate in CEA+ ones was 21.4%
(3/14) and in CEA™ it was 41.7% (5/12).

Table 1: Relationship between CEA and Clinical Stages of
Non-keratinizing Carcinoma of Nasopharynx

CEAT
No. of Cases No. of Cases %
To 28 6 21.4
T — T4 50 17 34.0
Ng 16 3 18.8

Np - N3 62 20 32.3
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CONCLUSION

The results of this study suggest that CEA is present
in nasopharyngeal mucosa with inflammation and in some
nasopharyngeal carcinomas. Until monoclonal anti-CEA
antibodies for identification of the different antigenic
determinants of CEA become available, CEA as a tumor
marker of NPC is not specific but it may help in detection
of tumour dissemination and predict the therapeutic effect
and prognosis of NPC patients.
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SUMMARY

HLA typing of 76 low-risk patients with malignant
tumors of the nasopharynx (n = 65) and histomorphological-
ly identical carcinomas of the mesopharyngeal region
(n = 11) showed no significantly different frequency of
any HLA-antigen. A slight elevation of B-27 was shown for
so—called lympholepithelial carcinomas of the nasopharyn—
geal region. Neither HLA Bw46 (Sin-2) nor any other NPC-
linked antigen of high-risk groups has been found in our
patients. Apparently, susceptibility to NPC in the Cauca-
sian ethnic group is neither determined nor codetermined
by class I antigens of the HLA system.

INTRODUCTION

Nasopharyngeal carcinoma (NPC) is the most important
malignant tumor in Southeast Asia. Although previously
reported incidence rates in Germany (Waterhouse et al.,
1976) are low (Table 1), data from our own prospective
study (1979-1983), show markedly elevated rates (Fig. 1).
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Table 1: 1Incidence of NPC in Germany. Compared to the
data of Waterhouse et al., 1976*, Cologne data
(Bertram and Stutzer, 1984 - unpublished)*#* show
a significantly higher rate for males. n.i. = no
incidence for whole FRG known.

LOCATION INCIDENCE

German Democratic Republic¥*

Federal Republic of Germany (FRG) n.i
Saarland, FRG* 0.4
Hamburg, FRG* 0.1
Cologne, FRG** 1.1

Figure 1: Age adjusted incidence rates in German
Caucasians (Cologne). Incidence rates have been
standardized according to the population of North-
Rhine-Westfalia, FRG (December 1lst, 1981).

In high-risk areas the prognosis of the tumor is
strongly associated with the incidence of HLA Bw46
and other antigens of the different HLA loci (Simons
et al., 1974 and 1975; Chan and Simons, 1977; Chan et
al., S, 1983). Comparable findings of HLA-association  for
low-risk tumor patients have not been found up to now
(Kruger et al., 1981; Beigel et al., 1983).
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MATERIALS AND METHODS

All NPC-patients (n = 57) and controls (n = 19 with
tumors and n = 800 healthy persons) were of Caucasian
ethnic group. Data of a high-risk control group are those
of Simons et al., 1978. Histologic classification of all
patients with malignant nasopharyngeal and mesopharyngeal
tumors followed the criteria of Rappaport (1966), Lennert
(1978), Shanmugaratnam and Sobin (1978), and Krueger and
Wustrow (1981). The 57 NPC patients can be subdivided
into groups of 39 patients with so—called lymphoepithelial
carcinoma and 18 patients with squamous cell carcinoma and
non-keratinizing carcinoma without lymphoid stroma. Tissue
typing was done by the two—-stage microlymphocytotoxicity
test according to the NIH Tissue Typing Manual as described
elsewhere (Kruger et al., 1981). Test sera with high anti-
body titers against Bw46 have been kindly provided by
Dr. S.H. Chan. Phenotype frequencies were compared with
those of a German control population (Lenhard, 1979) by
Fisher's Exact Test.

RESULTS

The frequencies of locus A and B antigens among NPC
and mesopharyngeal tumor patients are shown in table 2.
The incidence of the tested antigens was rather similar
in our groups as compared to Lenhard's controls. Antigens
with significant differences among patients of low- and
high-risk regions and their corresponding controls are
given in table 3. Bw46, A-2, A-11, and B-17 antigens,
which are changed significantly in patients in high-risk
regions (Chan and Simons, 1977, Chan et al., 1983, Simons
et al., 1974, 1975, and 1978), showed no aberrations in
our low-risk area patients. An elevation of A-3 and B-5,
apparently elevated in our first study (Kruger et al.,
1981), was not confirmed in the present study.

DISCUSSION

The results of investigators of patients in high-
risk regions demonstrate that HLA antigens play a role
in determining both susceptibility for NPC and prognosis
(Chan et al., 1983; Simons et al., 1975 and 1978). Former
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ANTIGENS COLOGNE CHINESE
all NPC| lymphoepithelial
tumors
NPC mesoph. r. |NPC
(n=57) (n=39) (n=11) (n=141)
AT 16757 8/39 3/11 /141
A2 28 17 6 g6 P
A3 25 18 L 1
A9 11 9 é 47
A10 5 5 2 13
A11 3 3 2 57 P
Aw19 é é é 22
A28 2 1 é é
A29 2 2 2 1
Aw30/31 4 2 é ¢
Aw32 7 6 é é
blank 11 7 3 52
B5 17/57 10/39 2/11 19/141
B7 19 10 2 1
B8 12 5 4 1
B12 11 10 L 2
B13 1 1 1 19
B14 4 3 8 8
B15 5 5 3 26
Bw16 2 1 1 14
B17 5 4 1 40 P
B18 A 4 é 1
Bw21 3 3 8 8
Bw22 2 2 é 9
B27 3 g P ¢ 4
Bw35 4 4 1 8
B37 3 3 é 2
B40 7 4 2 53
Bwi 1 1 1 1 é
Bw/6 8 ) 8 48 P
blank | 11 8 1 37

Table 2: Frequency of HLA antigens among low-risk
and high-risk patients. * according to data
from SIMONS et al., 1978; p marks significant
changes in frequency compared to the frequency
in healthy controls.
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investigations (Kruger et al., 1981) of patients in a low—
risk area showed that susceptibility to NPC might be
associated with certain HLA antigens, too. These findings
have not been confirmed in this study. In NPC patients
outside of high-risk regions HLA-Bw46 has never been
found. Other antigens associated with NPC-prognosis in
Southeast Asia show normal frequencies in patients as

well as in healthy controls within our low-risk region.

Table 3: Comparison of data of the significantly altered
and other important antigens in NPC patients.
% frequency of antigens; p significance; * significant
only for patients with so-called lymphoepithelial
carcinoma.

ANTIGENS AREA
high-risk low-risk
% P % P
A2 61.0 0.064 49.1
A3 1.0 43.8
All 40.4 0.004 5.3
B5 13.5 29.8
B13 13.5 1.8
B17 28.4 0.02 8.8
B27 2.8 (5.2)* 0.045%*
Bw46 34.0 0.008 0.0
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Epstein-Barr Virus (EBV) is believed to be an
important etiologic agent of nasopharyngeal cancers (NPC)
especially of the anaplastic type since (i) NPC cells
invariably harbor EBV (Wolf et al., 1975; Huang et al.,
1974; Xlein et al., 1974); (ii) EBV is believed to be a
cause of human B lymphocyte tumors (Epstein and Achong,
1978); (iii) the immune response to EBV infection is
predictive of NPC development and of prognosis (Henle et
al., 1970; Zeng et al., 1980; Pearson et al., 1984); and
(iv) most NPC tumors originate from an unique anatomic site
where there is closest proximity between lymphoid cells in
which EBV is latent and epithelial cells in which tumor
originates (Prasad 1981). Because of difficulties in
infecting epithelial cells with EBV and in propagating NPC
cells in vitro, current knowledge of EBV-induced cell
proliferation comes mostly from the human B-lymphocyte
tumor model. Not only is EBV almost always present in
Burkitt lymphoma cells (Nonoyama et al., 1973; Lindahl et
al., 1974); but also, virus infection of lymphocytes in
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vitro leads to cell proliferation (Henle et al., 1967; Pope
et al., 1968), virus-infected cells from tumors in nonhuman
primates (Miller et al., 1977), and virus-transformed cells
of varying stages of oncogenic potential can be grown in
continuous culture (Nilsson 1971). Thus, the biochemistry
of EBV persistence and gene expression in lymphoid cells
has been amenable to investigation. Some biochemical
analyses have also been done of human NPC biopsy specimens
and of NPC cells passaged in nude mice (Klein et al., 1974;
Raab-Traub 1983). The purpose of this brief overview is to
describe current knowledge of virus persistence and virus
gene expression in growth transformed or malignant
lymphocyte or NPC cells and to indicate some important
areas for future research.

INTRACELLULAR EBV GENOMES

The virion EBV genome is a linear double-strand DNA
molecule with nonrandom single-strand breaks (Pritchett et
al., 1975). The entire genome has been cloned (Given and
Kieff 1978; Dambaugh et al., 1980) and sequenced (Baer et
al., 1984). The genome is 170 kbp. There are unique and
tandemly repeated DNA elements. Since the number of tandem
repeats varies among different EBV isolates and among
different molecules of a given isolate, it is useful to
consider the genome as being organized as TR-Ul-IR1-U2-IR2-
U3-IR3-U4-IR4-U5-TR where TR are direct-tandem 550 bp
repeats (Given et al., 1979); IR1l, 2 and 4 are direct 3072,
125, and 103 bp repeats respectively (Cheung and Kieff
1982, Dambaugh and Kieff 1982); IR3 is a repeat array of
three nucleotide triplets, GGG, GCA and GGA (Heller et al.,
1982b); and U1, U2, U3, U4 and U5 are largely unique DNA
domains of 10, 3, 59, 40, and 30 kbp respectively. 1IR3 is
one part of the EBV genome which may have originated in
cell DNA since there are similar triplet nucleotide repeat
arrays in cell DNA (Heller et al., 1982a, 1985). Although
there is restriction endonuclease polymorphism among EBV
isolates, studies of EBV DNA from widely different
populations reveal little evidence for significant strain
differences (Heller et al., 1981; Raab-Traub et al., 1980;
Bornkamm et al., 1980). An exception is in the EBV U2
domain which varies widely among isolates (King et al.,
1982; NDambaugh et al., 1984). Even in this instance, the
variation does not correlate with the biologic or
geographic origin.
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Following infection of B lymphocytes by EBV, in vitro
or in vivo, the virus persists in proliferating cells in a
latent state from which it can be reactivated. The
latently infected proliferating cells usually contain more
than one copy of the complete EBV genome (Nonoyama and
Pagano 1971). EBV DNA is heavily methylated in contrast to
virion DNA which is not methylated (Xintner and Sugden
1981). Most EBV DNA molecules in cells with multiple
copies are not linked to cell DNA (Nonoyama and Pagano
1972). These EBV DNA molecules are maintained as
covalently closed circular episomes (Lindahl et al., 1976).
The episomes are formed by covalent linkage between TR's at
each end of the DNA (Dambaugh et al., 1980). It is not
known if the process involves homologous recombination or
end ligation of TR's cleaved at a specific nucleotide
sequence. Defective EBV DNA molecules are also frequently
found in latently infected cell lines which have been
passaged extensively in vitro (Heller et al., 198l). These
defective molecules a;zhcharacteristically deleted for
parts of the genome. 1t has not been established whether
the deleted molecules are maintained as episomes or are
integrated into cell DNA.

Analysis of cells for integrated EBV DNA is usually
complicated by the presence of episomes. Attempts to
demonstrate covalent linkage of viral and cell DNA by
isopycnic centrifugation and cell hybridization yielded
conflicting data. 1In situ chromosome cytological
hybridizations with cloned probes representative of most of
the EBV genome demonstrated that most or all of the genome
is linked to chromosomal sites; 4q25 on one homologue of
chromosome 5 of the IB4 cell line and 1P35 on one homologue
of chromosome 1 of the Namalwa cell line (Henderson et al.,
1983). Namalwa is a latently infected African Burkitt
tumor cell line which contains only one copy of EBV DNA.
The IB4 cell line, established by infection and growth
transformation of normal fetal lymphocytes with EBV,
contains several episomal copies of EBV DNA. The IR3
repeat which has homology to cell DNA did not mediate
integration in Namalwa or IB4 cells.

To investigate the organization of EBV DNA in Namalwa
and IB4 cells (Matsuo et al., 1984), labeled cloned EcoRi
fragments of EBV DNA representative of more than 907 of the
EBV genome were hybridized to Southern blots of EcoRI
fragments of Namalwa and IB4 DNA. The EBV EcoRI, A, B, C,
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E, F, H, J and X fragment probes hybridize to only a single
EcoRI fragment in Namalwa and IB4 cells. EcoRI I also
hybridized to a single fragment in Namalwa DNA. The size
of the fragments identified with these probes is the size
expected for fragments of the standard EBV genome in the
case of Namalwa and for the deleted EBV genome in the case
of IB4. (IB4 is infected with the B95-8 isolate of EBV
which has a smaller EcoRI C fragment.) These data indicate
that these parts of the EBV genome in Namalwa and IB4 cells
are probably organized similarly to linear virion DNA; and,
that these fragments are unlikely to have recombined with
cell DNA. The EcoRI-D het fragment, which is formed by
covalent linkage of the terminal EcoRI fragments of
episomal EBV DNA, hybridizes to two Namalwa EcoRI fragments
and several IB4 EcoRI fragments. The Namalwa fragments are
18 and 5 kb, while the IB4 fragments range from 12-18 kb
and one fragment is 28 kb. Variation frequently occurs at
the ends of EBV DNA due to heterogeneity in the number of
copies of TR. Some of the IB4 EcoRI-D het fragments of 12-
18 kb could be fragments of episomal EBV DNA. However, TR
reiteration would be an unlikely explanation for the 28 kb
IB4 fragment since the TR unit is only 550 bp. These data
therefore suggest that the ends of EBV may have recombined
with cell DNAs.

Episome joined ends can be distinguished from free
ends or ends joined to cell DNA by examining the linkage of
US and Ul. EcoRI, BamHI, BglII and PstI restriction
endonucleases do not cleave within TR and therefore
generate fragments from episomes in which part of U5 is
linked to TR and Ul (Figure 1). TR probe identified two
Namalwa fragments. One putative junction fragment (JU5)
hybridizes to U5 and not Ul; while the second (JUl)
hybridizes to Ul and U5. The IB4 results are more
complicated. In this instance, all BglII, BamHI and Pstl
fragments identified by TR also hybridized to U5 and to the
Ul probe, EcoRI I, indicating that TR had not recombined
with cell DNA. Further, although there is no BglII site in
EBV DNA between EcoRI I and EcoRI J, EcoRI I and J have
become unlinked in some IB4 EBV DNA molecules and not in
others. EcoRI I, TR and U5 hybridize to the same IB4 BglII
fragments. EcoRI J hybridizes to some of these fragments
as is expected for EBV episomes (designated Epi in Figure
1B); but not to others (designated JUSTRU1l, for a putative
juncture fragment). Similar data were obtained with Pstl
confirming a disassociation of EcoRI I and J. If the
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Fig. 1. (A) EBV DNA. TR, terminal repeat region; U,
single-copy domains; IR, internal repeats; A to K, EcoRI
fragments used as probes. (B) Recombinant clones. The
EcoRI D probe includes the left and right terminal EcoRI
fragments of linear virion DNA and hybridizes to two
Namalwa EcoRI fragments designated LJ and SJ. The plasmid
subclone pLJ 13.3 was derived from a lambda clone, LJ 13.1
of Namalwa LJ DNA. Similar designations are used for SJ
and for clones of the homologous DNA's from the uninfected
cells LJT and SJT. Ava II restriction endonuclease sites
are indicated by thick arrows; all other restriction
endonuclease sites are indicated by thin arrows. (C) The
Namalwa-EBV integration. "Del” indicates cell DNA deleted
at the site of EBV integration. The dark vertical lines
and triangles indicate the 236 base pairs of cell DNA which
becomes duplicated at an EBV cell DNA juncture site.
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disassocation were due to recombination with cell DNA,
EcoRI I or J should hybridize to three fragments; a
standard EcoRI fragment from episomal EBV DNA molecules and
to the two parts of EcoRI I or J which had recombined with
cell DNA. EcoRI J hybridizes to only one fragment the size
of EcoRI J. EcoRI I hybridizes to at least two fragments
other than a standard EcoRI I fragment. A small fragment
is identified only with EcoRI I and could be a simple
junction with cell DNA. The other fragments are large
putative juncture fragments which hybridize to TR and U5 as
well as EcoRI I. Since there should be an EcoRI site
between TR and EcoRI, these data also indicate that there
has been a rearrangement of viral DNA within the large
putative juncture fragment.

Two independent lambda clones of the large putative
Namalwa junction fragment, four independent clones of the
small (designated LJ and SJ in Figure 1B) and at least
three independent clones of each of the homologous sites
from a library of human cell DNA clones (designated LJT and
SJT respectively in Figure 1B) were characterized so as to
determine the DNA sequences which had recombined and to
minimize possible cloning artifacts. Comparison of the
restriction endonuclease digests of the cloned Namalwa LJ
and SJ EcoRI fragments with digests of the cloned EcoRI
ends of EBV DNA indicates that the U5-TR portion of LJ DNA
and the Ul-TR portion of SJ DNA are colinear with the
corresponding ends of linear EBV DNA. The rest of the LJ
or SJ DNA has no homology to EBV but is identical between
the two LJ clones or among the four SJ clones (Figure 2B).
This putative cell component of LJ hybridizes to a 3.5 kb
EcoRI fragment common among 4 of the 5 recombination target
site clones which were selected from a human cell DNA
library (Lawn et al., 1978) using the LJ probe. Restric-
tion endonuclease analyses and blot hybridizations indicate
that the 3.5 kb cell target site EcoRI fragment, designated
LJT, is colinear with the cell DNA component of Namalwa LJ.
Similarly, restriction endonuclease and blot analyses
reveal that about 2.8 kb of the SJ target site EcoRI
fragment is colinear with SJ cell DNA.

The 3.5 kb LJT EcoRI fragment does not hybridize to
SJT DNA and the 3.7 kb SJT target site EcoRI fragment does
not hybridize to LJT DNA. Thus, the cell sequences with
which EBV has recombined are not immediately adjacent to
each other in uninfected cell DNA. 1In addition, LJT DNA
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Fig. 2. Sequence of the Namalwa-EBV junction sites (SJ and
LJ) and of the unrecombined sites for normal cells (SJT and
LJT). Cell DNA is shown in italic letters. The sequence
shown begins in SJ and SJT cell DNA, proceeds through EBV
TR to an EcoRI site in EBV Ul, begins again in EBV U5, pro-
ceeds through EBV TR, and ends at the HindIII cell DNA site
in LJ and LJT. The dark triangles show the limits of an
Alu homologous region in SJ and SJT. Continuous underlines
indicate the 236-base-pair part of LJT, which is duplicated
at the junction between EBV TR and SJ cell DNA. The dark
arrows indicate junctions between EBV TR and cell DNA and
open arrows indicate junctions between EBV TR and EBV U5 or
Ul. The single-dashed underlines indicate the 10-nucleo-
tide direct repeat which brackets the EBV TR sequence and
the double-dashed underlines indicate 22 nucleotides of TR
which are homologous to a core sequence within the HSV "a"
sequence. Dots indicate sites of variability among tandem
copies of EBV TR in Namalwa. All sequences were analyzed
for intra-and intersequence homology and compared to the
Genbank databank.
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does not hybridize to any of the surrounding EcoRI frag-
ments in the lambda SJT clones, and SJT DNA does not hy-
bridize to any fragments in the lambda LJT clones. The
average insert of human DNA in the phage library is 15-20
kb (Lawn et al., 1978). EBV integration in Namalwa has
therefore been accompanied by a deletion of more than 15 kb
of host DNA. Since there is no heterogeneity among the
Namalwa integration fragments in Southern analysis, the
deletion probably occurred during EBV insertion and was not
a subsequent event during continuous Namalwa cell culture.
Secondary events could account for some of the hetero-
geneity in putative TR-cell junction fragments in IB4.

The nucleotide sequence of the Namalwa EBV-cell DNA
junction sites (SJ and LJ) was compared to the prototype
EBV DNA sequence (Baer et al., 1984) and to the unrecom-
bined sites (SJT and LJT) of normal cell DNA (Figure 2).
The nucleotide sequence of the cell DNA component of the
Namalwa small junction fragment was nearly identical to
that of the homologous site from cell DNA up to a point 236
nucleotides away from the juncture with TR. The sequence
in common between SJ and SJT includes a 146 bp homlogue of
the Alu family (bracketed by dark triangles in Figure 2).
The 236 bp SJ segment not common to SJT is also not homo-
logous to EBV DNA nor to any DNA within the lambda SJT
clones. This 236 nucleotide sequence (indicated by under-
line in Figure 2) hybridizes to a LJT cell DNA sequence
which maps 1.2 kb away from the EBV-cell junction site
within an internal HincII fragment of the HindIII-EcoRI
cell DNA of LJ and LJT. At the point of recombination
between the 236 bp LJT sequence and SJT there are similar
nucleotide sequences, CAT(G or C)CCA. One nucleotide
further in SJT is a sequence CTAAA which is homologous to
the sequence CTAAAACAG at the end of the 236 bp DNA segment
where it joins EBV TR. Notably, "TAAA" is also in cell DNA
next to the site of joining with TR at the other end of EBV
DNA. The cell DNA for 50 nucleotides on both sides of the
integration site is unusually AT rich (75%). There is no
homology between the TR sequence and any of the LJT
sequence or SJT shown in Figure 2. The sequence of Namalwa
cell DNA joined to the Namalwa LJ TR is identical to the
same site in normal cell DNA (Figure 2). Since the
junctions of TR with cell DNA (indicated by black arrows in
Figure 2) are not at the same site in TR, it is likely that
part of TR was deleted during integration.
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Relative to the start of TR at the U5-TR junction, the
first 11 nucleotides of TR are directly repeated at the TR-
Ul junction (junctions indicated by open arrows in Figure
2). The EBV TR sequence is similar in this regard to the
terminal repeat "a" sequence in herpes simplex (HSV) DNA
(Mocarski and Roizman, 1981, 1982a and b). Both sequences
are G-C rich, have oligo dG and oligo dC domains, and are
bracketed by short terminal direct repeats. The herpes
simplex terminal direct repeat, is the site of cleavage for
isomerization and packaging of HSV DNA (Mocarski and
Roizman, 1981, 1982a & b). Also, near the short EBV
terminal direct repeat is a sequence GGCCCCCAGGAAAGACCCCCGG
which has homology to a highly conserved domain of the

herpes simplex "a" sequence (Niza Frenkel, unpublished
observations).

These data and previously published in situ chromosome
hybridizations demonstrate that integration can be the sole
mechanism for intracellular virus persistence. Further,
these data suggest that EBV DNA integrated into Namalwa
cells from a linear format and that integration could be
site specific for sequence in TR. The EBV TR is similar to
the herpes simplex "a" sequence which is known to be speci-
fically cleaved for isomerization and packaging. Further
evidence in support of site specificity within TR could
come from determination of the nucleotide sequences of
other integration sites and of the ends of virion EBV DNA.
Moreover, Namalwa EBV integration is by nonhomologous re-
combination as is characteristic of previously described
viral DNA integrations. A search of the TR and surrounding
Namalwa cell sequences revealed no significant dyad symme-
try as is noted in some DNAs involved in illegitimate re-
combination. There is also deletion and duplication of
cell DNA at the site of Namalwa EBV cell DNA recombination
as have been recognized near sites of integration of
smaller viral DNAs.

In IB4 cells, EBV DNA persists, both integrated on
chromosome 4Q25 and as episomes. The coexistence of epi-
somes and integrated EBV DNA in IB4 cells is similar to
some cells infected with Papilloma viruses. Further, in
IB4, the EBV genome may have integrated from an episomal
format since unique DNAs from the left and right ends of
linear viral DNA are closely linked in integrated DNA as
they would be in episomes. These data also suggest that
EBV integration in IB4 cells is mediated by EcoRI I, not be
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TR. However, the data are confounded by the rearrangement
of EBV DNA EcoRI I and TR sequences at the site of
integration.

Integration could be signficant to growth transforming
and oncogenic properties of EBV if it has a cis effect on
expression of adjacent cellular or viral genes as has been
demonstrated with retroviruses. Chromosome 8 rearrange-
ments altering expression of c myc are characteristic of
malignant B cells. However, there is no apparent direct
relationship between EBV integration on Namalwa chromosome
1 and the Namalwa 8:14 translocation. Further, although B
lym is activated in Burkitt tumor cells and maps near the
site of integration by chromosome cytological hybridiza-
tions (Diamond et al., 1983; Morton et al., 1984), we have
demonstrated that B lym is not within 15 kb of the Namalwa
integration site making it unlikely that integration has
altered expression of this gene. Moreover, comparison of
the Namalwa SJT and LJT sequences with cellular sequences
in the Genbank databank as of March 1984 revealed no homo-
logy to known cell genes other than the Alu homology indi-
cated in Figure 2. Thus the biologic significance of EBV
integration will only be evident from further studies of
EBV integration in human cells.

EXPRESSION OF LATENT EBV GENOMES

Replication of EBV is incompatible with persistent
infection since EBV kills cells early in its replicative
cycle. Lymphocytes whose growth in vitro has been en-
hanced by EBV infection usually show no evidence of virus
replication. These cells contain a new intranuclear anti-
gen, EBNA (Reedman and Klein 1973), and a new plasma mem-
brane antigen, LYDMA (Svedmyr and Jondal 1975). EBNA is
present in all Burkitt tumor lymphoblasts and in all NPC
cells (Lindahl et al., 1974). Since detection of LYDMA is
dependent on a functional test using cells growing in
vitro, it is not known whether NPC cells express LYDMA.
Three EBV genes are expressed in latently infected lym-
phocytes and probably also in NPC cells. These three genes
are widely separate in the EBV genome and have been desig-
nated LT1, LT 2 and LT3 (Kieff et al., 1984, 1985). A
fourth region encodes two small nonpolyadenylated polymer-
ase 3 transcripts which are similar to adeno VA RNAs in
structure and transcription (King et al., 1981; Rosa et
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al., 1981) and function, in adenovirus replication (Bhat
and Thimmappaya 1983). These VA-like RNAs can replace ade-
novirus VA RNA. They could facilitate translation of EBV
RNAs in latently as well as productively infected cells.

The LTl gene includes the EBV DNA IRl and U2 domains
(Powell et al., 1979; King et al., 1980, 198l; van Santen
et al., 1981, 1983; Cheung and Kieff 1982; Dambaugh et al.,
1984; Hennessy and Kieff 1985). The principal RNA tran-
scribed from this gene in latently infected cells includes
multiple copies of IRl and terminates at a polyadenylation
site in U2. There is a promoter in each copy of IRl which
could be the promoter for transcription of this RNA. The
cytoplasmic, putative messenger, RNA is a 3 kb spliced pro-
duct of the primary transcript. There are approximately
three copies of this RNA in the cell cytoplasm. The RNA is
extensively spliced. Two contiguous and probably continu-
ous RNA protected DNA segments have been defined in the 1.6
kb 3' to the polyadenylation site. This exon (assuming
continuity) coincides with a 1.5 kb open reading frame.

The open reading frame encodes most or all of a 88 kda
nuclear protein, EBNA2 (Dambaugh et al., 1984; Hennessy and
Kieff, 1983, 1985). Thus, differences among EBV isolates
in the length of a repeat region in the open reading frame
correlate with differences in size of a nuclear protein de-
tected with EBV immune human sera; and, antiserum raised in
rabbits to a protein made in E. coli from the central part
of the open reading frame identify a 88 kda nuclear protein
in all latently infected cells. An "ATCATG" near the be-
ginning of the open reading frame has the characteristics
of an initiation codon (Kozak 1984). Either of two poten-
tial splice acceptor sites 5' to the ATCATG but still with-
in the open reading frame are likely to join the open read-
ing frame to as yet unidentified 5' exons which could pro-
vide the amino terminus of the protein; or could be part of
a long 5' untranslated leader. The open reading frame 3'
to the putative initiation codon only encodes for a 53 kda
protein. However, the discrepancy between this and 88 kda
apparent size of EBNA2 is not unusual for a protein of such
high proline content as is encoded by the open reading frame.
The complete amino acid sequence of the open reading frame
of two EBV isolates B95-8 and AG876 beginning with the
initator methionine is shown in Figure 3. Interesting
features of the protein are (1) a polyproline domain, (2)
domains of positively charged AA alternating with noncharged
AA and (3) a negatively charged carboxy terminus.
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Fig. 3. Comparison of B95-8 and AG876 U2 reading frames and
translation products. Panels A and B are schematic diagrams
of the B95-8 and AG876 U2 regions indicating by vertical
lines the positions of termination codons in the three pos-
sible reading frames for the 5' to 3' sense strand of DNA.
The location of two consecutive polyadenylation signals is
indicated by the vertical arrow. The open boxes show the
position of an imperfect 105 bp repeat represented twice in
AG876 U2 and once in B95-8 U2. 1IR2d represents the 38 bp
partial copy of the IR2 sequence adjacent to U2. IR2(n)
signifies a variable number of direct tandem copies of the
IR2 seqence; in B95-8, n = 11; for AG876, n = 13. Panel C is
the translation of the longest opening frame, the possible
initiator methionine is indicated by an asterisk. Indicated
underneath the B95-8 AA sequence is the AA predicted for the
same open reading frame for AG876 EBV. Dashes indicate
deleted amino acids after maximal alignment of the DNA and
amino acid sequences. Coordinates indicated are for the
B95-8 amino acid sequence.

The LTl gene is important in initiation of growth
transformation. First, P3HR-1 virus which is deleted for
the U2 domain of LTl is incapable of initiating growth
transformation (Miller et al., 1974; Ragona et al., 1980).
Recombinants between P3HR-1 and other EBV isolates which
are capable of initiating growth transformation have all re-
gained a U2 domain (Skare, Fresen and Strominger, personal
communication). Second, transfections of lymphocytes with



233

U2 DNA transiently induces DNA synthesis (Volsky et al.,
1984).

The LT2 gene includes the right end of U3, IR3 and the
left end of U4 (Heller et al., 1982b; Summers et al., 1982;
Hennessy et al., 1983; Hennessy and Kieff 1983). This gene
encodes 3 copies of a 3.7 kb cytoplasmic RNA in each
latently infected cell (van Santen et al., 1981; Heller et
al., 1982b; Hennessy et al., 1983). The 3.7 kb RNA is
spliced. A 2 kb exon is at its 3' end. The 5' exons have
not been mapped. The 2 kb exon contains a single long open
reading frame and a short untranslated 3' tail (Heller et
al., 1982b; Baer et al., 1984). The open reading frame is
translated into the EBNA 1 protein. Thus EBV immune human
antisera which contain antibody against the EBNA protein
react with part of the open reading frame expressed in E.
coli (Hennessy and Kieff 1983); and, antibody raised in
rabbits against the open reading frame expressed in
bacteria react with the EBNAl protein in latently infected
cells (Hennessy and Kieff 1983). Since a DNA fragment
which includes only 600 nucleotides 5' to the open reading
frame when put into SV40 or polyoma expression vectors
expresses a protein of the same size as EBNAl (Summers et
al., 1982; Fischer et al., 1984), it was likely that the
open reading frame encodes the entire protein. This has
been confirmed by fusing the HSV-1 alpha promoter directly
to the open reading frame resulting in expression for EBNAlL
protein of the same size as that found in latently infected
cells (Hummel et al., unpublished observations).

The complete amino acid sequence of the EBNAl protein
is shown in Figure 4. The obvious features of this protein
are domains of postive charged AA alternating with neutral
AA, a glycine alanine copolymer domain encoded by the IR3
DNA repeat and a negatively charged carboxy terminus.
These features are surprisingly similar to those of the EBNA2
protein.

The important biologic function of the EBNAl gene is in
maintaining EBV episomes (Yates et al., 1984; Yates et al.,
personal communication). A cis-acting repeat sequence has
been defined in the Ul domain which is required for
maintenance of episomes in latently infected cells (Yates et
al., 1984). This putative origin of EBV episomal DNA
replication preferentially survives in cells expressing
EBNAl. Thus, EBNAl may be similar to SV40 T antigen in its
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Fig. 4. Amino acid sequence of EBNAl projected from the
nucleotide sequence and reading frame as described in text.
Nucleotides encoding AA 1-383 are from Heller et al. 1982
and those encoding AA 384-642 are from Baer et al., 1984.
The glycine alanine copolymer domain encoded by IR3, the
basic glycine arginine domain and the acidic aspartic acid
glycine domains are underlined.

specific recognition of an origin of DNA replication. Since
EBNAl binds diffusely to chromatin, it may also have a
direct effect on cellular origins of DNA synthesis.

The LT3 gene is the best characterized EBV gene
expressed in latently infected cells since there are at
least 60 copies of the messenger RNA in each cell (van
Santen et al., 1981; 1983; Fennewald et al., 1984). The
entire gene is within U5 near TR (Fennewald et al., 1984;
Hennessy et al., 1984). The message is 2.9 kb and is
spliced. Sixty nucleotides from the cap site of the RNA is
an initiator ATG which begins a 1158 nucleotide open reading
frame which spans three exons. The RNA has a 1700
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nucleotide 3' tail after the end of the open reading frame
which is presumed to be untranslated in latent infection.
The important characteristics of the protein which is
encoded by the open reading frame (Figure 5) are six
markedly hydrophobic potentially trans membrane domains
linked by short peptides, predicted to be reverse turns; a
200 AA markedly acidic carboxy terminus; and, no identifi-
able translocation signal or N linked glycosylation sites.
The carboxy terminal 220 AA encoded by the open reading
frame were synthesized in bacteria, purified and used to
immunize rabbits (Hennessy et al., 1984). The immune rabbit
sera react with a 60 kda protein in the membrane of latently
infected cells. The protein is the same size as that
translated from the RNA in vitro. Immunofluorescent studies
with the rabbit antisera suggest that the carboxy terminus
of the protein is in the inner aspect of the plasma membrane
of latently infected cells. Thus, this protein could be
responsible for the generation of the LYDMA reactivity of
latently infected cells. A schematic diagram of the protein
and its proposed relationship to the phospholipid membrane
bilayer is shown in Figure 5. The 8 AA domains which are
predicted to be on the outer surface of the membrane could
be recognized by immune T cells. However, these domains are
not hydrophilic and may not extend sufficiently beyond the
membrane to be recognized by immune T cells. An alternative
possibility 1is that insertion of the EBV membrane protein
alters the conformation of an adjacent cell membrane
proteins creating the new LYDMA antigen.

The EBV LT3 membrane protein does not resemble these
membrane proteins of acute transforming retroviruses which
are partially homologous to growth factors or growth factor
receptors. Nor is it similar to the "ras" class of pro-
teins. Rather, it resembles proteins with multiple membrane
spanning domains such as the rhodopsins, acetylcholine re-
ceptor, calcium pump protein and erythrocyte membrane band
3. The EBV protein might therefore have an ion transport
function similar to that of these other integral membrane
proteins. Growth transformed cells are known to have al-
tered ion permability; and, calcium affects the prolifera-
tion of lymphocytes. The markedly acidic carboxy terminus
of the protein is also likely to have important biologic
properties by virtue of its binding to cellular cytoskeletal
or enzymatic components or by possessing ATPase or phospho-
protein kinase activity.
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Fig. 5. A model of the EBV protein as it might be situated
in the membrane. The portion of the U5 latent protein ex-
pressed in pKH548 in E. coli is boxed. Charged residues

(+,-) and single letter amino acid designations are indi-
cated.

CONCLUSION

EBV usually persists in cells as complete genome
episomes, but may persist solely in transformed cells as a
complete genome integrated into cell DNA. The finding of
integrated EBV DNA raises the possibility that integration
could have a cis effect on expression of cell or viral
genes which are near the junctions between viral and cell
DNA. Although initial data indicate that EBV does not in-
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tegrate by homologous recombination or at a consistent
site, or near a known oncogene; this should be further in-
vestigated. While further investigation is not likely to
reveal a consistent association between integration and
transformation, it is likely to reveal effects which are
important in individual transforming events. It is highly
likely that integrative persistence is adequate for initia-
tion of growth transformation. Three viral genes are
expressed in latently infected growth transformed cells
(Figure 6). These genes encode two intranuclear proteins
and a membrane p ‘>tein. Mono specific antisera have been
developed and used to identify the proteins in latently
infected cells. Less is known about expression in tumor
tissue (Dambaugh et al., 1979; Raab-Traub et al., 1983),
especially NPC. The functions of these proteins vis a vis
growth transformation and latency are only partially under-
stood. One function of EBNAl is in trans on a putative EBV
ori sequence to permit episome replication. A function of
EBNA2 may be initial stimulation of cell DNA synthesis. In
specifying two nuclear and one membrane protein in transf-
ormed cells, EBV is similar to SV40, polyoma and adeno-
viruses. However, there is no homology between the EBNAL,
EBNA2 or LYDMA proteins and the proteins encoded by these
other viruses. It is likely therefore that identification
of the precise functions of the EBV proteins in lymphocyte
and epithelial cell transformation will lead to insight
into novel mechanisms of cell growth transformation.

The latent cell membrane protein is almost certainly
directly or indirectly responsible for immune cytolysis and
supression of growth of EBV infected lymphocytes by immune
T cells. Aspects of this recognition will require
considerable clarification. Nevertheless, identification
of the protein makes it possible to identify the LYDMA
epitope which should eventually make it feasible to
heighten immunity or to pre-immunize to prevent EBV
infection. This would be a quite novel approach at control
of herpes virus infection. Since LYDMA is usually
expressed on malignant B lymphocytes it may also be
possible to heighten tumor rejection. If the protein is
expressed on the surface of NPC cells, a similar approach
could be contemplated. Moreover, if the epitopes of the
EBV latent membrane protein protrude sufficiently from the
cytoplasmic membrane, they might react with specifically
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Figure 6. Summary of the major latent transcripts and their
protein products. Immediately below a schematic of the EBV
genome is the location of the transcripts characteristic of
EBV latent infection. Both polyadenylated and nonpolyadeny-
lated transcripts are shown. The two nonpolyadenylated
small RNAs encoded by the Ul region are incorporated into
ribonuclear proteins (RNP). Representative Western blots of
proteins from different cell cell lines are shown stained
with antiserum specific to each particular gene product.
Size markers are indicated by dots beside each blot. Below
each blot a photograph of immunostained EBV-infected cells
indicates the products location within the cell.
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directed antibody. If so, the tumor cell could be
specifically attacked by attaching toxins to the antibody.
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SUMMARY

Large Epstein-Barr virus (EBV) DNA restriction fragments
corresponding to regions transcribed in transformed, proliferating
cells were cloned into a cosmid derivative of the dominant-acting
selection vector pSV2-gpt. Recombinant vectors carrying the
EcoRI A fragment of EBV DNA were modified in the region
corresponding to the deletion of the virion DNA in the non-
transforming viral substrain P3HR-1, to create a series of re-
combinants lacking parts of this region. The recombinant vectors
were introduced into 3T3 mouse fibroblasts under selective condi-
tions, and resistant clones shown to contain EBV DNA sequences
were analysed for the expression of EBV-related antigens de-
tectable by direct, indirect, and anticomplement immunofluore-
scence techniques. Cells that contained the BamHI K fragment
expressed a nuclear antigen as expected. It is demonstrated here
that cells transfected with recombinant vectors containing the
major part of the EcoRI A fragment also express a nuclear
antigen detectable with certain anti-EBNA-positive human sera in
anticomplement immunofluorescence tests. This antigen is not
detected in cells transfected with EcoRI A derived vectors where
the BamHI H fragment has been deleted, nor in cells transformed
with vectors carrying the BamHI H fragment alone. Direct and
indirect immunofluorescence did not reveal the presence of
antigens associated with productive infection in any of the EBV
DNA transfected fibroblast clones.
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In this study we address the question whether EBV genome
regions transcribed in transformed, non-virusproducing cells,
other than the BamHI K fragment region, are also involved in the
induction of EBV-associated nuclear antigens. EBV DNA frag-
ments representing these regions were introduced into 3T3 mouse
fibroblast using transducing selectable vectors. Cells transformed
stably with EBV DNA were selected and characterised with regard
to the expression of EBV-related antigens as detected by immuno-
fluorescence techniques. We show here, that cells transfected
with recombinant vectors containing the major part of the EcoRI
A fragment of EBV DNA express a nuclear antlgen that reacts
with certain anti-EBNA-positive human sera in ACIF tests. This
antigen is not present in cells transfected with EcoRI A carrying
vectors where the BamHI H fragment has been deleted.

MATERIAL AND METHODS

Cell Culture, DNA Transfection and Plasmids

NIH 3T3 mouse fibroblasts were obtained from Rudolf Jaenisch,
Hamburg, West Germany. The cells were maintained in Dulbecco-
modified Eagle medium (DMEM) supplemented with 10% fetal calf
serum, penicillin and streptomycin.

Cells from subconfluent monolayers were transfected g’\ suspen-
sion with the appropriate recombinant vector DNA (10° cells/10
ng DNA/mI) using the calcium phosphate-DNA precipitation tech-
nique of Graham and van der Eb (1973) as modified by Shen et al.
(1982). After 3 days in DMEM containing 10% fetal calf serum,
the cells were plated at a density of 2 x 10” cells per 9 cm Petri
dish, and the medium was replaced by DMEM containing 10% fetal
calf serum, xanthine (250ug/ml), mycophenolic acid (8 ug/ml),
hypoxanthine (15 ug/ml), aminopterin (2 pg/ml), and thymidine (10
ug/ml). The medium containing these supplements was changed
the next day and thereafter every 3-4 days. Mycophenolic acid
resistant colonies were isolated with cloning cylinders after 14-21
days. The cloned cells were maintained in Iscove's modification of
Dulbecco's medium (GIBCO) with the same supplements.

Recombinant plasmids containing the EcoRI or BamHI cleavage
fragments of B95-8 EBV DNA were described previously (Arrand
et al., 1981). The plasmids pSV2-gpt and pSV2-gpt/Bgllldel were
obtained from Paul Berg, Stanford University, CA. pSV2-
gpt/Bgllldel is a variant of the pSV2-gpt plasmid where the first
121 nucleotides of the gpt segment including the Bglll cleavage
site have been deleted (Mulligan and Berg, 1981). A cosmid
derivative of pSV2-gpt, designated pSV2-gpt-cos2, was con-
structed as described (Rymo and Klein, submitted for publication).
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Demonstration of EBV-associated Antigens

Early antigen (EA), viral capsid antigen (VCA), and Epstein-Barr
virus-determined nuclear antigen (EBNA) were demonstrated on
fixed cell smears as described earlier (Klein and Dombos, 1973;
Reedman and Klein, 1973).

RESULTS

Construction of Transfection Vectors Containing EBV DNA Se-
quences

A library of cloned restriction enzyme fragments of EBV DNA
covering the whole genome was established earlier (Arrand et al.,
1981). Plasmids containing the EcoRI B and BamHI H, K and M
fragments of B95-8 EBV DNA and the EcoRI Dend fragment of
circular Raji EBV DNA, respectively, were digested with the
appropriate restriction endonucleases, and the excised fragments
were purified on agarose gels and recloned in the dominant-acting
selection vectors pSV2-gpt or pSV2-gpt-cos2 by standard tech-
niques. The EcoRI fragments B and Dgnq containing vectors were
designated pEB-gpt and pEDeng-gpt(Raji) and the BamHI H, K and
M containing vectors pBH-gpt, pBK-gpt and pBM-g_E, respec-
tively.

We wanted to construct a series of deletions in the EcoRI A
fragment involving sequences corresponding to the region which is
deleted in virion DNA from the non-transforming P3HR-1 strain.
Thus a plasmid carrying the EcoRI A fragment was partially
digested with BamHI under conditions which resulted in cleavage
of one BamHI site per molecule on the average. The plasmid DNA
was then digested to completion with EcoRI and the resulting
BamHI—EcoRI fragments were directionally cloned in the vector
pSV2-gpt-cos2 between the EcoRI and the BamHI sites. Recombi-
nant clones that hybridised to the appropriate BamHI fragments
of EBV DNA and to SV40 DNA were characterised further by
small-scale isolation of plasmid DNA and restriction enzyme
analysis. Five clones designated pEAAl-gpt, pEAA2-gpt,
pEAA3-gpt, pEAA4-gpt, and pEAAS5-gpt were selected on the
basis of their EBV DNA BamHI fragment composition and used for
transfection experiments. The pEAA1-gpt clone contains the left
part (on the conventional map) of the EcoRI A fragment up to and
including the BamHI F fragment. The pEAAZ-g_p_ t clone has lost
the BamHI F fragment, the pEAA3-gpt clone the BamHIF and H
fragments, and the pEAA&4-gpt clone the BamHI F, H and Y
fragments as compared to the pEAAlL clone. The pEAAS-_g_E_
clone consists of the right end of the EcoRI A fragment and lacks
the BamHI C part.
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Tranformation of NIH 373 Mouse Fibroblasts with EBV DNA-con-
taining Selection Vectors

The recombinant vectors listed in Table I were introduced into
3T3 mouse fibroblasts by a modification (Shen et al., 1982) of the
calcium phosphate technique of Graham and van der Eb (1973).
Transformants were selected for growth in mycophenolic acid-
containing medium also supplemented with xanthine, hypoxan-
thine, aminopterin, and thymidine. Clones were isolated with
cloning cylinders. Small-scale preparations of cellular DNA from
a large number of clones were analysed with dot hybridisation
(Thomas, 1980) for the presence of EBV DNA sequences. Five
representative EBV DNA-containing clones for each recombinant
selection vector were chosen for analysis of the expression of
EBV-related cellular antigens, except for pEAA3-gpt and
PEAAS-gpt transfected cells where only two and three positive
clones had been abtained, respectively.

Table I summarises the results. Cells transfected with the
BamHI K fragment expressed a nuclear antigen as expected
(Summers et al.,, 1982). We have also found that cells stably
transformed with the recombinant vectors pEAA1-gpt, pEAA2-
gpt, and pEAAS-gpt express a nuclear antigen detectable by
certain anti-EBNA-positive human antisera in ACIF tests. The
nuclear staining pattern of the transformed cells was diffuse and
finely granular, similar to the EBNA pattern of conventionally
stained EBV-transformed lymphoblastoid cell lines and mouse
fibroblasts stably transfected with the BamHI K fragment.
Between 10 and 70% of the cells expressed the nuclear antigen in
the different EcoRI A transfected clones. The intensity of the
nuclear fluorescence varied considerably between different cells
within a certain clone.

The nuclear antigen could not be detected when an antiserum
against a chemically synthesised 14 residue copolymer of glycine
and alanine, the structure of which was deduced from the internal
repeat sequence of the BamHI K fragment (Dillner et al., 1984),
was used in the ACIF test. This antiserum identifies the BamHI K
encoded nuclear antigen and gave a positive staining reaction with
our BamHI K-transfected clones.

Cells transfected with recombinant vectors where EBV DNA
sequences corresponding to the BamHI H fragment (pEAA3-gpt)
or the BamHI H and Y fragments (pPEAA4-gpt) had been deleted,
did not contain antigen in the nucleus, nor did cells transfected
with vectors carrying the BamHI H fragment alone. Cells stably
transfected with the EcoRI D__, fragment, which includes the
third region of the EBV genomer‘:ranscribed in transformed, non-
virusproducing cells, did not contain nuclear antigens detectable
with the ACIF test.
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Table 1. EBV-associated antigens in cells tranformed with recom-
binant selection vectors containing EBV DNA fragments

Recombinant Antigen containing clones2
vector number of positives/number tested
EA _VCA __EBNA
pEAAT-gpt (CWYHF)B 0/5 0/5 4]5 -
PEAA2-gpt (CWYH)b 0/5 0/5 5/5
PEAA3-gpt (CW\Qb 0/2 0/2 0/2
pEAAa- t (CW)X= 0/5 0/5 0/5
pEAAS-gp_ (WYHFQU)D 0/3 0/3 1/3
pBH-gpt NT NT 0/5
pEB-gpt 0/5 0/5 0/5
pBK-gpt 0/5 0/5 4/5
pBM-gpt NT NT 0/5
PEDend-gpt (Raji) 0/5 0/5 0/5
EA = early antigen T T
VCA = viral capsid antigen
EBNA = EBV-determined nuclear antigen
NT = not tested

3At least two EBNA antibody positive and two EBV-antibody
negative sera were tested against each clone. Positive reactions
were only seen with anti-EBNA antibody positive, but not with
EBV-antibody negative sera. Each clone was tested between two
and five times in independent repeat tests.

ELetters within parenthesm denote the BamHI fragment sequences
of EBV DNA present in the recombinant. The number of BamHI W
repeats in the different vectors has not been determined.

Direct immunofluorescence with an anti-EA anti-VCA antibody
positive FITC conjugated human IgG and indirect immunofluore-
scence with an anti-VCA+EA- human serum did not reveal the
presence of antigens associated with productive infection in any
of the EBV DNA-transfected fibroblast clones.

To demonstrate the presence of EBV DNA sequences in cells
transfected with EcoRI A-carrying recombinant vectors that ex-
pressed the nuclear antigen, high molecular weight cellular DNA
was prepared and cleaved with restriction endonucleases EcoRI
and BamHI. The resulting DNA fragments were separated by
electrophoresis in agarose gels, transferred to nitrocellulose and
analysed by hybridisation. The results show that fragments corre-
sponding to the BamHI W, Y and H fragments of B95-8 EBV DNA
were present in the cells.
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DISCUSSION

The major new finding of our study concerns the EBV-specific
nuclear fluorescence detected by the ACIF reaction in cells which
have received the major part of the EcoRI A fragment of EBV
DNA. The nuclear fluorescence was not induced when the BamHI
H fragment was deleted from the transducing vector. The BamHI
C, F, Q, and U fragment reglons of the EcoRI A fragment were
not neccessary for the expression of the nuclear antigen and the
BamHI W and Y region did not seem to be sufficient. Further-
more, the BamHI H fragment could not induce the nuclear
antigen by itself. This implies that the coding sequence for the
antigen is within the BamHI W, Y, and H fragment region.

The results are in line with the fact that a major transcript is
generated from this area of the genome in EBV-transformed cells.
A model for the generation of a cytoplasmic polyadenylated 3 kb
mRNA has been provided by van Santen et al. (1983) from RNA
hybridisation data. The primary transcript is synthesised in a left
to right direction on a standard physical map. It is spliced from a
large primary transcript and consists of small segments from the
BamHI W repeat and larger, possibly continuous, exons encoded by
the BamHI Y and H fragments, plus a polyadenylate tail.

The transcription model is supported by DNA sequence data
identifying strong promotor sequences (CCAAT and TATAAA) and
potential splice sites in BamHI W, long open reading frames in
BamHI W, Y, and H, and an AATAAA polyadenylation signal in
BamHI H (Cheung and Kieff, 1982; Jones and Griffin, 1983; Jones
et al., 1984).

It is clear from the present study that the nuclear antigen
induced by the EcoRI A fragment in mouse cells is different from
the BamHI K encoded EBNA, since the induced antigen does not
react with an antiserum raised against a chemically synthesised
glycine-alanine peptide that has been shown to identify EBNAl
(Dillner et al., 1984). The EcoRI A induced antigen might be
related to the other previously described EBNA subtype, EBNA2
(Strnad et al., 1982; Hennessy and Kieff, 1983), or it might
represent still another EBNA species. However, the absence of a
detectable 81-kdalton antigen in P3HR-1 cells (Strnad et al.,
1981) is indicative of a relationship between the EcoRI A induced
antigen and EBNA2. Furthermore, it has recently been demon-
strated by immunoblotting techniques that monkey COS cells
transfected with pE/AA2-gpt DNA express an EBNA polypeptide
of a similar size as the EBNA2 polypeptide in Raji cells (Ricksten
and Rymo, in preparation).
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AN EBV RNA WITH A REPETITIVE SPLICED STRUCTURE
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SUMMARY

We are studying the Epstein-Barr virus genes
expressed in the Burkitt's lymphoma latently infected Raji
cells. We describe here a cDNA representing a spliced RNA
transcribed rightward from the IR1-U2 region. The cDNA
contains several repeats of two exons, 66 and 132 bp, which
are transcribed from the IR1 repeats, and four exons
transcribed from U2. The longest open reading frame of the
cDNA presumably corresponds to the carboxy-terminal 261
amino acids of a polypeptide containing several repeats of
a 66 amino acid sequence. Since part of this coding region
is deleted in the P3HR-1 non-immortalizing virus, this
polypeptide might be involved in the process of growth-
transformation of B-lymphocytes.

INTRODUCTION

The Epstein-Barr virus (EBV) genome is nearly
170 x 10~ bp. Several clusters of repeated sequences,
designated TR, IR1, IR2, IR3 and IR4 (Given et al., 1979 ;
Kintnerand Sugden, 1979 ; Cheung and Kieff, 1982 ; Dambaugh
and Kieff, 1982 ; Heller et al., 1982a, 1982b ; Jones and
Griffin, 1983) divide the genome into the five Ul, U2, U3,
U4 and U5 regions (Figure 1A). Studies about the P3HR-1 non-
immortalizing virus suggest that the IR1-U2 region of the
viral genome is implicated in immortalization of B-
lymphocytes (Bornkamm et al., 1982 ; Hayward et al., 1982 ;
King et al., 1982 ; Rabson et al., 1982 ; Jeang and
Hayward, 1983 ; Stoerker and Glaser, 1983 ; Stoerker et
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Figure 1 : (A) Structure of the EBV genome according to
Kieff et al. (1983). (B) An enlargement of the IR1-U2
region. A non-integral number of the IRl repeat separates
Ul and U2. IR1(D) is the incomplete copy. The BamHI-W, Y,
and H fragments are indicated. (C) Structure of the exons
and introns which are described by the cDNA. The sizes are
indicated in bp. A part of the deleted region of the non-
immortalizing P3HR-1 virus is shown. (Reprinted with
permission).

al., 1983). This region is transcribed into polyadenylated
RNAs in latently infected cells (Rymo, 1979 ; Thomas-Powell
et al., 1979 ; King et al., 1980, 1981 ; Van Santen et al.,
1981, 1983 ; Arrand and Rymo, 1982 ; Heller et al., 1982b ;
Weigel and Miller, 1983). We are using cDNA cloning and
sequencing to elucidate the structural organization of the
RNAs and proteins which are expressed from this region in
the Burkitt's lymphoma latently infected Raji cells.

MATERIAL AND METHODS

Cell culture

Raji cells were grown in RPMI 1640 medium
supplemented with 10 % fetal calf serum (Gibco
laboratories).
Preparation of cytoplasmic RNA

Cytoplasmic RNA was extracted according to
Brawerman et al. (1972). Cells were lysed in 10 mM Tris-HCl
(pH 7.8), 150 mM NaCl, 5 mM MgCl2 containing 0.6 %
Nonidet-P40. The cytoplasmic fraction was phenol extracted
in the presence of 0.5 % SDS and 1 mM EDTA, and RNA was
ethanol precipitated.
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cDNA cloning
cDNA was cloned according to Rougeon and Mach

(1976), and to Perricaudet et al. (1979). First strand cDNA
was synthesized with avian myeloblastosis virus reverse

transcriptase from cytoplasmic RNA using oligo(dT) as a
primer. After alkaline hydrolysis of the RNA, self priming
of the cDNA enabled synthesis of the opposite strand. The
hairpin loop was digested with the S1 nuclease. The
double-stranded cDNA was inserted into the PstI restriction
site of the pBR322 plasmid after dG/dC tailing with
terminal transferase. E.coli strain HB10l was transformed
according to Mandel and Higa (1970).
In situ hybridization

The BamHI-W, Y, and H fragments of the B95-8
viral genome were prepared from the plasmids described by
Dambaugh et al. (1980), and nick-translated according to
Rigby et al. (1977). In situ hybridization was performed
according to Cami and Kourilsky (1978).
DNA sequencing

The cDNA was sequenced according to Sanger et al.
(1977 and 1980). The mp8 and mp9 derivatives of the M13
phage (Messing and Viera, 1982) were used as vectors.

RESULTS

cDNA copies of Raji cytoplasmic RNAs were
inserted into the PstI restriction site of the pBR322
plasmid. About 30,000 colonies were screened by in situ
hybridization. One clone hybridized to the three BamHI-W,
Y, and H fragments of the B95-8 viral genome (Figure 1B).
The PstIl insert is nearly 1 kb. The locations of three Smal
and three HinfI restriction sites suggested the presence of
a repeated sequence (Figure 2A). The sequencing strategy
used for the Pstl insert is shown in Figure 2B, and the
sequence is given in Figure 3. Comparison with the
nucleotide sequence of the BamHI-W (Cheung and Kieff,
1982 ; Jones and Griffin, 1983), BamHI-Y (Baer et al.,
1984), and BamHI-H (Baer et al., 1984 ; Jones et al., 1984)
fragments showed that the PstI insert describes a spliced
RNA transcribed rightward from the IR1-U2 region (Figures
1C and 2C). Two exons, 66 and 132 nucleotides, start at
nucleotides 1340 and 1487 of the BamHI-W fragment. These
exons constitute a 198 nucleotide unit which is tandemly
repeated three times. These repeats start at nucleotides
56, 254, and 452 of the cDNA. The 5' end of the cDNA is
made up of an incomplete copy of the unit. Three exons, 33,
122, and 59 nucleotides, are transcribed from the BamHI-Y
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Figure 2 : (A) Restriction map of the PstI insert. (B)
Sequencing strategy. The arrows indicate the restriction
fragments which where cloned into the M13 mp8 and mp9
derivatives, and the direction of synthesis from primer.
(C) The different exons described by the cDNA. The sizes
are indicated in bp. (D) Map of the stop codons in the
three reading frames.

fragment. These exons start at nucleotides 755, 872, and
1380 of the BamHI-Y fragment, and at nucleotides 650, 683,
and 805 of the cDNA. One exon, at least 144 nucleotides, is
transcribed from the BamHI-H fragment. This exon starts at
nucleotide 1005 of the BamHI-H fragment, and at nucleotide
864 of the cDNA. The sizes of the introns, from the 5' to
the 3' end, are 2793, 81, 2793, 81, 2793, 81, 2208, 84,
386, and 1407 nucleotides relative to the B95-8 viral
genome (Figure 1C). The junctions between exons and introns
follow the GT-AG rule (Breatlmachand Chambon, 2981 ; Mount,
1982). The longest open reading frame extends from the 5'
end to nucleotide 784 (Figure 2D and 3), and presumably
corresponds to the carboxy-terminal 261 amino acids of a
polypeptide. This would be rich in proline, arginine, and
glycine, and would contain several repeats of a 66 amino
acid sequence.

Northern blot experiments were performed with
Raji cytoplasmic polyadenylated RNA. A single-stranded
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5 (G)IG TAGAAGGGTCCTCGTCCAGCAAGAAGAGGAGGTGGTAAGCGGTTCACCTTCAGGGCCTAGGGGAGACCGAAGT
RVLVQQETEEVVSGEGS?PSGPRGDR RS

80 90 100 110 120 130 140 150
GAAGGCCCTGGACCAACCCGGCCCGGSCCCCCCGGTATCGGGCCAGAGGGTCCCCTCGGACAGCTCCTAAGAAGGCACCGG
EGPGPTRPGPPGIGPEGPLG GO OLTLRRUHR

160 170 180 190 200 210 220 230
TCGCCCAGTCCTACCAGAGGGGGCCAAGAACCCAGACGAGTCCGTAGAAGGGTCCTCGTCCAGCAAGAAGAGGAGGTGGTA
S PSPTRGGNU Q R RVRRRVYVLVQQETETEVV
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AGCGGTTCACCTTCAGGGCCTAGGGGAGACCGAAGTGAAGGCCCTGGACCAACCCGGCCCGGGCCCCCCGGTATCGGGCCA
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R PRPRPPARSLR REUWLLRTIRDHTEF
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Y 810 820 830 840 850 860 Yy 870 880
AGTAACCCAGCACTGGCGTGTGACGTGGTGTAAAGTTTTGCCTGAACCTGTGGTTGGGCAGACCCCGCAGACTTAGACGAA

890 900 920 930 940 950 960
AGTTGGGATTACATTTTTGAGACAACAGAATCTCCTAGCTCAGATGAAGATTATGTGGAGGGACCCAGTAAAAGACCTCGC

970 980 990 1000
CCCTCCATCCAGTAAAAACCCTTGCCCTCTCCAGCAAACAATG (C)'7 3

Figure 3 : Nucleotide sequence of the PstIl insert and amino
acid sequence corresponding to the longest open reading
frame. The junctions between exons and introns are
indicated by arrows.

probe was synthesized from an M13 recombinant containing
the largest SmalI-Pstl fragment of the cDNA. This probe
contained the entire cDNA sequence and was complementary to
the RNA corresponding to the cDNA. Four RNA species were
detected. The approximate sizes was 1.5, 3.0, 3.2 and 4.2
kb. The 3.0 and 3.2 kb species appear to be the most
abundant.

DISCUSSION
A cDNA library has been constructed from the
cytoplasmic RNAs of the Burkitt's lymphoma latently
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infected Raji cells. We report here the characterization of
a cDNA which describes a spliced RNA transcribed rightward
from the IR1-U2 region of the viral genome. The cDNA
contains several tandem repeats of two exons, 66 and

132 bp, transcribed from IR1l, and four exons transcribed
from U2.

As no ATG is found in the longest open reading
frame, nor a poly(A) sequence at the 3' end, the cDNA is an
incomplete copy of a larger RNA. An AATAAA sequence is
located on the B95-8 viral genome 8 bp downstream from the
3' end of the cDNA (Baer et al., 1984 ; Jones et al.,
1984). Thus, at the 3' end, the RNA should contain some
30-40 additional nucleotides and a poly(A) tail (Proudfoot
and Brownlee, 1976 ; Le Moullec et al., 1983). The location
of the 5' end of the RNA might be inferred from the
Northern blot analysis. In Raji cells, the viral genomes
contain eight copies of the IRl repeat (Polack et al.,
1984). If the eight copies are transcribed and spliced as
described here, a piece of RNA of 2.1 kb would be
generated. Thus if we assume that the cDNA corresponds to
one of the three largest RNAs, the promoter and additional
exons should be located within Ul. Alternatively, the 5'
end might be located within the IR1 region. Each IRl repeat
of the B95-8 viral genome contains a sequence which
promotes transcription in a Hela cell extract (Van Santen
et al., 1983). In this hypothesis, translation could be
initiated only if the 5' end of the precursor were
processed in a different way than described here.

A part of this RNA is transcribed from a region
which is deleted in the non-immortalizing P3HR-1 virus
(Figure 1C). Marker rescue experiments have shown that this
region is implicated in the immortalization process
(Stoerker and Glaser, 1983 ; Stoerker et al., 1983). Thus
the polypeptide described here might play a role in
immortalization.
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CHARACTERIZATION OF AN EBV-ASSOCIATED PROTEIN KIMASE

Elizabeth Fowler

Dept. of Microbiology and Immunology
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Mobile, Alabama 36688

SUMMARY

Biologically active Epstein-Barr virions have been
isolated in a two-step procedure using affinity
chromatography on ricin-agglutinin Sepharose followed by
sedimentation in non-ionic density gradients of Nycodenz.
A protein kinase activity co-purifies with the virions
through both steps. Nucleocapsids prepared by extraction
of purified virions with 2% NP-40, 0.05% Na deoxycholate,
1M urea retain more than 85% of the activity present in
virions indicating that the kinase is an intrinsic
component of the nucleocapsid. SDS gel electrophoresis of
autophosphorylated virions and nucleocapsids reveals that
the same proteins are phosphorylated in both preparations.
The primary phosphorylated proteins have molecular weights
of 100,000, 76,000, 52,000 amd 46,000 daltons. Analysis of
the phosphoamino acids shows a high level of phosphoserine
with a trace of phosphothreonine; no tyrosine
phosphorylation is detectable. These data indicate that
Epstein-Barr virus, like other herpes viruses, has an
endogeneous protein kinase activity contained in its
nucleocapsid.
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INTRODUCTION

Several herpes viruses have been reported to possess
protein kinase activity (Lemaster and Roizman, 1980;
Randall et al., 1972; Rubenstein et al., 1972; Mar et al.,
1981) which is conta1ned in the nucleocaps1d and
phosphorylates virion structural proteins. We have recently
developed a two step purification for Epstein-Barr virus
(EBV) which yields intact virions that are biologically
active in four different assays including transformation of
B lymphocytes (Fowler et al., 1984). The extent of
contamination of the pur1?*éd virions with cellular
proteins is less than 3%. In order to determine whether EBV
is similar to other herpes viruses in having an endogenous
kinase activity, we have measured kinase activity during
the purification of virions and nucleocapsids. We find
that protein kinase activity cosediments with EB virions
and nucleocapsids in Nycodenz gradients. This activity
phosphorylates the same proteins in both nucleocapsids and
virions. Serine is the principal phosphorylated amino
acid.

MATERIALS AND METHODS

EBV was obtained from cell-free supernatants of
cultures of the EBV-producing B95-8 cell 1ine (Miller et
al., 1972) by centrifugation at 17,000 x g for 90 min. The
pellet from 3 1 of culture f1u1d was suspended in 8 ml
0.15M NaCl1, 3.4mM KC1, 9.4mM NaHP04, 1.7mM KHoPO4, 1mM
CaClp, 0.5mM MgC1,, 100 ug/ml bacitracin, pH 7.4. This
preparation is referred to as crude virus. Preparations
were routinely_labeled by culturing cells in the presence
of 2 uC/ml 3H-thymidine. CsC1 gen51ty gradient
centrifugation showed that 95% of the “H-DNA in the virus
suspension had the expected viral density. Virions were
purified by affinity chromatography on ricin-agglutinin
Sepharose and non-ionic density gradient centrifugation
using a 15 - 35% gradient of Nycodenz (Accurate Chemical
Company) as described previously (Fowler et al., 1984).
Nucleocapsids were prepared by treatment of pur1f1ed
v1r1ons with 2% NP-40, 0.5% Na deoxycholate, 1M urea for 1lh
at 4° C followed by pe11et1ng through 30% glycerol, 0.05M
Tris HC1, pH 8.0 or banding in a 30 - 50% Nycodenz
gradient.
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The number of EBV genomes in each preparation_yas
determined by dot hybridization analysis using a 3¢p.
labeled BamHl W fragment (Dambaugh et al., 1980). The
intensity of each spot was measured by dens1tometry and
compared to a standard curve constructed using known
amounts of unlabeled BamHl W fragment. EBV was assayed for
its capacity to bind to Raji cells using the indirect
immunofluorescent assay described by Simmons et al. (1983).

Protein kinase activity was assayed using a standard
reaction mixture containing 0.05M Tris HCl py 8.0, 0.05M
MgCl,, 1mM dithiothreitol, 1% NP-40, ZpIATP (10
uC/reaction, specific activity adjusted to 1 C/mole).
Reactions were incubated at 37° C for 1h and terminated by
the addition of 1/2 volume 0.2M EDTA, 1mM Na vanadate, 50mM
NaF, 2 mg/ml lysozyme. Quadruplicate aliquots were
precipitated with 10% TCA saturated with Na pyrophosphate.
Precipitates were collected on 0.8 u nitrocellulose filters
and measured by 1liquid scintillation counting using
Betafluor (National Diagnostics, Somerville, NJ).

Viral proteins were analyzed by SDS gel
electrophoresis on 12.5% polyacrylamide gels (Laemmli,
1970). Gels were stained with silver (Wray et al., 1981),
dried and autoradiographed using Kodak X-Omat AR film. The
molecular weights of the viral bands were estimated from a
standard curve constructed with proteins of known molecular
weights.

For phosphoamino acid analysis virions were
phosphorylated under standard conditions. The TCA
prec1p1tab1e material was subjected to partial acid
hydrolysis in 6N HC1 for 2h at 110°C. The hydrolysates
were applied to thin layer cellulose plates along with
unlabeled standards of phosphoserine, phosphothreonine and
phosphotyrosine and subjected to two dimensional
electrophoresis at pH 1.9 and pH 3.5 (Avruch et al., 1982).
The plates were stained with 1% ninhydrin n acetone to
reveal the standards and subjected to autoradiography using
Kodak X-Omat AR film.
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RESULTS AND DISCUSSION

EBY was subjected to affinity chromatography on ricin-
agglutinin Sepharose followed by sedimentation in a 15 -
35% gradient of Nycodenz. Under these conditions a protein
kinase activity co-purified with the EB virions. As shown
in Figure 1, a peak of kinase activity co-sedimented in
Nycodenz with the virions detected by dot hybridization and
by the immunofluorescent binding assay. Table 1 shows that
70% of the kinase activity in the starting viral suspension
was retained in the Nycodenz purified material. Much of the
activity that was removed during purification was
apparently non-viral since SDS gel electrophoresis of the
phosphorylated proteins demonstrated significant
phosphorylation of non-viral material in the crude
preparations (data not shown). The kinase activity was
precipitated by a monoclonal antibody to membrane antigen.
The activity required magnesium but was not enhanced by
cAMP. Furthermore, the activity in purified virions
phosphorylated virion proteins and was not significantly
enhanced by addition of exogenous substrates. From these
data we conclude that EB virions contain a cyclic AMP
independent protein kinase activity which primarily
phosphorylates endogenous virion proteins.
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F1'gur‘e1%5 Copurification of protein kinase activity with
EBV. I-EBV (0.5 m1) was layered on a 15-35% Nycodenz
gradient and centrifuged for 2h at 102,000 x g in a Ty65
rotor. Fractions (0.2 m1) were collected and the TCA
precipitable counts (——@ — ) were measured in a gamma
spectrometer. Aliquots were taken for dot hybridization
and assayed for the ability to bind to Raji cells
(~-=®»--). Protein kinase activity (—w— ) was
measured on aliquots of a parallel gradient of unlabeled
EBV. Densities were calculated from the refractive indices
(— 4— ). Lower panel: Dot_hybridization of 10 ul
aliquots of each fraction to a 32p BamHl W probe. The
bound radioactivity was detected by autoradiography. Al1l
fractions from the gradient were tested; only fractions 20-
31 showed detectable hybridization.
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The kinase activity was greatly enhanced in the
presence of non-ionic detergents consistent with the
hypothesis that the activity resides in the nucleocapsid.
To test this hypothesis, nucleocapsids were prepared from
purified virions by extraction with 2% NP-40, 0.05% Na
deoxycholate, 1M urea. The extracted material banded in
Nycodenz at a density of 1.24 g/cc. Electron microscopy of
the material recovered from the gradient revealed typical
nucleocapsid morphology with little adherent tegument
material. The purified nucleocapsids retained 88% of the
kinase activity present in the Nycodenz purified virions
(Table 1). This result indicates that the EBV-associated
kinase activity, 1like the kinase activity in herpes
simplex, is tightly associated with the nucleocapsid and is
an integral viral protein rather than an adsorbed cellular
contaminant.

The polypeptides which were phosphorylated by the EBV
associated kinase were examined by SDS gel electrophoresis
followed by autoradiography. Four phosphorylated
polypeptides were consistently observed in both the
purified virions and the nucleocapsids (Figure 2). The
46,000, 52,000 arldzgS,OOO dalton polypeptides are prominent
components of I-labeled virions and correspond to
nucleocaps1d %gote1ns identified by others (Dolyniuk et
al., 1976) in °°S-methionine labeled preparat1ons.
100,000 dalton polypeptide was undetectable in the 12 I-
labeled preparations al%?ough a protein of this size has
been visualized in labeled virions, but not
nucleocapsids. The phosphory]ated 100,000 dalton
polypeptide was present at equal intensity in the virion
and nucleocapsid preparations. This phosphoprotein is
unlikely to be a contaminating envelope protein since the
density of the nucleocapsids and their appearance in the
electron microscope indicated complete removal of the
envelope. Furthermore analysis of the polypeptides by SDS
gel electrophoresis on 7.5% gels showed that membrane
antigen was undetectable in the nucleocapsid preparation
supporting the contention that the envelope had been
removed. If the phosphorylated 100,000 dalton polypeptide
present in the nucleocapsid preparation were a residual
envelope protein, it should be present with significantly
less intensity compared to the level observed in virions.
Since this was not the case, we conclude that the 100,000
dalton peptide is a miggr compfggnt of nucleocapsids which
was not detectable in °2S- or I-labeled preparations.
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Figure 2. SDS gel electrophoretic analysis of proteins
phosphorylated in virions and nucleocapsids. Virions and
nucleocapsids were isolated from Nycodenz gradients and
phosphorylated in the standard r'eactioP25 A second sample
of purified virions was labeled with I. Proteins were
separated by SDS-PAGE on 12.5% gels using the Laemmli
buffer system and visualized by autoradiography of the
dried gel. The molecular weights were calculated using a
standard curve constructed with protejﬁ% of known
molecular weight run on the same gel. Left: I-virions;

center: phosphorylated virions; right: phosphorylated
nucleocapsids.
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In order to determine which amino acids were
phosphorylated, virions were incubated in the standard
reaction and the TCA precipitable material was subjected to
partial acid hydrolysis. The phosphoamino acids were then
separated by two dimensional electrophoresis. As shown in
Figure 3, serine is the predominant phosphorylated species.
A trace of phosphothreonine is visible but there is no
evidence for tyrosine phosphorylation.

The experiments described above demonstrate that EBV
has a intrinsic protein kinase activity. This activity
phosphorylates the same four polypeptides in nucleocapsids
and enveloped virions; this phosphorylation primarily
involves serine residues. The EBV kinase activity is
similar to the activity found in herpes simplex in that it
is intimately associated with the nucleocapsids, it
primarily phosphorylates endogeneous proteins and it is
independent of cyclic AMP but dependent on magnesium.
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Figure 3. Phosphoamino acid analysis. TCA precipitable
material in phosphorylated EB virions was hydrolyzed for 2h
at 1109C. The hydrolysate was applied to a cellose plate
for two dimensional electrophoresis at pH 1.9 and pH 3.5.
Labeled phosphoamino acids were detected by
autoradiography. Unlabeled standards were run on the same
plate and visualized by ninhydrin staining. The positions
of the standards are denoted by the circles superimposed on
the autoradiograph.
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SUMMARY

The mRNAs transcribed from the Epstein-Barr virus
(EBV) BamHI M restriction fragment were analyzed by nuclease
S1 and exonuclease VII mapping. This type of structural
characterization led to the determination of which portion
of these genes is present in the defective genome of the
P3HR-1 strain of EBV. Three unspliced mRNAs of the
immediate-early or early class were identified and found to
have common 3' termini. Mapping the 5' termini of these three
mRNAs indicated that a 4.0-kilobase transcript is initiated
within the adjacent BamHI a fragment and is terminated within
the BamHI M fragment and a 2.65 and a 1.9-kilobase transcript
each are encoded entirely within the BamHI M fragment. Less
than 500 bases of DNA encoding the 3' portion of these mRNAs
were found to be present in the defective P3HR-1 virus genome.
Thus, production of these mRNAs must occur by transcription
of DNA in the standard genome during the disruption of
latency caused by superinfection with the P3HR-1 strain of
EBV.
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INTRODUCTION

When lymphoblastoid cells that are latently infected
with Epstein-Barr virus (EBV) are suverinfected with the

P3HR-1 strain of EBV, activation of the EBV replication
cycle results (Miller et al., 1974; Menezes et al., 1975;
Yajima and Nonoyama, 1976; Seigneurin et al., 1977). This

requires superinfection with a population of P3HR-1 EBV
that contains standard and defective genomes (Rabson et al.,
1983; Miller et al., 1984). P3HR-1 EBV that contains a
standard genome is incapable of disrupting latency. The
mechanism(s) by which virus-containing defective DNA
activates the productive cycle of virus replication is
unknown. It seems likely that at least one function of the

co-infecting defective virus is to mediate expression of
genes that are important for initiating the replicative
cycle but that are normally repressed.

Following superinfection, the first detectable mRNAs
synthesized in association with the viral replicative cycle
are transcribed from the BamHI M restriction fragment of
the EBV genome (Sample et al., 1984). This suggests that
genes within this region of the genome are involved in the
initiation of virus replication. DNA from the BamHI M
restriction fragment is present in the defective genomes
of P3HR-1 EBV (Cho et al., 1984a, Miller et al., 1984). It
is possible that the presence of these genes in a trans-
criptionally active form may contribute to the ability of
P3HR-1 virus with defective genomes to activate EBV
replication in latently infected cells. This was tested
by characterizing the genes within the BamHI M fragment by
nuclease mapping of the three mRNAs transcribed in this
region. Analysis of cloned fragments of DNA from the
defective genome containing sequences from the BamHI M
fragment indicated that less than 500 bases of the 3'
portion of these genes are present in the defective genome.
Thus, if expression of these potentially key replicative
genes is mediated by the defective virus, this probably
occurs by trans-activation of genes in the standard genome.

RESULTS

Transcription of the BamHI M Region

Figure 1 illustrates the different species of mRNAs
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transcribed from the BamHI M region of the EBV genome in
various productively infected cells. In Raji cells
superinfected with P3HR-1 EBV, major polyadenylated
transcripts of 4.0, 2.65 and 1.9-kilobases (kb) were
detected (lane 1). A 2.0-kb transcript, which was

detected in 12-0O-tetradecanoylphorbol-13-acetate (TPA) -

induced B95-8 cells (lane 3), may also have been present in
superinfected cells, but was indistinguishable on Northern
blots due to the intensity of hybridization to transcripts
in the 1.9 to 2.0-kb size range. Inhibition of protein
synthesis in superinfected cells by treatment with
cycloheximide from the time of superinfection to cell

harvest (15 hr postinfection), did not prevent transcription
of the BamHI M DNA (lane 2). The level of the 4.0-kb

transcript did appear to be lower in cycloheximide-treated

cells. The concentration of cycloheximide employed (5ug/ml)
was sufficient to inhibit expression of EBV early antigen
following superinfection. These data suggest that the
BamHI M mRNAs are of the immediate early or early class. A
5.5-kb transcript was also detected in TPA-induced P3HR-1
cells (lane 4) and to a lesser extent in superinfected

Raji cells (lane 1). This mRNA may have been transcribed
from defective DNA.

Nuclease Mapping of the BamHI M mRNAs

To characterize the structure of the BamHI M mRNAs
and map the genes within the BamHI M fragment, nuclease Sl
and exonuclease VII mapping was performed. 32P-end-labeled
subfragments of the BamHI M fragment were hybridized to
cytoplasmic RNA from TPA-induced B95-8 cells, the DNA-RNA
hybrids were then digested with nuclease Sl or exonuclease
VII and the products of nuclease digestion were subjected
to electrophoresis in alkaline agarose gels as described
(Berk and Sharp, 1978). The results of these experiments
are shown in Figure 2 and are summarized as follows. The
4.0, 2.65 and 1.9-kb transcripts are transcribed in a
rightward direction and are unspliced. The 5' portion of
the gene encoding the 4.0-kb transcript lies within the
BamHI a restriction fragment, whereas the 2.65 and 1.9-kb
transcripts are encoded entirely within the BamHI M fragment.
All three mRNAs share a common 3' transcription termination
site that is approximately 100 bases to the right of the
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Figure 1 - Hybridization of 2P-labeled BamHI M DNA to
nitrocellulose filters containing polyadenylated RNA from
Raji cells superinfected (S.I.) with P3HR-1 EBV in the
absence (-) and presence (+) of cycloheximide; TPA-induced
B95-8 cells; or TPA-induced P3HR-1 cells. Sizes are
indicated in kilobases (kb).
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Figure 2 - Nuclease SI and Exonuclease VII mapping of
the BamHI M mRNAs. Lanes containing the full-length DNA
fragment (I,II,III), DNA that was hybridized to yeast RNA
(Y) or B95-8 cell cytoplasmic RNA (B) are indicated. All
numbers indicate size in kb, including 3'-poly(A) tails of
the mRNAs (horizontal arrows). Asterisks indicate the
positions of 5' (Iand II) or 3' (III) 32p.
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HindIII restriction site within the BamHI M fragment.
Although the 2.0-kb transcript has not been completely
characterized, preliminary data suggest that this mRNA is
encoded by the right half of the BamHI M fragment and is
transcribed in a leftward direction. It is not known
whether this mRNA is spliced or not.

Structure of the Defective Viral DNA Containing DNA from
the BamHI M Fragment

Analysis of P3HR-1 viral DNA, containing both defective
and nondefective molecules, by Southern blot hybridization
indicated that restriction fragments of the defective genome
contain sequences from the BamHI M fragment and the adjacent
BamHI S fragment (Figure 3). The structure of the defective
DNA that hybridized to DNA from the BamHI M fragment was
characterized to determine whether the BamHI M genes were
intact in the defective genome. Two cloned EcoRI fragments
of 21 and 18-kilobase pairs (kbp) with homology to BamHI M
DNA were characterized by Southern blot hybridization. The
21-kbp EcoRI fragment was found to contain less than 500
bases of the 3' coding region for the 4.0, 2.65 and 1.9-kb
mRNAs. This was determined by hybridization of the 32p_
labeled plasmid DNA (pJS184) containing the 21-kbp fragment
to blots of restricted plasmid DNA containing the standard
BamHI M fragment (Figure 4A). The left-most portion of
the BamHI M fragment which hybridized to 32P—pJ8184 was a
400-bp HindIII-Aval subfragment (see Figure 2 for a
restriction map of BamHI M). The 2l1-kbp EcoRI fragment
also contained DNA from the BamHI B', W'I ' and A fragments.
This was determined by hybridization of the 32p_1abeled
21-kbp EcoRI fragment to dot blots of the cloned BamHI
fragments of B95-8 EBV DNA (data not shown) and by
hybridization to Southern blots of BamHI- and EcoRI-
restricted P3HR-1 viral DNA (Figure 4B). The linkage
map of the entire 21-kbp EcoRI fragment and the terminal
portion of the left adjacent 18-kbp EcoRI fragment, which
contains the right-most EcoRI-BamHI subfragment of BamHI M
and most of BamHI S, is illustrated in Figure 4D. Note
also that the BamHI M-S DNA in the defective genome is in
the opposite orientation relative to the standard genome.
These data are in agreement with those of Cho et al, (1984a)
who recently reported the complete structure of the
defective genome of P3HR-1 EBV.
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Figure 3 - Southern blots of EcoRI-or BamHI-restricted
P3HR-1 EBV DNA hybridized to 32P-labeled BamHI a, M or S
DNA fragments. The standard restriction fragments are
labeled whereas fragments from defective genomes are
indicated by an arrowhead.
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Figure 4 - Characterization of the defective P3HR-1
EBV DNA containing BamHI M sequences. (A) Southern blots
of BamHI, Aval and HindIII (lane 1) or BamHI, PstI and
HindIII (lane 2) restricted pBR-M (containing BamHI M);
arrowheads indicate viral DNA bands. (B) Southern blots of
BamHI (lanes 2 and 4) or EcoRI (lanes 1 and 3) restricted
P3HR-1 viral DNA; letters indicate standard or homologous
(WH) fragments, arrowheads DNA from defective molecules.
(C) Restriction map of the 21-kbp EcoRI fragment. (D)
Structure of the defective DNA. (E) Standard P3HR-1 EBV
genome. See text for further explanation.
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DISCUSSION

The data we have presented indicate that three of
the four genes within the BamHI M region of the standard
EBV genome are not intact within the defective genomes of
P3HR-1 EBV. Therefore, production of the mRNAs encoded
by these genes is expected to be by transcription of the
standard genomes following superinfection of latently
infected cells. Preliminary evidence suggests that the
fourth gene, which encodes a 2.0-kb transcript, may be
intact within the defective genomes. Cho et al. (1984b)
have recently reported that a DNA fragment from the
defective genome which would contain this gene encodes an
EBV early antigen that is expressed upon transfection of
baby hamster kidney cells. Therefore, it seems that this
gene may be functional within the defective genome of
P3HR-1 EBV.

We have previously shown that after superinfection,
the first detectable EBV mRNAs associated with virus
replication are transcribed from the BamHI M DNA fragment
(Sample et al., 1984). It was also determined that these
mRNAs are not produced during the establishment of latency
or in latently infected cells. These findings suggest that
the genes in the BamHI M region of the EBV genome are
important to the initiatory events of EBV replication.
However, the mechanism by which their expression is activated
during superinfection of latently infected cells with
defective P3HR-1 EBV is unclear.

Although the gene encoding the 2.0-kb mRNA may be intact
and in a transcriptionally active form within the defective
genome, it seems unlikely that its gene product activates
transcription of the other BamHI M genes since they all
appear to be of the same temporal class. Alternatively,
activation of these genes may be mediated by an intermediate
function of the defective virus. Whatever the mechanism,
understanding how defective P3HR-1 virions disrupt latency
will provide valuable insight into the regulatory events
responsible for the establishment and maintenance of EBV
latent infections.
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SUMMARY

The effects of tunicamycin were examined on the
production of lytic and transforming strains of Epstein-
Barr virus (EBV). The drug altered expression of EBV
membrane antigens on the surface of producer cells and
markedly reduced the yield of virus. The small amount of
virus that was released was still able to bind to receptor
positive cells, but its ability to induce immunoglobulin
synthesis in normal B cells was compromised.

INTRODUCTION

The membrane of EBV contains four major polypeptides
of approximate molecular weights 350/300K, 220/200K, 140K
and 85K (Thorley-Lawson et.al., 1982). All, except the
140K molecule, are glycoproteins containing relatively
large amounts of carbohydrate. The 350/300K and 220/200K
glycoproteins, (gp350/300 and gp220/200) share sequences
and are reported to contain both 'N'- and 'O'-linked
sugars; the 85K glycoprotein (gp85) contains 'N'-linked
sugars (Strnad et.al., 1983). Antibodies to gp350/300 and
gp220/200 can inhibit virus binding and antibodies to gp85
can also neutralize virus. We therefore decided to use
inhibitors of glycosylation to examine the possible role
of the carbohydrate portions of these molecules in the
selective adsorption and penetration of EBV into B cells.
We report here on the effects of tunicamycin, an inhibitor
of 'N'-linked glycosylation (Klenk and Schwarz, 1982).
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MATERIALS AND METHODS

The superinducible P3HR1(c1.13) line and the MCUV5
marmoset line (both a gift of Dr. George Miller, Yale
University) were grown in RPMI with 10% fetal calf serum.
Before each experiment, cells were washed, adjusted to
2x100/m1, preincubated for 3h with different concentrat-
ions of tunicamycin (1,2,5pg) and induced with phorbol
ester (TPA 30ng/ml). Untreated cells with and without TPA
were included as controls. To label DNA, 3H-thymidine
(1pCi/ml) was added simultaneously with TPA. Three days
post—induction, virus was harvested from clarified spent
culture medium by centrifugation at 20,000 g (ECV).
Intracellular virus for binding assays was harvested by
lysing cell pellets with 2 cycles of freeze/thawing and
clarification of the lysates at 400 g (ICV). Such prep-
arations were also used to determine the amount of acid
insoluble 3H—thymidine and EBV DNA in extranuclear cell
fractions.

Surface antigen expression on P3HR1(cl.13) cells and
EBV binding to EBV receptor positive (EBVR*) and receptor
negative (EBVR™) cells were measured by indirect immuno-
fluorescence (Simmons et.al., 1983) on cells fixed with
0.1% paraformaldehyde. Fluorescence intensity and
distribution were assessed visually or by analysis of
30,000 cells in a FACS-II apparatus. JH-virus was allowed
to bind to fixed cells for 60 min at 37°C and assayed by
comparing acid precipitable counts bound with the total
precipitable counts added.

EBV DNA in extracellular and intracellular virus was
measured by dot hybridization (Kafotis et.al. 1979) with a
32p-1abeled Bam Hl W fragment cloned in pBR322 (Dambaugh
et.al., 1980). Total cellular EBV DNA was measured by
cell blot hybridization with the same probe (Brandsma and
Miller, 1980). Relative amounts of DNA were determined by
integrating scans of autoradiographs of hybridizations and
expressing values as a percentage of those obtained for
samples treated with TPA alone.

Induction of immunoglobulin synthesis in fresh peri-
pheral B cells was measured as previously described (Hutt-
Fletcher et.al., 1983).
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RESULTS

P3HR1(c1.13) cells were induced with TPA in the
presence or absence of tunicamycin. At two days post
induction the expression of EBV membrane antigens on the
cell surface was determined by immunofluorescence. Both
the number of cells expressing antigen and the intensity
of fluorescence were reduced by tunicamycin although the
viability of the cells was not significantly altered
(Table I).

Table I. EBV antigen expression in membranes of TPA-
induced P3HR1 cells grown in tunicamycin (Tu) and tested
at 2 days p.i. by immunofluorescence.

Membrane fluorescence with
Treatment % Cell
viability Human Monoclonal
anti-EBV anti-gp350/220
No drug 77 ++++1/352 ++++/40
2 pg Tu 74 ++/15 ++/10
5 pg Tu 71 ++/9 +/9

1 Intensity of fluorescence
2 percent fluorescent cells

If cells were induced in the presence of 3H—thymidine
and virus was harvested from spent culture medium after
three days, tunicamycin markedly reduced the acid-
precipitable counts associated with the ECV (Table II).
In contrast, it slightly increased the acid-precipitable
counts associated with the extranuclear fraction of cell
lysates.

The apparent reduction in extracellular virus was
corroborated by measurement of EBV DNA in similar extra-
cellular and intracellular preparations. The relative
amount of DNA in extracellular virus fell after treatment
with tunicamycin (Fig. 1); the relative amount of extra-
nuclear, intracellular EBV DNA increased at concentrations
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Table II. Effect of tunicamycin (Tu) on yield of acid
insoluble 3H in (ECV) and (ICV) from P3HRI(c1.13) cells
and binding of counts to EBVR' cells

Relative yield % of cpm bound

Cel}s grown of cpm to EBVR* cells!
o ECV Icv ECV ICcV

No drug 100 100 22 4
1 pg Tu 10 129 19 1
2 pg Tu 8 144 16 2
5 pg Tu 5 148 18 1

1 No counts bound to receptor negative cells

of up to 5pg tunicamycin, at which point, although there
was still more DNA inside than outside the cell, the
amount of intracellular DNA fell. Analysis of intra-
cellular EBV DNA by cell blot hybridization (Fig. l; right
panel) indicated that this reduction reflected a drop in
total intracellular EBV DNA and not merely in that which
was extranuclear and possibly encapsidated. Similar
results were obtained using virus from MCUV5 cells (not
shown).

Although the total yield of virus from cells was
reduced by tunicamycin, the virus that was released was
still able to bind to cells. The percentage of acid
precipitable counts in pellets of spent culture medium
which bound to EBVR' and not EBVR™ cells remained constant
(Table I1).

Comparable results were also obtained by measuring
virus binding to EBVR* cells by indirect immuno-
fluorescence using human anti-EBV antibody. Fluorescence
intensity was quantitated in a FACS II apparatus.

Although the amount of bindable virus harvested from
tunicamycin treated cells was less than that from
untreated cells either with or without induction with TPA,
measurable amounts of virus were repeatably found (Fig.2).
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Fig. 1. Relative amounts of EBV DNA in ECV and ICV (left
panel) and in whole cells (right panel) treated with

tunicamycin (no drug = 100).

In the absence of tunicamycin, more bindable virus was
present outside than inside the cell (Fig. 3; panel A); in
its presence, more was found inside than out (Fig.3;
panel B). However, although the amount of bindable
extracellular virus was markedly less in the presence of
tunicamycin than in its absence (Fig. 3; panel C) the
total amount of bindable virus inside the cell was not
increased in the presence of drug (Fig. 3; panel D). 1In
all these experiments, the fluorescence intensity profiles
of virus from cells treated with 2 or 5pug of tunicamycin
were superimposable.

Although there was no discernable difference in the
yield of bindable virus from MCUV5 cells treated with 2 or
5pg of tunicamycin, the virus obtained from MCUV5 cells
treated with 5pg was not able to induce immuaglobulin
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synthesis in freshly isolated B cells (Table III).

Fig.2. FACS-II fluorescence intensity profiles of binding
of virus from TPA and tunicamycin treated cells (------- no
virus control)

DISCUSSION

Inhibition of co-translational addition of 'N'-linked
sugars by tunicamycin has been shown to affect the intra-
cellular transport, assembly, antigenicity and biological
functions of several viruses (Klenk and Schwarz, 1982).
Small amounts of enveloped herpes simplex virus lacking
carbohydrate are produced in the presence of tunicamycin.
However, although such virus has been shown to bind to
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Table III. Immunoglobulin production by peripheral
blood lymphocytes infected with EBV (MCUV5) grown in
the presence of tunicamycin (Tu).

Virus grown in Immunoglobulin conc (ng/ml)
presence of:
ECV ICV
No drug 7990 6312
1 pg Tu 6226 4874
2 pg Tu 5779 2214
5 pg Tu 564 516
No virus 526

cells, its infectivity is reduced and a failure to pene-
trate cells has been suggested.

Our results to date with EBV suggest that this virus
is similarly affected. First, we can conclude that
'N'-linked glycosylation probably plays an important role
in the egress of mature EBV from B cells. Not only is
there a reduction in the yield from tunicamycin-treated
cells of properly enveloped virus capable of binding
specifically to B cells, there is also a loss of encapsid-
ated EBV DNA. 1In addition there is an apparent impairment
of the iunsertion of membrane antigens into the infected
cell membrane. The reduction in the number of surface
antigen positive cells, as detected by a polyvalent high
titer human antibody as well as by a monoclonal anti-
gp350/220, suggests that this represents a real failure in
transport of protein and not merely loss of antigenic
sites by changes in sugar residues or in conformation.

The possibility that tunicamycin interferes with the
induction of the productive cycle of EBV replication has
also been considered. However, preliminary experiments
indicate that, although the drug does have some effect on
virus induction, the reduction in the number of cells
expressing early antigen is only about 20% (data not
shown) and is not sufficient to account for our results.
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Fig.3. FACS-II fluorescence intensity profiles of binding
of ECV and ICV from TPA and tunicamycin treated cells (-----
no virus control).

Secondly, we have some indication that tunicamycin may
interfere with complete virus assembly and envelopment.
The loss in extracellular virus that binds to receptor
positive cells is not accompanied by an increase in simi-
lar virus inside the cell even at concentrations that are
accompanied by an increase in the total amount of intra-
cellular EBV DNA.

Thirdly, as with herpes simplex virus, a small amount
of EBV is released in the presence of tunicamycin with
apparently unimpaired ability to bind to receptor positive
cells. This 'indicates either that some small amounts of
normally glycosylated virus are still being made or that
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'N'-linked sugars play no role in binding EBV to the B
cell receptor. We are as yet unable to distinguish
conclusively between these two possibilities. We have
been unable to immunoprecipitate fully glycosylated
species from extracellular virus made in the presence of
tunicamycin, but we have not been able to identify
glycoprotein precursors either. The failure of virus made
in the presence of tunicamycin to induce immunoglobulin
synthesis in normal B lymphocytes, argues against the
normalcy of its glycoproteins and for its inability to
penetrate cells to which it binds. However concentrations
of 5pg/ml of tunicamycin appear to have an inhibitory
effect on viral DNA synthesis and it is conceivable that
at this concentration a lower proportion of extracellular
enveloped virus contains DNA.

A dissociation of the functions of binding and
penetration does however have interesting implications and
is supported by our findings (unpublished) that monoclonal
antibodies that neutralize virus do not necessarily
inhibit virus binding. The possibility that 'N'-linked
sugars are relevant to successful virus penetration will
be further explored.
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