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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 like 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 
lymphoma (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. 



ACKNOWLEDGMENTS 

The Editors wish to thank the following for their support 
and cooperation which helped immeasurably in making this 
symposium a success. 

ABBOT LABORATORIES U.S.A. 
ADVANCED BIOTECHNOLOGY U.S.A. 
ADAMS-CHILCOTT S.A. 
AGMARTIN S.A. 
AMERICAN KIDNEY FUND U.S.A. 
BACAKOS S.A. 
BANTIN AND KINGMAN LTD. 
BEHRINGWERKE A G 
B.I.B.E. ANAPLIOTIS S.A. 
BAYER RESEARCH LABORATORIES W. GERMANY 
BIOTECH RESEARCH LABORATORIES, INC. U.S.A. 
BRISTOL HELLAS 
BURROUGHS WELCOME CO. U.S.A. 
ELI-LILLY HELLAS 
ESSEX HELLAS 
GREEK ANTICANCER INSTITUTE 
GREEK ANTICANCER SOCIETY 
HARTELLAS S.A. 
JANSSEN PHARMACEUTICA A.E.B.E. 
KALIFRONAS S.A. 
KYRIAKIDIS S.A. 
LITTON BIONETICS INC. 
MERCK, SHARPE AND DOHME RESEARCH LABORATORIES U.S.A. 
MINISTRY OF CULTURE AND SCIENCES (GREtCE) 
MINISTRY OF HEALTH (GREECE) 
N.D. VARELAS S.A. 
NATIONAL CANCER INSTITUTE (USA) 
NATIONAL TOURIST ORGANIZATION OF GREECE 
PRINIOTAKIS S.A. 
SHOWA UNIVERSITY RESEARCH INSTITUTE FOR 

BIOMEDICINE IN FLORIDA 
SMITH, KLINE AND FRENCH U.S.A. 
SQUIBB S.A. 
VIANEX S.A. 

Credits 

We also thank Ms. Adriana Cabrales, Ms. Stephanie 
Coleman, Mrs. Kristine L. Ablashi and Mrs. Harriet Huebner, 
for their assistance in preparing manuscripts for 
publication. 

xv 



IMMUNODEFICIENCY DISEASES 



1 

ASSOCIATION OF EPSTEIN-BARR VIRUS AND LYMPHOPROLIFERATIVE 

DISEASES IN IMMUNE DEFICIENT PERSONS 

David T. Purtilo, M.D. 

Department of ?athology 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 BIRTtl 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 85% 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 ale (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, intera~i~tween 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., 1981). 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 
poly clonal to monoclonal EBV carrying B cell proliferation 
in a renal transplant recipient. The demonstration by 
Manolov and Manolova (1971) that a l4q+ 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 l4q32. In 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 chronic 
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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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 a1. (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 (levelopment 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 primi ti ve, 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 l~npho
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 I 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 
inunune-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 inunune-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' ] -oligo 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 

Weakness and Fatigue 

Fever 

Myalgias, arthralgias 

Depression 

Recurrent pharyngitis 

Lymphadenopathy 

Hepatic tenderness 

Splenomegaly 

Lymphocytosis, atypical lymphocytes 

Partial hypogammaglobulinemia 

Prior infectious mononucleosis 

Number of 
Patients 

14 

13 

13 

10 

7 

6 

4 

1 

6 

10 

6 

*Modified from DuBois et al. with permission. 

Percent 

100 

93 

93 

71 

50 

43 

29 

7 

43 

71 

43 

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
nos is. 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 Y 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. S'imilar 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-y) 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. 
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Table 1: CLINICAL FEATURES OF CHRONIC ACTIVE 
EBV INFECTION 

Symptom 
Fatigue 
Fever 
Allergy 
Pharyngitis 
Neurologic 
Lymphadenopathy 
Psychologic 
Arthritis! Arthralgia 
Myalgia 
Weight loss 
Rash 
Hepatomegaly 

Percent of Patients 
100 
80 
75 
61 
58 
53 
50 
~5 
~3 
22 
10 
7 

Table 2: DEMOGRAPHIC FEATURES OF 62 
PA TIENTS WITH CHRONIC ACTIVE EBV INFECTION 

Sex (M/F) 
Age (years) 
Duration of symptoms (years) 
Heterophile + 

Arizona NIH 
13/26 1JGnl2 

2~ (3 - 5~) 35 (21 - ~8) 
6 (1 - 38) 5.7 (1.8 - 17) 
10 (25%) 11 (~8%) 

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 Arizo¥a 
IgM-VCA 10 3 (8) 
IgG-VCA 320 36 (92) 

640 18 (46) 
EA - 0 10 37 (95) 
EA -R 10 2 (5) 
EA (0 or R) 10 

20 39 (100) 
40 36 (92) 

EBNA 5 8 (21~ 
ADCC 240 8 (22) 

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

Immune Function 

NIH 
5\22) 
19 (83) 
14 (61) 
9 (39) 
18 (78) 
19 (83) 
16 (70) 

7 (30~ 
4 (36) 

Combined 
8 (13) 

55 (88) 
32 (52) 

55 (88) 

15 (24) 
12 (33) 

Phenotypic analyses demonstrated no lasting deficits among or 
between the patients and normal laboratory control values. The 
percentage of OKT 4-Positive cells in 10 NIH patients was elevated 
(57.1 t 2.8% vs 42 t 1.1) whereas in Arizona the values were 46 t 7 
vs 44 t 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 CIq and Raji 
cell assays in 15 of the NIH patients. Eleven had elevated levels in 
one or the other assay. Six patients had CIq levels greater than 
normal (10%); these values were 12, 13, 14, 18, 19 and 24% binding 
activity. Eight had elevated n/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 (lFN) in diseases with symptoms similar to those of 
these patients, i.e., chronic infection and immunodeficiency states, 
circulating IFN (l was not present in 50 of 51 patients studied. In 
one patient and in controls with acute infectious mononucleosis 
(1M) levels of IFN (l 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 
n = 51 
Positive: 1/51 
Range: 17-81 i.u./ml 

2-5 Synthetase 
CAEBV 
n=5 
Range = 38 (26 - 54) units 

Acute 1M 
n=7 
Positive: 7/7 
Range: 9-27 i.u./ml 

Normals 
n=9 
Range = 16 (8 - 31) units 

T cell suppression of PWM induced Ig production occurs during 
the acute stages of 1M with asymptomatic seropositive individuals 
demonstrating less than 10% suppression. T cells of eighteen of 
nineteen CAEBV patients showed significant suppressive (mean ± 
SEM = 52 ± 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 y 
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 (t S.E.M.) IN VITRO IL-2 
AND IFN X PRODUCTION 

Patient 

Control 

IL-2 units 
ConA/PMA 

1.7 t 0.69(16)1 

2.58 t 1.28(19)2 

IFN X (log U/m!) 
ConA/PMA PHA 

32•77(13) 

35•75(4) 

32•25(8) 

34•4(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 da6a 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 (t S.E.M.) NATURAL KILLER CELL ACTIVITY 

Unfractiona ted 
Fractionated 

CAEBV (n = 11) 
16 t 9.6 

110 t 64.7 

1 in lytic units per 106 cells 

Controls (n = 33)1 
43t31.8 P<.Ol 
162 ± 60.7 NS 

% SPECIFIC RELEASE 
(n = 11) (n = 27) 

Unfractiona ted 10:1 18 t 8 33 t 12 P < .005 
5:1 11 t 6 23 ± 10 P <.005 

25:1 6t4 14 t 7 P < .01 

Fractionated 10:1 54 t 16 61 t 13 NS 
5:1 41 t 16 51 t 17 NS 

2.5:1 29 t 4 42 ± 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 
production 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. In 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 a1., 
1979; Sharon, 1983). '~e 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 (lxl06) were cultured alone in the 
presence of pokeweed mitogen (PWM) or EBV. In addition, 
normal mononuclear cells (O.Sxl06) were cultured in the 
presence of PWM either alone or mixed in culture with 
patient T (O.Sxl06) or non-T cells (O.2Sxl06). 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 Imnrunoglobulin (loU ./ml) Duration of 
Illness 

IgG 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 (lxl06) 
produced significantly lower numbers of Ig secreting cells 
than did cultures of normal cells. The geometric mean 
response (x/t 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 (0.5xl06) 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. In 
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. 
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Fig 1. Reversal of CVH-associated T cell suppression by 
D-mannose. Mononuclear cells (0.5xI06) from 10 
normal individuals were cultured alone or mixed 
with T cells (O.5xI06) from 10 patients with CVH, 
in the presence of PWM only or PWM and 
D-mannose (25 mM). 
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TABLE II 

Non-T cell suppression in patients with common variable 
hypogammag10bu1inemia 

Cultures * Ig secreting cells/culture 

1- 2. 3. 

Normal MNC alone 23315 11100 8190 

Cocu1tures of normal MNC 3003 1950 40 
and patient non-T cells 

*Norma1 mononuclear cells (MNC) were cultured either alone 
(0.5x106) in the presence of PWM or mixed in cocu1ture 
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 
ce11-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-acety1-D-g1ucosamine (25 roM) had no 
significant effect on T cell mediated suppression, but 
substantially reversed inhibition mediated by non-T cells. 
Thus, N-acety1-D-g1ucosamine 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-acety1-D-g1ucosamine 
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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Fig 2. Carbohydrate specificity of T cell and non-T cell 
suppression associated with CVH patients. Normal 
mononuclear cells (O.5xI06) were cultured either 
alone in the presence of PWM or mixed with either 
T cells (O.5xI06) or non-T cells (O.25xI06 from a 
patient with CVH. Selected monosaccharides were 
added to individual cocultures at the final 
concentration of 25 mM. 
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Patient Non-T Cells 

Fig 3. Reversal of CVH-associated non-T cell suppression 
by N-acetll-D-glucoSamine. Mononuclear cells 
(0.5 x 10 ) from 3 normal individuals were 
cultured alone or mixed with non-T cells 
(0.25xl06) from 3 patients with CVH, in the 
presence of PWM only or PWM and N-acetyl-D
glucosamine (25 roM). 



50 

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. In 
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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UNUSUAL PRIMARY TUMORS OF BRAIN AND LUNGS ASSOCIATED 

WITH EPSTEIN-BARR VIRUS (EBV) 

J. Joncas, F. Ghibu, N. Lapointe, L. Begin, J. Michaud, 
P. Simard, P. Benoit, G. Rivard, J. Demers and R. Raymond 
Departments of Microbiology & Immunology, Pediatrics and 

Pathology, Sainte-Justine Hospital and Jewish General 
Hospital, Montreal, Canada H3T lC5 

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 15% foetal calf serum, penicillin 
100 units/ml and gentamycin 50 ~g/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 10% foetal calf serum and antibiotics in the 
concentration mentioned above. After reaching confluence, 
the amount of foetal calf serum was reduced to 4%. 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 covers lips 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 ).. 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 )... 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 

EBNA in TUMOR 
CELLS 

EBV SEROLOGY 

VCA-IgG 
IgA 
EA (D or R) 
EBNA 

CASE 1 

+ 

10 
ND 
<5 
±5 

TYPE of TUMOR Polymorphic 
B cell 
lymphoma 

CLONALITY Monoclonal 

OUTCOME Death 

CASE 2 

+ 

320 

80(R) 
<5 

Polymorphic 
B cell 
lymphoma 

Monoclonal 

Remission 

CASE 3 

Unsuitable 
material 

10,240 
2,560 
1,280(D) 

80 

Undifferentiated 
non keratinizing 
squammous cell 
carcinoma 

ND 

Death 

EBNA: Epstein-Barr virus (EBV) nuclear antigen. 
VCA-IgG: 

EA-D/R: 
ND: 

EBV viral capsid antigen (Immunoglobulin G anti
body against VCA). 
EBV early antigen diffuse/restricted. 
Not done. 



56 

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). In 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 adrena1s (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) 



58 

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 
syncytial arrangement 
out differentiation. 
one mitotic figure is 

tumor is characterized by a 
of short spindle cells with
The chromatin is stipled and 
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 unsuccesfu1 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, Felicia 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 is 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 is the P3HR-1 or lytic 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 isolate. 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 lesions undergoing 
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 m1 (106 cells/ml) with RPMI-
1640 medium containing 16% fetal calf serum (RPMI-16) and 
incubated at 37°C in a C02 humidified incubator. 

A second series of washed lymphocytes was also 
aliquoted as above but the cells were sedimented and then 
resuspended in 0.2 m1 of a 100-fold dilution of the B95-8 

'+ S strain of EBV (titre = 10· TDso%/ml). After incubat-

~~g(~~63~:~I;/~I;n=i~ou~;~16~OIU~~I;:;esad;~::e!b~~r!;~ 
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 106 cells/mI. 

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 lines (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 line (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: 106 male 

~::t:~:~::d~~b~n ~~~I-;; ~;lef~~~i:~:o!:c~e;~ ~;u~~~~~:! 
from the female patient, or with b) 10 6 cells obtained 
from her previously transformed (with B95-8 virus) 
lymphoblastoid cell line, 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/m1. 
Acidification of cultures was monitored daily and the 
cells were transferred to larger containers when the cell 
density exceeded 106 cells/mI. 

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 line (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 line 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 is expressed as EA
inducing units/1.0 ml and is calculated by the following 
formula: 

EA-inducing 
units 

% antigen-positive cells x initial 
no. of cells infected X Dil. 

--------------~1~0~0~--------------- factor 

Use of this formula gave a titre of 2 x 106 
EA-inducing units/ml for the control P3HR-1 virus. 

Throat washings were also inoculated 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 



67 

from this patient (more than ten were tested) and from 
her father failed to transform CBL. 

Permanent lymphoblastoid cell lines were obtained 
from the daughter and her father's peripheral blood, but 
only by B95-8 infection of their leukocytes. In a total 
of at least 30 trials, a cell line 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 negati ve. 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 

Father 

Daughter 

Controls2 +(5) 
-(2) 

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

of 

in Raji l 

2/10 (1.2 x 10 3 ) 

7/14 (3.2 x 103 ) 

0/7 

samples tested 

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
I-like 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 Cor~MUNCATION 

The Significance of Antibodies Against the Epstein-Barr 

Virus-Specific Membrane Antigen gp 250 in Acute and 

Latent EBV Infections 

Wolfgang Ji1g and Hans Wolf 

Max-von-Pettenkofer-Institut, Munich, FRG 

I NTRODUCTI ON 

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-re1ated early antigen (EA), and the EBV 
nuclear antigen (EBNA). Antibodies against a fourth anti
gen complex, the membrane antigen (MA) (Qua1tiere and 
Pearson, 1979; North et a1, 1980), are not determined 
routinely becuase of the complexities of the available 
assays (Klein et a1, 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 (Thor1ey
Lawson and Gei1inger, 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 
125iodine 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- I 
INFECTION + + I:J 26 2* 24 7.7* 

RECENT EBV-
INFECTION + +/fJ I:J/+ 6 2* 4 33.3* 

PAST EBV-
INFECTION + t' + 52 49 3 94.0* 

-----
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Fi gure 1. 

9P 250' 

acute 1 past 1 
EBV-Inloctio EBV-Inlection NPC 

~os . neg 

~control 

• gp 250 

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 (lymph 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. 

Of 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 E~V 
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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THE EPIDEMIOLOGY OF EPSTEIN-BARR VIRUS-ASSOCIATED 

MALIGNANCIES 

P.H. LEVINE 

Clinical Epidemiology Branch 
National Cancer Institute 
Bethesda.,. Maryl and 

SUMMARY 

Epidemiologic studies of Epstein-Barr Yirus (EBY)
associated .alignancies continue to d~nstrate the 
interrelationship of .ultiple etiologic factors, thereby 
allowing several opportunities for intervention with the 
disease process. For the two .alignancies most closely 
linked with EBY, Burkitt1s lyaphoma (Bl) and naso
pharyngeal carcina.a (NPC), the risk factors are .ore 
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 .ang young white IIilles in the 
United States. The search for etiologic factors in Bl y in 
addition to EBY and malaria, is currently focusing on 
retroviruses. For NPC" evidence continues to support the 
lllajor roles of genetics and salted fish in southern 
Chinese, but other etiologic factors appear to be 
illportant in non-Chinese. In areas of low inddence for 
Bl and NPC.,. 1 ess ha.ogeneous patterns are seen" suggesti ng 
the inclusion of unrelated cases. Precise definition of 
study groups .y 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). In 
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-l 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 likely, 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 likelihood 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 playa 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 living 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 life 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 
appl ied 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 
preci sely, thereby 1 eadi ng to a greater opportunity for 
progress in etiologic studies. 
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GENETIC ASPECTS OF EBV-ASSOCIATED MALIGNANCIES 

MALCOLM J. SIMONS 
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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 aetiology 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 incidence 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 useful 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 genet ic and environmental factors in cancer 
causation include the following: 

(i) 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 susceptibil ity 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 possibil ity exists that among 
conlmon 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 wi 11 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 everyone 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 
susceptibil ity '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 
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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. In 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 aI., 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 aI., 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). In 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 aI., 1983). However, the data in that paper 
reveals the frequency· of HLA-BW46 in Cantonese to be not 
less than 44%, 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, including 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 likely 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, not 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-BW46. 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). In normal subjects BW46 is in linkage 
with DRW9. In 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 hap10types 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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considering HLA haplotypes rather than single genes. 

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-hap lotype 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 level 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 is prevalent for an 
investigation as comprehensive as that of familial breast 
cancer in Iceland" (Simons and Shanmugaratnam, 1982). 
Furthermore, it is 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, 
fami ly 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 light 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 c5), 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(1) positive, then about 10% have to be 
Km(1+3-). Further studies are required which utilise 
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 variabil ity 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 is 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-occurtng 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 low 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 lesser incidence in Cantonese 
females and in Hokkien males compared to Cantonese males. If 
EBV exposure is 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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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-Iymphocytes. 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) 

c 

o 
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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: Syrjanen, 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-cell system (diffuse hyperplasia) 
leading to T-cell associated 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 

26-40 

T4/T8 Cells 

2.8-1.5 

2 B-cells 

30-40 

3 NK-cells 

7-10 

1 % 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-Iymphocyte lin
eage and thus exerts effects on the immune system 



109 
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B 

C 
Figure 2. Immune histology in reactive lymph node 
hyperplasia (immune peroxidase method on frozen 
sections). a) Follicular B-Iymphocytes (OKB7, 240x); 
b) T4-helper cells in paracortex (OKT4, 240x); 

c) T8-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-Iymphocytes - 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-Iymphocytes 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 (DeThe, 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-helper cells in paracortex 

(OKT4, 240x) ; d) increased numbers of Ta-suppres

sor/cytotoxic cells in paracortex (OKT8, 240x) 

c 

o 
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formed cells (Klein et al., 1981; Robinson ~t al., 
1981; Lennert et al., 1981). Immune cytoloSJic in-
vestigations always demonstrate a polyclonal lym
phocyte proliferation (Table 3). 

TABLE III 

CELL POPULATIONS IN UNCOMPLICATED 1M LYMPH NODES 1 

T-cells 

35-45 

T4/T8 cells 

1 .1 -0.9 ini t. 

1.5-3.1 later4 

2 B-cells 

25-35 

3 NK-cells 

5-20 

1 % of total mononuclear cells (5 patients) 
2 polyclonal (SIgG 8-12, SIgM 9-38, SIgA 5-21, 

SIgD 5-28, SIgE 3-11%) 

3 natural killer cells (Leu7 marker) 
4 in clinically convalescents 

Recovery from the self-limited lymphoproliferative 
syndrome of 1M 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-Iymphocytes 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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D 

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 

Accordingly, T-suppressor cell activity is increas
ed in chronic persistent 1M, 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-Iymphocytes (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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c 
Figure 5. Cell populations in lymph node of AIDS 
patient (stage II and III). a) B-Iymphocytes are 
diffusely increased in follicular remnant and in 
paracortex (OKB7, 240x); b) diffusely increased 
TS-suppressor cells (OKTS, 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) 
+ Cytomegalovirus (CMV) 
+ HTLV3 

(in lymphadenopathy syndrome 
+ Hepatitis B & A 
+ Chlamydia organisms 
+ Entameba coli & histolytica 
+ Neisseria gonorrhea 
+ Campylobacter-like organisms 
+ Treponema pallidum 

in addition: 

86-100% 
94-100% 
62-97% 
50-89%) 
29-52% 

-23% 
-18% 
-17% 
-16% 
-15% 

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-Iymphocyte 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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A ........... -=--

B 
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) i b) hematopoietic hypoplasia in bone 
marrow (H&E, 1S0x) i c) thymic atrophy (or hypo-
plasia ?) (H&E, 1 SOx) i d) diffus-e polyclonal B
lymphocyte proliferation (note a certain similar
ity of cell composion in infectious mononucleosis) 
(H&E, 240x) i e) occasional B-cell immunoblastic 
lymphoma (H&E, 600x) 

c 

D 
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TABLE VII 

CELL POPULATIONS IN AIDS LYMPH NODES 1 

Stage2 T-cells 

I 18-35 

II 9-24 

III 6-15 

T4/T8 cells 

4.0-2.0 

4.0-0.5 

0.5-0.12 

3 B-cells 

28-49 

35-52 

48-75 

1 % 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) 
3 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/lgG 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) i b) monoclonal tumor
B-cell proliferation (OKB7, 375x) i c) few scatter
ed TB-suppressor cells in lymphoma tissue(OKTBi 
240xJi d) loosely arranged T4-helper cells in the 
tumor (OKT4i 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 exogeno\.".S infection but rather an "en
dogenous 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 1M 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 (01-
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 
(DeThe, 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&Ei 240x) i 
b) B-Iymphocytes in lymphoid stroma bordering the 
tumor cell nests (OKB7, 240x) i c) few scattered 
T8-suppressor cells in the tumor tissue (OKT8, 

240x) i d) diffusely scattered T4-helper cells in 
the tumor (OKT4, 150x) 

c 

o 
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of patients with restricted immune responsiveness 
and an essentially synchronized proliferation of 
infectable B-Iymphocytes 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 th~ unusual persistent 
stimulation of the B-Iymphocyte 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-Iympbocytes thus appears an essential 
precondition in the pathogenesis of BL. Instabil
ity of the host's chromosomes with chromosomal ab
errations (8-14q+ 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-Iympho
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 natur~lly 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-Iymphocytes 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). 

T-cells 

35-62 

TABLE IX 

CELL POPULATIONS WITHIN NPC TISSUE1 

2 
T4/T8 cells 

1.8-1.0 

3 B-cells 

16-31 

4 NK-cells 

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%) 
4 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-Iymphocyte, 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. 

REFERENCES 

Cottier, H., Turk, J. and Sobin, L., A proposal 
for a standardized system of reporting human 
lymph node morphology in relation to immunol
ogical functions. J.Clin.Path. 26, 317-331 (1973) 

DeThe, G., Role of Epstein-Barr virus in human dis
ease: infectious mononucleosis, Burkitt's lymph
oma, and nasopharyngeal carcinoma. In: G.Klein 
(ed.), Viral oncology, Raven Press, New York 
(1980) 

Epstein, M.A. and Achong, B.G. (eds.), The Epstein
Barr virus, Springer Verlag, Berlin (1979) 

Fong, S., Vaughan, J.H., Tsoukas, C.D., and Carson, 
D.A., Selective induction of autoantibody secretion 

in human bone marrow by Epstein-Barr virus. 
J.lmmunol. 129, 1941-1943 (1982) 

Gallo, R.C., Salahuddin, S.Z., Popovic, G.M., 
Shearer, G.M., Kaplan, M., Haynes, B.F., Palker, 
T.J., Redfield, R., Oleske, J., Safai,B., White,G., 
Foster, P., and Markham, P.D., Frequent detection 

and isolation of cytopathic retrovirus (HTLV III) 
from patients with AIDS and at risk for AIDS. 
Science 224, 500-503 (1984) 



126 

Geser, A., Lenoir, G.M., Anvret, M., Bornkamm, G., 
Klein, G., Williams, E.H., Wright, D.H., and 
DeThe, G., Epstein-Barr virus markers in a series 

of Bu-kitt's lymphomas from the West Nile di
strict, Uganda. Eur.J.Cancer Clin.Oncol. 19, 
1393-1404 (1983) 

Groopman, J.E. (ed.), AIDS. In: J.W.Yarbro (ed.), 
Seminars in oncology. Grune & Stratton, New York 
(1984) 

Guarda, L.A., Buttler, J.J., Mansell, P., Hersh, 
E.M., Reuben, J., and Newell, G.R., Lymphadeno

pathy in homosexual men: morbid anatomy with 
clinical and immunological correlations. 
Am.J.Clin.Pathol. 79, 559-568 (1983) 

Hanto, D.W., Frizzera, G., Purtilo, D.T., Sakamoto, 
K., Sullivan, J.L., Saemundsen, A.K., Klein, G., 
Simmons, R.L., and Najarian, J.S., Clinical spec-

trum of lymphoproliferative disorders in renal 
transplant recipients and evidence for the role 
of Epstein-Barr virus. Cancer Res. 41, 4253-
4261 (1981) 

Henle, G. and Henle, W., The virus as etiologic 
agent of infectious mononucleosis. In: M.A. Ep
stein and B.G.Achong (eds.), The Epstein-Barr 
virus. Springer Verlag, Berlin (1979) 

Henle, W., Henle, G., and Lenette, E.T., The Ep
stein-Barr virus. Sci.American 241, 48-53 (1979) 

Jondal, M. and Klein, G., Classification of lymph
ocytes in nasopharyngeal carcinoma (NPC) biop
sies. Biomed. 23, 163-165 (1975) 

Jones, J.F., Straus, S.E., Tosato, G., Kibler, R.A., 
Hicks, M., Lucas, D., Preble, 0., Lawley, T., 
Armstrong, G., and Blaese, R.M., Immune assessment 

of patients with chronic active EBV (CAEBV) inf
ection. Proc.Ist.Internal.Sympos. on EBV and 
Assoc.Malignant Dis., Loutraki, Sep.24-28 (1984) 

Kamaraju, L., Levine, P.H., Sundar, S.K., Ablashi, 
D-V., Faggioni, A., Armstrong, G.R., Bertram, G., 



127 

and Krueger, G.R.F., Epstein-Barr virus related 
lymphocyte stimulation inhibitor: a possible 
prognostic tool for urrdifferentiated nasopharyn
geal carcinoma. J.Nat.Cancer Inst. 70, 643-647, 
(1983) 

Klatzman, D., Barre-Sinoussi, F., and Gluckman, 
J.C., Selective tropism for the helper-inducer 

lymphocyte subset of a new human retrovirus 
(LAV) associated with the acquired immune def
iciency syndrome. Science 225, 59-62 (1984) 

Klein, G., The role of gene dosage and genetic 
transpositions in carcinogenesis. Nature 294, 
313-318 (1981) 

Klein, E., Ernberg, I., Masucci, M.G., Szigeti, R., 
Wu, Y.T., Masucci, G., and Svedmyr, E., T-cell 

response to B-cells and Epstein-Barr virus anti
gens in infectious mononucleosis. Cancer Res. 
41,4210-4215 (1981) 

Krueger, G.R.F., Nasopharyngeal carcinoma. In: 
D.T.Purtilo (ed.), Immune deficiency and cancer. 
Plenum Med.Book Co., New York (1984) 

Krueger, G. and O'Conor, G.T., Epidemiologic and 
immunologic considerations on the pathogenesis 
of Burkitt's tumor. Rec.Res.Cancer Res. 39, 211-
224 (1972) 

Krueger, G.R.F., Papadakis, T., and Michel, R., 
Spezielle pathologisch-anatomische Aspekte des 
AIDS, acquired immune deficiency syndrome. 
Z.Hautkr. 59, 507-522 (1983) 

Lane, H.C., Masur, H., Edgar, L.C., Whalen, G., 
Rook, A.H., and Fauci, A.S., Abnormalities of B

cell actication in patier."!-.s with acquired immune 
deficiency syndrome. N.Engl.J.Med. 309, 453-458 
(1983) 

Lennert, K., Schwarze, E.W. and Krueger, G., Lyrnph
knotenver!nderungen durch Virusinfektionen. 
Verh.dtsch.Gcs.Path. 65, 151-·171 (1981) 



128 

Linder, J. and Purtilo, D.T., Infectious mononu
cleosis and complications. In: D.T.Purtilo (ed.) 
Immune deficiency and cancer. Plenum Med.Book 
Co., New York (1984) 

Michaux, J.L., Les iITIDunoglobulins des Bantous a 
l'etat normale et pathologique. Ann.Soc.Belge 
Med. Trop • 46, 483 - 6 7 4 (1 966 ) 

Olweny, C.L.M., Atine, I., Kaddu-Mukasa, A., 
Owor, T., Anderson, M., Klein, G., Henle, W., 
and DeThe, G., Epstein-Barr virus genome studies 

in Burkitt and Non-Burkitt lymphomas in Uganda. 
J.Nat.Cancer Inst. 58, 1191-1196 (1977) 

Purtilo, D.T., Immune deficiency predisposing to 
Epstein-Barr virus-induced lymphoproliferative 
diseases: the X-linked lymphoproliferative syn
drome as a model. Adv.Cancer Res. 34, 279-312, 
(1981 ) 

Purtilo, D.T., Hematopathology of X-linked lymph
oproliferative syndrome. In: D.T.Purtilo (ed.), 
Immune deficiency and cancer. Plenum Med.Book 
Co., New York (1984) 

Purtilo, D.T. and Sakamoto, K., Epstein-Barr virus 
and human disease: immune responses determine 
the clinical and pathological expression. Human 
P a tho 1. 1 2 , 677 - 679 (1 981 ) 

Purtilo, D.T., Yang, J.P.S., Allegra, S., DeFlorio, 
D., Hutt, L.M., Soltani, M., and Vawter, G., Hema

topathology and pathogenesis of the X-linked 
recessive lymphoproliferative syndrome. Am.J. 
Med. 62, 225-233 (1977) 

Reece, E.R., Gartner, J.G., Seemayer, T.A., Joncas, 
J.H., and Pagano, J.S., Epstein-Barr virus in a 

malignant lymphoproliferative disorder of B
cells occurring after thymic epithelial trans
plantation for combined immunodeficiency. Cancer 
Re s. 4 1, 4 24 3 - 4 24 7 (1 9 81 ) 

Reichert, C.M., O'Leary, T.J., Levens, D.L., 
Simmrell, C.R., and Macher, A.M., Autopsy pathol-



129 

ogy in the acquired immune deficiency syndrome. 
Am. J. P a tho 1. 11 2, 3 57- 3 8 2 (1 9 8 3 ) 

Robinson, J.E., Smith, D., and Niederman, J., 
Plasmacytic differentiation of circulating Ep
stein-Barr virus-infected B-lymphocytes during 
acute infectious mononucleosis. J.Exp.Med. 153, 
235-244 (1981) 

Rosen, A., Gergely, P., Jondal, M., and Klein,G., 
Polyclonal Ig production after Epstein-Barr 
virus infection of human leukocytes in vitro. 
Nature 267, 52-54 (1977) 

Seemayer, T.A., Laroche, A.C., Russo, P., Male
branche, R., Arnoux, E., Guerin, J.M., Pierre, G., 
Dupuy, J.M., Gartner, J.G., Lapp, W.J., Spira,T. 
J., and Elie, R., Precocious thymic involution 

manifest by epithelial injury in the acquired 
immune deficiency syndrome. Hum. Pathol. 15, 
469-474 (1984) 

Sesterhenn, K., Krueger, G.R.F., Uhlmann, Ch., 
Ablashi, D.V., Samii, H., Wustrow, F., and Fischer, 
R., Klassifikation maligner Lymphome des Halsbe-

reiches: Kombinierte morphologische, immunzyto
logische, serologische und zellkulturuntersu
chungen. Laryngol.Rhinol.Otol. 55, 823-832 (1976) 

Sizaret, P., O'eonor, G.T., Kretschmar, W., Bau
mont, R., and Laval, M., Serum protein patterns 
in mice following primary and challange infection 

with plasmodium berghei. (ref.to Krueger & 
O'Conor, 1972) 

Sonnabend, J., Witkin, S.S., and Purtilo, D.T., 
Acquired immunodeficiency syndrome, opportun
istic infections, and malignancies in male ho
mosexuals. A hypothesis of etiologic factors 
in pathogenesis. J.Amer.Med.Ass. 249, 2370-
2374 (1983) 

Sonnabend, J.A., Witkin, S.S., Purtilo, R.B., and 
Purtilo, D.T., The syndrome of acquired immune 

deficiency among a subset of homosexual men. In: 



130 

Purtilo, D.T., Immune deficiency and cancer. 

Plenum Med.Book Co., New York (1984) 

Sundar, S.K., Ablashi, D.V., Kamaraju, L.S., Le
vine, P.H., Faggioni, A., Armstrong, G.R., Pear
son, G.R., Krueger, G.R.F., Hewetson, J.F., Ber
tram, G., Sesterhenn, K., and Menezes, J., Sera 

from patients with undifferentiated nasophar
yngeal carcinoma contain a factor which abrog
ates specific Epstein-Barr virus antigen-induc
ed lymphocyte response. Int.J.Cancer 29, 407-
412 (1982) 

Syrjanen, K.J., The lymph nodes. Reaction to exp
erimental and human tumors. Exp.Pathol. (Suppl.) 
8, 1-123 (1982) 

Volsky, D.J., Shapiro, I.M., and Klein,G., Trans
fer of Epstein-Barr virus receptors to receptor
negative cells permits virus penetration and 
antigen expression. Proc.Natl.Acad.Sci. USA 77, 
5453 (1980) 

Warnke, R. and Levy, R., Tissue section immunol
ogical methods in lymphomas. In: R.A.DeLellis 
(ed.), Diagnostic immunohistochemistry. Masson 
Publ.lnc. USA, New York (1981) 

Wolf, H., Bayliss, G.J., and Wilmes, E., Biolog
ical properties of Epstein-Barr virus. In: 
E.Grundmann, G.R.F.Krueger, and D.V.Ablashi(ed • .) 
Nasopharyngeal carcinoma. G.Fischer Verlag, 
Stuttgart (1981) 

wustrow, J., Karpinski, A., Haas, W., Krueger, G. 
R.F., Bertram, G., and Sesterhenn, K., Correlat

ion of hi-tological NPC tumor types with local 
and perpheral T- and B-cell values. In: E.Grund
mann, G.R.F.Krueger, and D.V.Ablashi (eds.), 
Nasopharyngeal carcinoma. G.Fischer Verlag, 
Stuttgart (1981) 



11 

The "Family Study" Approach to Investigating the Role of 
Genetic Factors in Nasopharyngeal Carcinoma 

1 2 Sherri J. Bale, Ph.D., Allen E. Bale, M.D., 
Paul H. Levine, M.D. 2 

lEnvironmental Epidemiology Branch 
2Clinical Epidemiology Branch 

National Cancer Institute 
Bethesda, Maryland 20205 

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 Bw46 have an increased risk for the disease (Simons, et 
al., 1978), and familial clustering has been reported (Nevo, 
et a1., 1971; Ho, 1972; Williams and de The, 1974; 
Lanier, et a1., 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 
The, 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. Def.ining 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," whJ.ch 
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 Igl\ antibodies to EIW viral capsid antigen (VCA) 
(Li, et al., 1983). Elevated 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 
a1.,1984). 

Physical findings may also be markers for the NPC gene. 
Host 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). If 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 cafe-au-lait spots and a variety of benign 
tumors 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. In 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 
mali8nancies 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 ~he syndrome. 

B. Collection of Pedigrees 

A "proband" is an individual of extreme phenotype who 
brings a family to the attention of an investigator. In 
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. For example, such a rule might be stated as, 
"Probands are defined as all individuals with the discharge 
diagnosis of NPC who were admitted to lbspitals A, Band 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, pro bands 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 pro bands. 

Non-adherence to an ascertainment rule may lead to the 
inference of an incorrect etiologic mechanism of the disease 
trait. In 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. If 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 pro bands 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 pro bands 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. In 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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PROBAND ~ , . RELATIVE ~ 2' RELATIVE 8 3' RELATIVE 0 SPOUSE 

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. 

II. 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 nrultifactorial 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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ESD-2.1 ESD-ll 

ESD-l 1 ESD-l.l ESD-l.l ESD-2.1 ESD-21 

ESD-2_1 ESD-l.l 

ESD-l.l ESD-l.l ESD-l,l ESD-2.1 ESD-2.1 

e _ Individual affected with retinoblastoma 

o D Unaffected individual 

ESO-2,1 Esterase-O genotype 

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 chi 1d. If two genes are linked then 
the segregation ratios predicted by Mendel's laws are 
distorted. In 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, e t 
al., 1983). In 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 mayor may not be genetic. For example, there is an 
association between nasopharyngeal carcinoma and the HLA-B 
type Ew46 (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 Ew46 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 aI, 1980; Nielsen et aI, 1977, 
1978; Wallace et aI, 1963; Hallen 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 a1, 1963; Arthaud, 1972; Nielsen et aI, 1977). These 
malignant lymphoepithelial lesions (HLEL) are 
characterized by islands of anaplastic cells in a dense 
lymphocytic background. 

Al though the maj ori ty of tumors of this type have 
been reported to date among Eskimos, there have also been 
reports of malignant 1 ympho ep ithe lial 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 
HLEL. To date, tumor tissues from Eskimo patients with 
HLEL, (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 lesion, 
provided an opportunity to study the tumor for EBV and 
morphologic characteristics, and to evaluate the patient 
for evidence uf 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 MLF.L. The key features of the tumor 
islands include the increased nuc1eo- cytoplasmic ratio, 
the increased mitoti (: T·at.p., and a re1ati VP. 1 a~k of 
differentiation. On the peripheJ'Y of t.he tumor were 
areas that morphologically resembled benign 
lymphoepithelial lesions. 

Multiple nasopharyngeal biopHies were negative. On 
immunocytochemistry, the neoplasti (: c:e 11s reacted with 
anticytokeratin antibodies; and the lymphocytic 
infiltrate reacted to antibodies of both pan-T- cell and 
pan B· cell specificit i P.H, hut. with a T-cell 
predominance. Additional staining indicated that 
suppressor T-cells predominated over helper T-ce11s. On 
electron microscopy the neoplastic cells showed evidence 
of epidermoid differentiation, including basement 
membranes and desmosomes. 

EBV studies included touch prints fOT' RRNA 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 
1ymphoepithe1ial lesion of the parotid gland, and normal 
salivary gland tissues from 7 other patients tested were 
negative for EBNA and ERV ONA. 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-yeA 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 
SjogT'en's syndrome antigens (SS-A and SS-B) were not 
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detected. Clinically, the patient described a 1-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 list of EBV-associated 
malignancies. 
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NASOPHARYNGEAL CARCINOMA : EARLY DETECTION AND IGA-RELATED 

PRE-NPC CONDITION. ACHIEVEMENTS AND PROSPECTIVES 

ZENG, Yi and de THE, Guy 

INSTITUTE OF VIROLOGY-BEIJING- PRC and 
CNRS LABORATORY, FAC. OF MED. A. CARREL, LYON 
FRANCE 

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-The, 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-The (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 aI, 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 aI, 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 aI, 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 % 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%) 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 
90% 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 II 00 000, 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%) 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 1% IgA/VCA positive (151 persons) and 
7 cases of NPC were detected. In the Han majority, 0,6% of 
the surveyed population had IgA/VCA antibodies and 6 cases 
of NPC were detected (Tao et aI, in press). 

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

Whereas immunofluorescent (Desgranges and de The,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 Zeng et aI, 1983 (using 125 I-labelled antihuman IgA 
antibodies) detected IgA/EA antibodies in 96% 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 4% 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 43% 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 aI, 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 tests and 
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. 

11- IGA RELATED PRE NPC CONDITIONS 

It appears as if the presence of IgA antibody to VCA 
and to EA represents pre NPC conditions (de-The, Zeng et 
aI, 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
ge~l mucosa without histopathological nor clinical evidence 
of NPC (Desgranges et aI, 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 aI, 1983). As seen in table 5, l3 of the 

62 IgA/VCA positive specimen (2l%), and 6 out of the 39 
IgA negative specimen (l5.4%), 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 l5 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 aI, 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, 34% of 
IgA/VCA positive and 20% 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. 
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Stability and fluctuation in IgA/VCA antibody titers 
and relation to risk of NPC 

In the County of Zang Wu 1 138 individuals with IgA/ 
VCA antibodies were followed for 3 years from both 
the serological and clinical view-points. Table 6 shows 
that 40% of them (455 individuals) exhibited stable 
IgA/VCA titers. Among those, 6 developed NPC within 3 
years of follow-up (1.3%). 398 individuals (35%) 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 (18.5%). These results (Zeng et aI, 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 
;nability to detect sub-clinical tumorous growth in the 
submucosa of the nasopharynx remains to be determined. 

III - 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 sta~es is obvious (43% versus 1.7% detected 
at stage I) . Such ashift should have a critical impact on 
mortality by NPC, if one considers the 5 year survival 
rates after radiotherapy according to clinical stages. In 
Shangha~ for example (Zeng personal communication), more 
than 90% 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 70% 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 I, 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 aI, 1983) or possibly 
associated with bacterial flora in the nasopharynx (Zeng 
et aI, in press). 

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

Stages 
N° of cases I II III IV 

Outpatient 
N I 066 18 312 556 180 

Clinic % 100% 1. 7% 51.3% 51.3% 17.2% 

Serological+ N 35 15 17 3 
screening % 100% 43% 48.5% 8.5% 
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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., 
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55905, U.S.A. 

SUMMARY 

Tnis 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 patient~ 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;lRingborg ~ 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 I), 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 
highest dilution seru;-that caused significant ADCC 
(Student's ~ 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 
czrtain 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 
>1:7,680 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: 89% 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, 50% 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 
(IgA) (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 veA (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 VeA (IgA) responses 
showed a significant difference among the subgroups 
(p < 0.05). Percentage of positive VeA (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 AJe 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). In 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., 
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].) 

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. In 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, 

C) 
c 
> 
> 
~ 

::) 

en 
Q) 
C) 
n:l ..... 
c 
Q) 
() 
~ 

Q) 

c.. 

100 
90 
80 
70 

60 

50 

40 

30 

20 

10 
o 

High ADCC Titer 

Total (n= 107) 

Low ADCC Titer 
480-5760 (n=50) 

234 

Years after diagnosis 

5 

Fig. 2. Actuarial survival of patients with WHO 2 or 
3 carcinomas on basis of ADCC titers at diagnosis. (From 
Neel, H.B., Ill, 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, 59% 
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 (f < 0.0001). 
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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 ~., 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). In 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 
(IgA) 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~o-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. IgA 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 
difference 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,lMalays and Indians 
per 100,000 is 16.5, 2.3 and 1.0 for males and 7.2, 0.7 
and nil for females respectively (Armstrong et al., 1979). 
In the ethnic minority groups, like the Kadazan5: 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-l cells fixed in col~acetone served 
for detection of antibodies to VCA. Raji cells superinfec
ted with P3HR-l 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). All 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. 

Serologic tests 

IgG Anti-VCA 

% Positives 
GMT of pos it i ves 
Range 

IgA Anti-VCA 

% Positives 
GMT of positives 
Range 

IgG Anti-EA 

% Positives 
GMT of pos it i ves 
Range 

NPC 
(n = 129) 

100 
268* 

80-1280 

90 
39* 

10-160 

96 
52* 

10-160 

GMT = Geometric mean titre 

Serum donors 

Other head and 
neck tumours 

( n = 128) 

97 
36 

10-160 

4 
7 

10-20 

25 
9 

10-40 

Norma 1 s 
(n = 130) 

98 
28 

10-640 

2 
28 

10-80 

1 
1 

10-80 

* = Significantly higher titre than other groups; 
p < 0.05. 
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noth 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 GtH 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 

---·------------fgG--·a·ntT:-ilcA-Tg-A-a-nTl-VCA -TgGa-nti -(A--
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 
t itres 

The titres of the sera were analysed according to the 
WHO c1assificatio~ in order to seek an association between 
EBV-sero1ogy 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. 

Serologic tests 

IgG anti-VCA 

% Positive (GMT)* 

IgA anti-VCA 

% Positive (GMT)* 

IgG anti-EA 

% Positive (GMT)* 

WHO 1 
(n = 30) 

100 (216) 

87 (32) 

90 (47) 

WHO 2 
(n = 20) 

100 (251) 

85 (35) 

100 (44) 

* Geometric mean titre of positives. 

WHO 3 
(n = 79) 

100 (319) 

94 (39) 

99 (52) 

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 

Serologic tests 

IgG anti-VCA 

< 39 years 
> 39 years 

IgA anti-VCA 

< 39 years 
> 39 years 

IgG anti-EA 

< 39 years 
39 years 

I 

285(6)* 
219(11) 

53(5) 
34(9) 

25(6) 
25 (11 ) 

Stage of Disease 

II 

226 (16) 
215(26) 

33 (14 ) 
23(24) 

59(15) 
36 (35) 

III 

340 (21 ) 
309(24) 

58(20) 
45(22) 

65(20) 
63(23) 

IV 

320(3) 
279(22) 

80(2) 
44(20) 

80(3) 
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). 



186 

Table 5. Relationship between anti-EBV antibody titers, 
race and stage of disease. 

------------- Stage of Disease 
I II III 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 (1 5 ) 

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; Oesgranges et al., 1977; 
Pearson et al., 1983~-rhe IgG anti-EA antibody-also shows 
a high speclficity 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 
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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 ~., 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., 1 974;-Pagano, 
1974; Andersson-Anvret et al., 1977).--Moreover, Pearson 
et ale (1983) noted thar-sera from patients with WHO 2 
and~ 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 
ale (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 ale (1983) who found the co
existence of more tKan-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 ale 1973. 1977; de The et al •• 
1975; Lynn et al •• 1 973;lNeeT 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-ritres 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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AND SEROLOGICAL LEVEL OF EB VIRUS VCA-IgA ANTIBODY IN 

NASOPHARYNGEAL CARCINOMA 
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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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I NTRODUCTI ON 

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 Vlrus VCA-IgA serum antTbody 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
gi tis. 

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=l :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 

II 48 43 89.6 1: 25 

III 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+Nl) was significant (O.05>P>0.0l). 

III. 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* % wi th High Ti ter* % GMT 

Sex Male 96 87 90.6 lS.6 1: 31 
P>.OS lS P>O.OS 

Female 31 29 93.S 12.9 1 :38 

Age i SO 80 7S 93.8 11.3 1 :31 
P>O.OS P>O.OS 

> SO 47 41 87.2 10 21.3 1 :36 

Survival i 1 yr. 96 87 90.6 10 10.4 1 :29 
P>O.OS O.OS>P>O.01 

> 1 yr. 31 29 93.S 9 29.0 1 :47 

TO + Tl 70 64 91.4 8 11.4 1 :30 

T2 3S 31 88.6 P>O.OS 20.0 P>O.OS 1 :32 

T3 + T4 22 21 9S.S 4 18.2 1 :4S 

NO 26 19 73.1 3 11.S 1 :18 

Nl Sl 48 94.1 
NO:Nl+NrN? 
O.OS>P> .0 4 7.8 

NO+Nl : NO+N? 
O.OS>P> .0 1 :30 

N2 46 45 97.8 10 21.7 1 :48 

N3 4 4 100.0 2 SO.O 1 :80 

Nl + H2 + N3 101 97 96.0 16 lS.8 1 :38 

* VCA-IgA Serum Antibody Titer> l:S 
** VCA-IgA Serum Antibody Titer I 1 :160 

Table 3. Histopathological Charaeleristies and VCA-IgA Serum Antibody Leve1_ 

in 127 NPC Patients 

No. of No. (X) of No. (%) of Cases 
Cases Positive Cases wi th Hi gh Ti ter GMT 

Undi ff. Care. 1 (100) 0 (0) 1 : 10 
Histological Poor1y-diff. Sq. 
c1assifica- Cell Care. 108 99 (92) 18 (17) 1 :36 
tion Vesiculo-nuc. Cell 10 10 (100) 1 (10) 1 : 16 

Care. 
Poorly-diff. Adeno 
Care. 7 6 (86) 0 (0) 1 : 9 

Well-diff. Sq. Cell 
o (0) Care. 0 ( 0) 0 

Massive Form 34 32 (94) 4 (12) 1:28 
Growth Alveolar or 
pattern: Trabeeul ar Form 31 27 (87) 5 (16 ) 1 : 31 

Oi ffuse Form 15 13 (87) 2 (13 ) 1 :32 

Parenchymatous Type 30 29 (97) 4 (13) 32 
Tumor Intermediate Type 41 37 ! 90 l 7 !17) 1 33 
structure: Stroma tou s Type 9 6 67 o 0) 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 GMT 1 :53. The difference was significant 
(0.05> P>O.Ol). No similar relation was found in lymphocytes 
(Table 4). 

Table 4. Lymphocytes, Pl asma Ce 11 sand VCA-IgA Serum Anti body in 80 NPC Pati ents 

No. of No. ~) of No. (%)of Cases 
Cases positive Cases wi th High Ti ter GMT 

Sma 11 amount 60 54 (90) 7 (12) 1 :29 
Lymphocyte in tumor 
Parenchyma 

Mod. -large 20 18 (90) 4 (20) 1: 31 
amount 

Sma 11 amoun t 24 20 (83) 3 (12.5) 1 :25 
Lymphocytes in tumor 

Mod. -large 56 52 (93) 8 (14) 1: 33 

Sma 11 amount 58 
Plasma cells in 

53 (91) 4 (7)- 1 :26 

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 19 in plasma cells of NPC. 

Cytoplasmic IgA, 19G and 19M in tissue plasma cells 
of 68 NPC and 40 chronic nasopharyngitis biopsies were 
studied with PAP technique and EB virus VCA-1gA serum 
antibody was assayed. 19A+ plasma cells were much more 
common in NPC than in chronic nasopharyngitis. No such 
difference was shown in 19G+ plasma cells (Table 5). 19M 
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-1gA 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 
.5.10/HPF ~ P llO/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 
Nasopharyngi ti s 

No. of Cases IgG+ Plasma Cells 

11'10. or I.;ases 1'10. ot I.;ases 
.5.10/HPF ~ P llO/HPF ~ P 

NPC 68 48 70.6 20 29.4 

P>0.05 P>0.05 

Chronic 40 25 62.5 15 37.5 
Nasopharyngi ti s 

Table 6. IgA+ plasma cells and VCA-IgA Serum Antibody 

Level in 68 NPC Patients 

Amount of IgA+ Plasma Cells No. of Cases GMT 

i 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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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 lining 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 like 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 lining 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-ant i-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 3% 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. 

~egative 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 ~~D DISCUSSION 

Distribution of CEA in nasopharyngeal epithelium 

Among 52 cases of chronic nasopharyngitis, the naso
pharyngeal mucosa of 42 cases was over lined 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. Its 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 71.4% (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 

CEA+ 
~. of Cases No. of Cases % 

TO 28 6 21.4 
Tl T4 50 17 34.0 

NO 16 3 18.8 
Nl 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 meso pharyngeal 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 I), data from our own prospective 
study (1979-1983), show markedly elevated rates (Fig. 1). 
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Table 1: Incidence 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 
M F -------c--:-------t-=--t--"--

German Democratic Republic* 
Federal Republic of Germany (FRG) 
Saarland, FRG* 
Hamburg, FRG* 
Cologne, FRG** 
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1.1 0.3 

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 1st, 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 a1., 1974 and 1975; Chan and Simons, 1977; Chan et 
a1.-,-1983). Comparable findings of HLA-association~or 
low-risk tumor patients have not been found up to now 
(Kruger ~ a1., 1981; Beigel ~ 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 tfunual as described 
elsewhere (Kruger ~ 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-l1, and B-17 antigens, 
which are changed significantly in patients in high-risk 
regions (Chan and Simons, 1977, Chan et a1., 1983, Simons 
et a1., 1974, 1975, and 1978), showed-Uo-;berrations 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 playa role 
in determining both susceptibility for NPC and prognosis 
(Chan ~ a1., 1983; Simons ~ a1., 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) 

A1 16/57 8/39 3/11 1/141 
A2 28 17 6 86 P 
A3 25 18 4 1 
A9 11 9 ~ 47 
A10 5 5 2 13 
A11 3 3 2 57 P 
Aw19 ~ ~ ~ 22 
A28 2 1 ~ ~ 
A29 2 2 2 1 
Aw30/31 4 2 ~ ~ 
Aw32 7 6 ~ ~ 
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 4 2 
B13 1 1 1 19 
B14 4 3 ~ ~ 
B15 5 5 3 26 
Bw16 2 1 1 14 
B17 5 4 1 40 P 
B18 4 4 ~ 1 
Bw21 3 3 ~ ~ 
Bw22 2 2 ~ 9 
B27 3 ~ P ~ 4 
Bw35 4 4 1 8 
B37 3 3 ~ 2 
B40 7 4 2 53 
Bw41 1 1 1 ~ 
Bw46 ~ ~ ~ 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 ~ 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 

A2 
A3 
All 

B5 
B13 
B17 
B27 
Bw46 

high-risk 
% p 

61.0 0.064 
1.0 

40.4 0.004 

13 .5 
13 .5 
28.4 0.02 

2.8 
34.0 0.008 

AREA 
low-risk 

% 

49.1 
43.8 

5.3 

29.8 
1.8 
8.8 

(5.2)* 
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; Klein 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-Iymphocyte 
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 ?roliferation (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-U1-IR1-U2-IR2-
U3-IR3-U4-IR4-U5-TR where TR are direct-tandem 550 bp 
repeats (Given et al., 1979); IR1, 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. IR3 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; Dambaugh 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 vit~~ 
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 1q71). EBV DNA is heavily methylated in contrast to 
virion DNA which is not methylated (Kintner and Sugden 
1q81). 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 
passagerl extensively in vitro (Heller et al., 1981). These 
defective molecules are characteristically deleted for 
parts of the genome. It has not been established whether 
the deleted molecules are maintained as episomes or are 
integrated into cell DNA. 

Analysis of cells for integraterl 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. In 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 I 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, establisherl 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 90% 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 K 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 B9s-8 isolate of EBV 
which has a smaller BcoRI 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 RcoRI 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 U1. EcoRI, BamHI, BglII and PstI restriction 
endonucleases do not cleave within TR and therefore 
generate fragments from episomes in which part of US is 
linked to TR and U1 (Figure 1). TR probe identified two 
Namalwa fragments. One putative junction fragment (JUS) 
hybridizes to US and not U1; while the second (JU1) 
hybridizes to U1 and US. The IB4 results are more 
complicated. In this instance, all BgIII, BamHI and PstI 
fragments identified by TR also hybridized to US and to the 
U1 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 unlinke~ in some IB4 EBV DNA molecules and not in 
others. EcoRI I, TR and US 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 JUsTRU1, for a putative 
juncture fragment). Similar data were obtained with PstI 
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 US 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 lB) 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 lB) 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 US-TR portion of LJ DNA 
and the Ul-TR portion of 5J 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. In 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 US, 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 US or 
Ul. The single-dashed underlines indicate the lO-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 inter sequence 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 juncUon (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
mentsaltering 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 a1., 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 LTI gene includes the EBV DNA IR1 and U2 domains 
(Powell et al., 1979; King et al., 1980, 1981; 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 IR1 and terminates at a polyadeny1ation 
site in U2. There is a promoter in each copy of IR1 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; ~ennessy 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. IR2d 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 LT1 gene is important in initiation of growth 
transformation. First, P3HR-1 virus which is deleted for 
the U2 domain of LT1 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 EBNAI 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 EBNA1 (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-l alpha promoter directly 
to the open reading frame resulting in expression for EBNAI 
protein of the same size as that found in latently infected 
cells (Hummel et al., unpublished observations). 

The complete amino acid sequence of the EBNA1 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 EBNAI 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 
EBNAI. Thus, EBNAI may be similar to SV40 T antigen in its 
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Fig. 4. Amino acid sequence of EBNA1 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 
EBNA1 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 S. 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 is 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. S. A model of the EBV protein as it might be situated 
in the membrane. The portion of the US latent protein ex
pressed in pKHS48 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 r '~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 ERNAI 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 ERNA1, 
EBNA2 or LYDMA proteins and the proteins encoded by these 
other viruses. It is likely therefore that identification 
of the precise functions of the ERV 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 ERV 
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 UI 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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THE VIRAL GENOME 
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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-~. 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 PJI-IR-l, 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 antigen 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 r suspen
sion with the appropriate recombinant vector DNA (10 cells/l0 
].Ig DNA/m!) using the calcium phosphate-DNA precipitation tech
nique of Graham and van der Eb (1973) as modified by Shen et ale 
(1982). After 3 days in DMEM containing ~% 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 (250].lg/m!), mycophenolic acid (8 ].Ig/m!), 
hypoxanthine (15 ].Ig/m!), aminopterin (2 ].Ig/m!), and thymidine (10 
].Ig/m!). 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 (GIBCD) 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-gE.! and pSV2-gE.!/~II del were 
obtained from Paul Berg, Stanford University, CA. pSV2-
gE.!/BglII del is a variant of the pSV2-gE.! plasmid where the first 
121 nucleotides of the .9E! segment including the B51II cleavage 
site have been deleted (Mulligan and Berg, 1981. A cosmid 
derivative of pSV2-gE.!, designated pSV2-gE.!·~2, 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
guences 

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 Band 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-.sl2! or pSV2-.sl2!°cos2 by standard tech
niques. The EcoRI fragments Band Dend containing vectors were 
designated pEB-.sl2! and pEDend-.sl2!(RaJi) and the BamHI H, K and 
M containing vectors pBH-.sl2!, pBK-.sl2! and pBM-.sl2!, 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-.sl2!°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 pE.6A1-.sl2!, pE~A2-.sl2!, 
p~3-.sl2!, pEbA4-.sl2!, and pEL\.A5-.sl2! were selected on the 
basis of their EBV DNA BamHI fragment composition and used for 
transfection experiments. The pE4A1-.sl2! clone contains the left 
part (on the conventional map) of the EcoRI A fragment up to and 
including the BamHI F fragment. The pffiA2-.sl2! clone has lost 
the BamHI F fragment, the pELlA3-.sl2! clone the BamHI F and H 
fragments, and the pE4A4-.sl2! clone the BamHI F, Hand Y 
fragments as compared to the pELlAl clone. The pEL\A5-.sl2! 
clone consists of the right end of the EcoRI A fragment and lacks 
the BamHI C part. 
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Tranformation of NIH 3'-3 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 vander 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 pE6,A3-.9E! and 
pEAA5-.9E! transfected cells where only two and three positive 
clones had been obtained, 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-.9E!, pE~A2-
.9E!, and pEAA5-.9E! 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 (p~A3-.9E!) 
or the BamHI Hand Y fragments (p(6A4-.9E!) 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 d fragment, which includes the 
third region of the EBV genom~~ranscribed in transformed, non
virusproducing cells, did not contain nuclear antigens detectable 
with the ACIF test. 
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Tablel~EBV:associate(rarltlgens-in-cens-tranformed Witt; -reco-m-=
binant selection vectors containing EBV DNA fragments 
Recomblna-n-t------ -----Antigen containi ng clones~-----------
vector number of positives/number tested 

EA VCA EBNA 
pEM-f~gpt rCWYHFJ~-----fiT5-----0l5------4T5--------

pE~A2-ge! (CWYH)~ 0/5 0/5 5/5 
pE~A3-ge! (CW:'Q~ 0/2 0/2 0/2 
pE~A4-ge! (CW)!:!. 0/5 0/5 0/5 
pE~A5-ge! (WYHFQU~ 0/3 0/3 1/3 
pBH-ge! NT NT 0/5 
pEB-ge! 0/5 0/5 0/5 
pBK-ge! 0/5 0/5 4/5 
pBM-ge! NT NT 0/5 
pEDend-ge! (Raji) 0/5 0/5 0/5 
EA----~earlyarii:Tgen -----.- -- ------ -------.-- --- ----- -----
VCA = viral capsid antigen 
EBNA = EBV-determined nuclear antigen 
NT = not tested 

~At 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. 

~Letters within parenthesis 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 reoeived 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 regions of the EcoRI A fragment were 
not neccessary for the expression of the nuclear antigen and the 
BamHI Wand Y region did not seem to be sufficient. Further
'iTi"Ore, 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 transcripUssynthesised 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 TAT AAA) 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 EBNA1 
(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 
representstill 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 recenfiYbeen demon
strated by immunoblotting techniques that monkey COS cells 
transfected with p~A2-.9E! 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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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 IRI-U2 region. The cDNA 
contains several repeats of two exons, 66 and 132 bp, which 
are transcribed from the IRI 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-l non-immortalizing virus, this 
polypeptide might be involved in the process of growth
transformation of B-lymphocytes. 

INTRODUCTION 
3 The Epstein-Barr virus (EBV) genome is nearly 

170 x 10 bp. Several clusters of repeated sequences, 
designated TR, IRl, 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 lA). Studies about the P3HR-l non
immortalizing virus suggest that the IRI-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 IRI-U2 
region. A non-integral number of the IRI repeat separates 
Ul and U2. IRl(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-l 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-HCI 
(pH 7.8), 150 mM NaCI, 5 mM MgCl 2 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 Sl 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 HB101 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 PstI insert is nearly 1 kb. The locations of three SmaI 
and three HinfI restriction sites suggested the presence of 
a repeated sequence (Figure 2A). The sequencing strategy 
used for the PstI 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. 
(e) 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 Ie). The junctions between exons and introns 
follow the GT-AG rule (Breatlmach and ehambon, ~_981 ; 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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10 20 30 40 50, 60 70 
5' (G) 16 TAGAAGGGTCCTCGTCCAGCAAGAAGAGGAGGTGGTAAGCGGTTCACCTTCAGGGCCTAGGGGAGACCGAAGT 

RRVLVQQEEE VVSGSPSGPRGORS 

80 90 100 110 120, 130 140 150 
GAAGGCCC TGGACCAACCCGGCCC GGoCCC C C CGGT A TCGGGCCAGAGGGTC CCC TCGGACAGC T CC T AAGAAGGCACCGG 
EGPGPTRPGPPGIGPEGPLGQLLRRHR 

160 170 180 190 200 210 220 230 
TCGCCCAGTCCTACCAGAGGGGGCCAAGAACCCAGACGAGTCCGTAGAAGGGTCCTCGTCCAGCAAGAAGAGGAGGTGGTA 
SPSPTRGGQEPRRVRRRVLVQQEEEVV 

240 250, 260 270 280 290 300 310 
AGCGGTTCACC T TCAGGGCCT AGGGGAGACC GAAGTGAAGGCCC T GGACCAACCCGGCCCGGGCCCCCCGGT A TCGGGCCA 
SGSPSGPRGORSEGPGPTRPGPPGIGP 

, ~ ~ ~ ~ m _ m 
GAGGGTCCCCTCGGACAGCTCCTAAGAAGGCACCGGTCGCCCAGTCCTACCAGAGGGGGCCAAGAACCCAGACGAGTCCGT 
EGPLGQLLRRHRSPSPTRGGQEPRRVR 

400 410 420 430 440 450 , 460 470 
AGAAGGGTCC TCGTCCAGCAAGAAGAGGAGGTGGT AAGCGGTT CACC TTCAGGGCCT AGGGGAGACCGAAGTGAAGGCCC T 
RRVLVQQEEEVVSGSPSGPRGORSEGP 

490 500 510 , 530 540 550 
GGACCAACCCGGCCCGGGCCCCCCGGTATCGGGCCAGAGGGTCCCCTCGGACAGCTCCTAAGAAGGCACCGGTCGCCCAGT 
GPTRPGPPGIGPEGPLGQLLRRHRSPS 

570 580 590 600 610 620 630 640 
CCTACCAGAGGGGGCCAAGAACCCAGACGAGTCCGTAGAAGGGTCCTCGTCCAGCAAGAAGAGGAGGTGGTAAGCGGTTCA 
PTRGGQEPRRVRRRVLVQQEEEVVSGS 

, 660 670 680, 690 700 710 720 
CC TTCAGGGCCACTACGGCCACGTCCCCGGCC TCCAGCT CGGT C TC TT AGAGAGT GGCTGCTAC GCA TT AGAGACCACTTT 
PSGPLRPRPRPPARSLREWLLRIROHF 

730 740 750 760 770 780 790 800 
GAGCCACCCACAGT AACCACCCAGCGCCAA TCTGTCT ACA T AGAAGAAGAAGAGGA TGAAGACT AAGTCACAGGCTT AGCC 
EPPTVTTQRQSVYIEEEEOEO 

, 810 820 830 840 850 860, 870 880 
AGTAACCCAGCACTGGCGTGTGACGTGGTGTAAAGTTTTGCCTGAACCTGTGGTTGGGCAGACCCCGCAGACTTAGACGAA 

890 900 910 920 930 940 950 960 
AGTTGGGA TT ACA T TT TT GAGACAACAGAA T C T CC T AGCTCAGA T GAAGA TT A TGTGGAGGGACCCAGTAAAAGACCTCGC 

970 980 990 1000 
CCCTCCATCCAGT AAAAACCCTTGCCCTCTCCAGCAAACAA TG (C) 17 3' 

Figure 3 : Nucleotide sequence of the PstI 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 SmaI-PstI 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 IRI-U2 region of the viral genome. The cDNA 
contains several tandem repeats of two exons, 66 and 
132 bp, transcribed from IRl, 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 IRI 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 IRI region. Each IRI 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-l virus 
(Figure lC). 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 KINASE 

E1 i zabeth Fowl er 

Dept. of Microbiology and Immunology 
University of South Alabama 
Mobile, Alabama 36688 

SUMMARY 

Biologically active Epstein-Barr Vlrlons 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. Nuc1eocapsids 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 
autophosphory1ated virions and nuc1eocapsids 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, 1 ike other herpes viruses, has an 
endogeneous protei n ki nase acti vi ty contai ned in its 
nucleocapsid. 
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I NTRODUCTI ON 

Several herpes vi ruses have been reported to possess 
protein kinase activity (Lemaster and Roizman, 1980; 
Randall et al., 1972; Rubenstein et al., 1972; Mar et al., 
1981) w h i Ch i s con t a i ned i n the n u c 1 eo cap s i d an d 
phosphorylates virion structural proteins. We have recently 
developed a two step purifi cati on for Epstei n-Barr vi rus 
(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 puriITed 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 line (Miller et 
al., 1972) by centrifugation at 17,000 x g for 90 min. The 
pellet from 3 1 of culture fluid was suspended in 8 ml 
0.15M NaCl, 3.4mM KC1, 9.4mM NaHP04' 1.7mM KH2P04' 1mM 
CaC12' 0.5mM MgC1 2, 100 lJg/ml bacitracin, pH 7.4. This 
preparation is referred to as crude virus. Preparations 
were routinel y 3 labeled by culturing cells in the presence 
o f 2 lJ C / m 1 H - thy mid i n e • C s C 1 ~ ens i ty g r a die n t 
centrifugation showed that 95% of the H-ONA 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). 
Nucl eocapsi ds were prepared by treatmentof purifi ed 
virions with 2% NP-40, 0.5% Na deoxycholate, H1 urea for Ih 
at 40 C followed by pelleting 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 preparation3~as 
determined by dot hybridization analysis using a Zp_ 
labeled BamHI W fragment (Dambaugh et al., 1980). The 
intensity of each spot was measured bydensitometry and 
compared to a standard curve constructed using known 
amounts of unlabeled BamH1 W fragment. EBV was assayed for 
its capacity to bindl10 Raji cells using the indirect 
immunofluorescent assay described by Simmons et~. (1983). 

Protein kinase activity was assayed using a standard 
reaction mixture containing 0.05M Tris HC1, P~28.0, 0.05~1 
MgC12' 1mM dithiothreitol, 1% NP-40, [t- P]ATP (10 
.uC/reaction, specific activity adjusted to 1 C/mole). 
Reactions were incubated at 37 0 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 0.8.1.1 nitrocellulose filters 
and measured by liquid scintillation counting using 
Betafluor (National Diagnostics, Somerville, NJ). 

Viral proteins were analyzed by SDS gel 
electrophoresis on 12.5% polyacrylamide gels (Laemmli, 
1970). Gel s were stai ned wi th sil ver (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 
preci pitabl e materi al was subjected to parti al aci d 
hydrolysis in 6N HCl for 2h at 1100C. 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 1i1 acetone to 
reveal the standards and subjected to autoradiography using 
Kodak X-Om at AR film. 
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RESULTS AND DISCUSSION 

EBV was subjected to affinity chromatography on rlCln
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 
phosphoryl ated vi ri on protei ns and was not si gnifi cantly 
enhanced by additi on 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. 



T
ab

le
 

1 

P
ro

te
in

 K
in

as
e 

A
ct

iv
it

y
 o

f 
EB

V 
P

re
pa

ra
ti

on
s 

1
. 

C
ru

de
 

vi
ru

s 

2.
 

R
ic

in
 e

lu
at

e 

3.
 

N
yc

od
en

z 
p

u
ri

fi
ed

 v
ir

io
n

s 

4.
 

N
uc

le
oc

ap
si

ds
 

32
p 

in
co

rp
or

at
io

na
 

EB
V 

ge
no

m
e 

15
9 

11
8 

11
2 98
 

%
 A

ct
iv

it
y 

10
0 74
 

70
 

62
 

a 
S~

~n
da

rd
 r

ea
ct

io
ns

 w
er

e 
pe

rf
or

m
ed

 a
s 

de
sc

ri
be

d 
in

 m
et

ho
ds

. 
Th

e 
am

ou
nt

 
o

f 
P 

in
co

rp
or

at
ed

 w
as

 
co

rr
ec

te
d 

fo
r 

th
e 

nu
m

be
r 

o
f 

EB
V 

ge
no

m
es

 
de

te
rm

in
ed

 b
y 

do
t 

hy
br

id
iz

at
io

n.
 

N
 .....
. '""' 



272 

COPUR I FICA ' IO~ OF PHOSPHOKIIASE P.CTI VITY ~ I IH EOV 

~ .. '"'"] .200 · • ·~.'2 
\QS 

1251 (P~ 2800 

"00 

8000 80 

321'04 (PM 
7S 

2000 50 
I NC01POAATED I 

'15 FLWRESCEiIT 

1000 .0 
CELLS 

15 

0 0 

0 10 20 to "0 SO 
F!lACTlml 

DOT HYBRIDIZATION ACROSS NYCODENZ GRADIErn 

14 15 16 17 18 • • • • 19 20 2 1 22 23 

eeee •• · 
24 25 26 27 28 29 30 3 1 32 3 3 

Figured.s Copurification of protein kinase activity with 
EB V. I -EBV (0.5 ml) was 1 ayered on a 15-35% Nycodenz 
gradient and centrifuged for 2h at 102,000 x g in a Ty65 
rotor. Fracti ons (0.2 ml) were coll ected 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 (-y- ) was 
measured on aliquots of a parallel gradient of unlabeled 
EBV. Densities were calculated from the refractive indices 
(- .. - ). Lower panel: Dot ~bri di zati on of 10 .ul 
aliquots of each fraction to a 3 P BamH1 W probe. The 
bound radioactivity was detected by autoradiography. All 
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- i oni c detergents cons i stent wi th 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, like 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 SOS gel electrophoresis 
followed by autoradiography. Four phosphorylated 
polypepti des were consi stently observed in both the 
purified virions and the nucleocapsids (Figure 2). The 
46,000, 52,000 a~~?6,OOO dalton polypeptides are prominent 
components of I -1 abel ed vi ri ons and correspond to 
nucleocapsid ~50teins identified by others (Oolyniuk et 
al., 1976) in S-methionine labeled preparations. She 
100,000 dalton polypeptide was undetectable in the 12 I
labeled preparations aY5~ou9h a protein of this size has 
been visualized in S-labeled virions, but not 
nucleocapsids. The phosphorylated 100,000 dalton 
polypeptide was present at equal intensity in the virion 
and nucleocapsid preparations. This phosphoprotein is 
unl ikely 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 SOS 
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. 
Si nce thi s was not the case, we concl ude that the 100,000 
dalton peptide is a mi3gr compp~5nt of nucleocapsids which 
was not detectable in S- or I-labeled preparations. 
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Phosphorylated Proteins 

• 

1251 V V NC 

~100K 

~76K 

~52K 

~46K 

Figure 2. SOS gel electrophoretic analysis of proteins 
phosphorylated in virions and nucleocapsids. Virions and 
nucleocapsids were isolated from Nycodenz gradients and 
phosphorylated in the standard reactioTh5 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 protei~ of known 
molecular weight run on the same gel. Left: I-virions; 
center: phosphoryl ated vi ri ons; ri ght: phosphoryl a ted 
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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Phospho Amino Acid Analysis 

0-

-----------!l_~ 0 
pH 1.9 

Figure 3. Phosphoamino acid analysis. TeA precipitable 
material in phosphorylated EB virions was hydrolyzed for 2h 
at 110 0 C. The hydrolysate was appl ied to a cellose pl ate 
for two di mensi onal el ectrophoresi s 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-l strain of 
EBV. 
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INTRODUCTION 

When lymphoblastoid cells that are latently infected 
with Epstein-Barr virus (EBV) are suoerinfected with the 
P3HR-l 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-l EBV 
that contains standard and defective genomes (Rabson et al., 
1983; Miller et al., 1984). P3HR-l 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-l 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-l 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 illus·trates 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 P3BR-I EBV, major polyadenylated 
transcripts of 4.0, 2.6S and 1.9-kilobases (kb) were 
detected (lane I). A 2.o-kb transcript, which was 
detected in 12-o-tetradecanoylphorbol-13-acetate (TPA) -
induced B9S-8 cells (lane 3), may also have been present in 
sup~rinfected cells, but was indistinguishable on Northern 
blots due to the intensity of hybridization to transcripts 
in the 1.9 to 2.o-kb size range. Inhibition of protein 
synthesis in superinfected cells by treatment with 
cycloheximide from the time of superinfection to cell 
harvest (IS 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 (Spg/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 
S.S-kb transcript was also detected in TPA-induced P3HR-l 
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. 3~P-end-Iabeled 
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 SI 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 32P-Iabeled BamHl M DNA to 
nitrocellulose filters containing polyadenylated RNA from 
Raji cells superinfected (S.l.) with P3HR-l EBV in the 
absence (-) and presence (+) of cycloheximide; TPA-induced 
B95-8 cells; or TPA-induced P3HR-l 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 (1,11,111), 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' (land 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- pJS 184 was a 
400-bp HindIII-AvaI sub fragment (see Figure 2 for a 
restriction map of BamHI M). The 21-kbp EcoRI fragment 
also contained DNA from the BamHI B', W'I ' and A fragments. 
This was determined by hybridization of the 32P-labeled 
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-l EBV. 
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Figure 3 - Southern blots of EcoRI-or BarnHI-restricted 
P3HR-l EBV DNA hybridized to 32P-labeled BamHI a, M or S 
DNA fragments. The standard restriction fragme~ts 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, AvaI 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(cl.13) line and the MCUVS 
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 
2x106/ml, preincubated for 3h with different concentrat
ions of tunicamycin (1,2,Srg) and induced with phorbol 
ester (TPA 30ng/ml). Untreated cells with and without TPA 
were included as controls. To label DNA, 3H-thymidine 
(lrCi/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. 3H-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-Iabeled Bam HI 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. 

Treatment % Cell 
viability 

No drug 77 

2 pg Tu 74 

5 pg Tu 71 

1 Intensity of fluorescence 
2 Percent fluorescent cells 

Membrane fluorescence with 

Human Monoclonal 
anti-EBV anti-gp350/220 

++++1/35 2 ++++/40 

++/15 ++/10 

++/9 +/9 

If cells were induced in the presence of 3H- t hymidine 
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 P3HRl(cl.13) cells 
and binding of counts to EBVR+ cells 

Relative yield % of cpm bound 
Cells grown of cpm to EBVR+ cells 1 

in: 
ECV ICV ECV ICV 

No drug 100 100 22 4 

1 rg Tu 10 129 19 1 

2 rg Tu 8 i44 16 2 

5 rg Tu 5 148 18 1 

1 No counts bound to receptor negative cells 

of up to 5rg 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. 1; 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 II). 

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 Cleft 
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); ~n 
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 \.;ras not 
increased in the presence of drug (Fig. 3; panel D). In 
all these experiments, the fluorescence intensity profiles 
of virus from cells treated with 2 or 5~g of tunicamycin 
were superimposable. 

Although there was no discernable difference in the 
yield of bindable virus from MCUV5 cells treated with 2 or 
5}lg of tunicamycin, the virus obtained from MCUV5 cells 
treated \.;rith 5J.lg was not able to induce immunglobulin 
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synthesis in freshly isolated B cells (Table III). 
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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/mO 
presence of: 

ECV ICV 

No drug 7990 6312 

1 pg Tu 6226 4874 

2 rg 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. In addition there is an apparent impairment 
of the insertion 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 5~g/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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SUMMARY 

Protei n sequence compari son has revealed an analogue 
of the HSV glycoprotein B in the EBV genome. Another region 
of the EBV genome has apparently arisen by tandem gene 
duplication. Weak transcription enhancers have been 
detected in EBV and more mRNAs have been mapped. Some of 
the latent cycle mRNAs have exons derived from both the 
short and long unique regions. 

RESULTS AND DISCUSSION 

Because of the difficulty of analysing the EBV genome 
by classical genetic methods we have taken a structural 
approach to understanding the organisation and control of 
the viral gene expression. The complete DNA sequence of 
the B95-8 strain of EBV has been established using the 
random M13 cloning/dideoxynucleotide sequencing method 
(Baer et al, 1984). Computerised analysis was used to 
identify the major open translational reading frames that 
might be encoded by the DNA sequence. The principal 
reading frames were chosen on grounds of length, position 
relative to likely transcriptional signals and analysis of 
codon usage. The biased G+C composition of the EBV genome 
(59.94%) made it possible to use a simple form of codon 
usage analYSis in many regions of the genome. By this type 
of procedure we identified at least 80 likely protein 
coding regions within the viral DNA and we expect the total 
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number of genes in EBV to lie in the range of 80-100. We 
name reading frames according to the BamHI restriction 
fragment in which they begin and their direction on the 
genome. So BKRF1 is a Frame starting in the Bam K fragment 
going Rightward on the-genome. - -

Although it was obvious that the pattern of open 
readi ng frames must refl ect the pattern of genes in the 
virus we neither knew the identities of most of these genes 
nor the way in which they might be expressed. Earlier 
experiments had located most or all of the protein coding 
part of the EBNA-1 protein to the BKRF1 reading frame 
(Fischer et al, 1984; Hennessy and Kieff, 1983). Work by 
several labs (Hummel et al 1984, Biggin et al, 1984) has 
located the genes for the gp350 and gp220 components of 
membrane antigen (MA) to the BL-LF1 reading frame. 

In order to identify the functions of more of the EBV 
genes we compared the protein sequences of polypeptides 
encoded by all the major reading frames in EBV with 
computer 1 i brari es of sequences of known protei ns. From 
this analysis we found that several polypeptides encoded by 
the EBV genome are hi ghly homologous to Herpes Simpl ex 
Virus genes of known function. The reading frames BORF2 
and BaRFl are homologous to the ribonucleotide reductase 
genes of HSV1, HSV2 and also the 1 arge subunit of the E. 
Coli enzyme. Similarly the reading frame BALF5 is 
homologous to the HSV1 DNA polymerase and the frame BALF4 
is homologous to the glycoprotein B of HSV1. In the 
glycoprotein B homologues important structural elements of 
the sequence are conserved even though the degree of 
identity of sequence is quite modest in some regions. Thus 
10 out of 11 cysteine residues in the two proteins are in 
similar positions. Also a hydrophobic region in the HSV 
enzyme which is thought to anchor the protein in the cell 
membrane is matched by a similar sequence in the EBV 
protein sequence. No further protein sequence homologies 
have been detected between EBV and HSV but as more HSV 
genes are sequenced, further homologies may emerge. The 
occurrence of such homologous regions and the similarity of 
the overall virus organisation and morphology supports the 
idea of a common evolutionary origin for EBV and HSV. Some 
regi ons of the EBV genome seem to have ari sen by tandem 
duplication followed by subsequent mutational drift. The 
region between 92 - 102kb on the genome map may have been 
generated by a triplication of a progenitor sequence 
because the protein sequence of parts of the BERF1, BERF2b 
and BERF4 reading frames are all homologous to each other. 
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We have determined the structures of genes in EBV by 
physically mapping viral mRNAs on to the viral genome. 
This has been done using a combination of Northern 
blotting, S1 mapping and primer extension experiments on 
RNA from 895-8 ce 11 s. These experiments have been made 
much easier by using the very large collection of well 
characterised, small M13 clones of the EBV genome generated 
during the sequencing program. By these methods 35 mRNAs 
have been accurately mapped at the DNA sequence level and 
27 transcription promoters have been identified so far. 

These RNAs have been categorised into three regulatory 
groups, though in the future this will probably prove to be 
an oversimplification. These classes are called latent 
cycle, early productive cycle and late productive cycle. 
RNAs of the different classes are distinguished by 
comparing their levels in untreated B95-8 cells, cells 
treated for 3 days with 30-50 mg/ml of 12-0-tetradecanoyl 
-phorbol-13-acetate (TPA) and cells treated thus with TPA 
in the presence of 125 IJg/ml phosphonoacetic acid (PAA). 
TPA induces cells into the productive cycle and PAA blocks 
viral DNA synthesis, thus distinguishing the early and late 
productive cycle mRNAs. Control B95-8 cells are mostly in 
the latent viral cycle with about 0.2 - 0.5% spontaneously 
in productive infection. After TPA treatment up to 30% of 
the cells switch to the productive cycle so the levels of 
productive cycle RNAs are strongly increased (20-50 fold) 
by TPA treatment. In contrast the proportion of latent 
cycle cells is hardly affected and the level of latent 
cycle RNAs is only modestly changed by TPA treatment. PAA 
prevents the TPA induction of late RNAs but not the early 
ones. This classification is generally simple and reliable 
but we have observed a few RNAs which are only partially 
affected by PAA treatment of the cells and this may 
indicate a greater complexity of the control of expression. 

All the transcription promoters we have mapped appear 
to be of the RNA polymerase II type. This was demonstrated 
for the first 12 promoters we mapped using an RNA 
polymerase II in vitro transcription system to show that 
transcription from the promoters was inhibited by low 
levels of a-amanitin, specific for RNA polymerase II. More 
recently we have not directly tested every promoter by in 
vitro transcription but note that sequences upstream of the 
mapped transcription starts always contain a sequence 
homologous to the TATA box of polymerase II promoters. 

Although we have so far probably only mapped about 1/3 
of the EBV mRNAs, already some general features of EBV 
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transcription are apparent. There are many examples of 
overl appi ng RNAs. A very frequent arrangement is to have 
31 coterminal sets of RNAs starting at different promoters 
but sharing a common 31 end and poly A addition site. A 
similar arrangement has been seen in HSV. Usually in such 
RNAs the 1 ike 1 y prote in cod i ng sequences do not overlap, 
the longer RNAs from such families presumably having very 
long 31 untranslated regions. The different RNAs in such 
overlapping sets are not necessarily in the same regulatory 
class. In principle some such RNAs could act as 
polycistronic mRNAs but the fact that RNAs of different 
regulatory classes overlap seems to argue against this. 
There are examples of truly overl appi ng genes where the 
protein coding sequence of one RNA overlaps another either 
in different translational phases (e.g. BLLF1 and BLLF3) or 
in the same translational phase (see below). 

Sp 1 i ci ng of EBV RNAs is not uncommon and an 
interesting dichotomy in splicing is emerging. All of the 
latent cycle RNAs identified so far seem to be spliced but 
only one out of 33 productive cycle RNAs is spliced. This 
is the RNA for the gp220 MA protein and even in this case 
the corresponding unspliced RNA is also translated. The 
reason for this difference is unclear. Intervening 
sequences might permit the virus RNAs to appear more 
similar to cellular RNAs during latency. Perhaps in the in 
vivo productive cycle, production of viral RNAs is too 
rapid to be hindered by the cellular splicing machinery or 
occurs in a cell where the cellular splicing mechanism is 
damaged. 

It is not yet known whether the regulation of 
expression of EBV genes is at the transcriptional level or 
in the processing and stability of viral RNAs. There is a 
precedent for transcriptional control in Herpes simplex 
virus. Because transcriptional enhancers can have a 
profound effect on the level of expression from a promoter, 
we have tried to map enhancers in the B95-8 EBV genome. 
These experiments were in collaboration with W. Schaffner 
and F. Weber and used a defective SV40 "enhancer trap" 
system which they developed (Weber et al, 1984). SV40 
1 acki ng the 72bp repeat enhancers wi 11 not grow in CV1 
cells. By cotransfecting fragments of the EBV genome with 
this defective SV40, recombinant SV40 genomes which grow 
and which have acquired EBV DNAs can be recovered. Two 
such recombi nants were obta i ned and ana lysed. They 
contained short regions of EBV DNA around 110,800 and 
133,950 on the B95-8 map within the SV40 sequence. 



303 

A lthough these recombi nant sequences behave as true 
enhancers since they will increase transcription when 
placed in either orientation downstream of a test gene, 
their activity is extremely weak. In the standard test of 
enhancing a s-globin gene transfected into HeLa cells they 
only caused a 3-fold increase in transcription of the 
globin gene. Sometimes enhancer activity is cell type 
specific and we have not yet screened for enhancers 
specific for lymphoid cells; unfortunately no rapid 
enhancer trap system has yet been developed for lymphoid 
cells. It may be interesting that the enhancer at 133,950 
lies within the region which (Griffin and Karren, 1984) 
apparently immortalises monkey and marmoset epithelial 
ce 11 s. 

The expression of the latent cycle RNAs has only 
partially been unravelled. The EcoR1-Dhet region encodes 
the most abundant latent cycle EBV transcript in B95-8 
cells. We have determined the structure of this RNA and 
shown it to consist of two short 51 exons joined to a 
longer 31 exon. The exons have been accurately mapped and 
shown to contain a reading frame for a 45k membrane 
protein. We and others have previously considered the 
possibility that this protein might be LYDMA, the antigen 
recognised by cytotoxic T cells that specifically kill EBV 
infected cells. It may be possible to test this hypothesis 
by attempting to convert LYDMA negative cells to a LYDMA 
positive phenotype by introduction of the gene for this 
protein. Even if the protein encoded by this gene is LYDMA 
it presumably also has another function more directly 
helpful to the virus. Since the gene is apparently always 
expressed in EBV - transformed B-lymphocytes and is a 
membrane protein, it may be involved in the action of the B 
cell growth factor secreted by such cells and required for 
their growth (Gordon et al, 1984). Interestingly, a second 
RNA is expressed, during the late productive cycle, which 
overlaps part of the gene for the latent protein. It would 
apparently encode a protein identical to the C terminal 
part of the latent cycle protein. This would retain two of 
the six membrane-spanning sequences and all the large C 
terminal globular domain present in the latent cycle 
protein. It is intriguing to know what the function of 
this protein might be. 

The region of the viral genome around the major 
internal repeats is also expressed during the latent virus 
cycle. Because the transformation-defective strains P3HR1 
and Daudi have deletions here, within the Bam HI W,Y,H 
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region, it seems likely that genes localised here may be 
directly involved in the immortalisation process in B 
lymphocytes. Using a combination of Northern blotting and 
Sl mapping we have found at least two rightward latent 
cycle RNAs here of sizes 3.7 kb and 2.4 kb. Some of this 
mapping was done by M. Bodescot and M. Perricaudet who also 
constructed a partial cDNA clone of one of the equivalents 
of these RNAs in Raji cells (Bodescot et al, 1984). This 
RNA has a very highly spliced structure. Both the 3.7 kb 
and the 2.4 kb RNA appear to start at a promoter in the 
short unique region just to the left of the major internal 
repeats. We have mapped the boundaries of this 5' exon on 
to the DNA sequence and also mapped the common 3' end of 
the two RNAs in the Bam HI H fragment. The RNAs are very 
highly spliced and their genes cover almost 40 kb of the 
EBV genome. The RNAs differ in their structure near their 
3' ends, the 3.7 kb having most of the reading frame BYRF1 
within it, the 2.4 kb RNA lacking most of this. The 3.7 kb 
RNA may encode the nuclear antigen EBNA-2. 

The RNA for the EBNA-1 protein, which is about 4 kb in 
length presents an interesting puzzle. It is clear from 
transfection experiments that most and probably all of the 
coding sequence of the EBNA-1 protein lies in the reading 
frame BKRFl (Fischer et al, 1984). Sl mapping indicates 
that the EBNA-1 RNA stops at a poly A addition signal just 
downstream of this frame and that the 2.0 kb exon 
containing BKRF1 is spliced to the rest of the mRNA. This 
seems to suggest that the RNA has a very long 1.8 kb 5' 
untranslated region, a very unusual situation in 
eukaryotes. The natural promoter for the EBNA-1 gene has 
not yet been located. 

Two other latent cycle RNAs (about 2.0 kb and 1.8 kb 
in length) are derived from the short unique region. These 
are transcribed rightward on the genome, terminating at a 
poly A addition signal at 5.85 kb on the map and have a 
spliced structure. Their translation products are unknown. 

It should be possible to construct a detailed map of 
the regulated expression of EBV genes in the relatively 
near future. This offers many possibilities for future 
research. Understanding the structure of genes active in 
the latent virus cycle will contribute to solving the 
mechanism by which the virus immortalises cells. It is 
important to remember that we have only studied the gene 
expression in lymphoid cells and the gene expression may 
differ in some respects in epithelial cells. An analysis 
of the mechanism by which the controlled expression of 
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different sets of viral genes is achieved should allow us 
to understand the mechanism of latency and entry into the 
lytic virus cycle. 
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Nasopharyngeal carcinoma (NPC) is one of the major neo
plastic malignancies of Southern Chinese males. In Taiwan, 
it has been reported as the most common cancer of males (Yeh, 
1966). A recent long-term study established that the survival 
rate over a 10-year period could be as high as 77% if the 
treatments were initiated at stage I of the disease (Hsu et 
aI, 1981) and therefore an early diagnosis method is required. 

Recently, an Epstein-Barr virus (EBV)-specific DNase has 
been described (Clough, 1979; Cheng et aI, 1980a). It has also 
been reported that the majority of sera from Chinese NPC 
patients neutralized EBV DNase activity (Cheng et aI, 1980b). 
In another study of antibody to EBV DNase activity in sera 
obtained from NPC patients in Taiwan, it was found that 
most of the sera contained high levels of antibody as early 
as the stage I of the disease (Chen et aI, 1982). 

During a prospective study for hepatoma, 13 individuals 
were found to have a previous history of, or to be suffer
ing from, NPC. Serum samples obtained from this group were 
examined in this study for anti-EBV DNase activity. 

Materials and Methods 

Preparation of cellular extract. The preparation of 
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extracts from 5-iodo-2'-deoxyuridine (IUDR)-treated P3HR1 
cells has been described previously (Chen et aI, 1982). 

Patient sera. Sera obtained from 13 patients with NPC, 
found in a prospective study of hepatoma in 22,707 Chinese 
males in Taiwan (Beasley et aI, 1981) were examined for the 
presence of anti-EBV DNase activity. 

Enzyme assay and detection of antibody to EBV DNase 
activity. The assay procedure for EBV DNase activity was the 
same as that described for the exonuclease (Cheng et aI, 1980a). 
One unit of DNase activity is defined as the amount of the 
enzyme that converts 1)Ug of double-stranded DNA to acid
soluble material in 10 minutes at 37°C. The procedure for the 
detection of antibody was as described previously (Cheng et 
aI, 1980b) except that 0.05 units instead of 0.1 units of 
enzyme in the cellular extract was added to the assay tubes. 

Results 

Table 1 shows the results of EBV DNase neutralization 
tests in sera from 13 NPC patients. The sera obtained from 
patients 1, 2 and 3 before diagnosis of the disease contained 

TABLE 1-ANTI-EBV DNase ANTIBODY IN THIRTEEN NPC PATIENTS 

Date of Months EBV DNase Death (months 
Patient blood before/after units after blood 

collection diagnosis neutralized collection) 
1 6/76 -12 3.6 NPC(24) 
2 3/78 - 9 5.8 NPC(19) 
3 2/78 -28 8.4 NPC(31 ) 
4 6/77 -29 1.4 NPC(50) 

5 4/77 +76 8.0 NPC(27) 

6 10/76 +36 8.1 NPC( 17) 

7 4/78 + 5 7.5 NPC(10) 
8 2/78 +74 8.7 NPC(18) 
9 3/77 + 9 3.2 NPC(33) 

10 1/77 +24 2.0 NPC(36) 
11 11/76 +15 5.7 NPC(62) 
12 8/77 +15 0.5 NPC(42) 
13 3/77 +53 0 Pneumonia (71) 
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significantly elevated levels of antibody. A single serum 
sample was also obtained from a fourth patient 29 months 
prior to diagnosis of NPC, but did not exhibit specific neu
tralization by our criteria. Sera obtained after diagnosis 
of NPC from 9 other patients were also examined for the anti
body. However, the levels of antibody in sera obtained at 
the remissison stage of the disease,ie, patients 9 to 13 
with the possible exception of one patient (patient 11) were 
either very low or undetectable. 

Discussion 

Antibody to EBV-specific DNase has been demonstrated in 
most of the sera obtained from Chinese NPC patients (Cheng 
et aI, 1980b). This antibody has also been found to be ele
vated as early as stage I of the disease (Chen et aI, 1982). 
Thus, it is necessary to determine the presence of this anti
body in serum before the diagnosis of the disease to evaluate 
the hypothesis that this antibody could be a useful marker 
for the early diagnosis of NPC. In this study, sera from 13 
NPC patients were examined for the antibody. Most of the 
sera taken from the four individuals before diagnosis have 
significant to high levels of the antibody. 

Recently; serial serum samples from 17 juvenile NPC 
patients were examined for their capacity to neutralize the 
activity of EBV-specific DNase (Tan et aI, 1982). The 
results suggested that anti-EBV DNase might be a useful 
marker for the prognosis of the disease. In this study, in 
the cases of the sera taken from patients 9,10,11,12 and 
13, most of whom had survived for more than 30 months after 
blood collection, contained low or insignificant levels of 
the antibody, whilst most sera taken from patients 5, 6, 7 
and 8 contained high levels of the antibody and the patients 
survived less than 30 months. These results are compatible 
with the hypothesis that patients with low levels of anti
body in their sera may have a better prognosis. 

In conclusion, the results suggest that antibody to 
EBV DNase activity is a useful marker for both the early 
diagnosis and prognosis of NPC. 
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Recent Developments in Nucleic Acid Hybridization 

Wolf, H., Gu, 5., Haus, M. and Leser, U. 

Max-von-Pettenkofer Institute, Munich, FRG. 

SUMMARY 

Nucleic acid hybridization is widely used for scientific 
applications but essentially restricted to specialized 
laboratories. The use of recombinant m13 phages as 
hybridization probes offers a considerable advantage over 
the commonly used recombinant plasmids as the preparation 
of the probe DNA is very simple. This suggested probe-DNA 
can be labelled 12~ficiently even with longer half-life 
isotopes like I and used in the hybridization 
reaction. In a new sandwich technique, the first step is a 
specific hybridization with an unlabelled recombinant m13 
DNA carrying an insert of the desired specificity. In a 
second step a universally usable labelled probe directed 
against the m13 part of the recombinant phage DNA is 
applied. In combination with simple devices for the 
collection of clinical specimens (Richter et al,1983) and 
protocols for rapid sample preparation, nucleic acid 
hybridization should become acceptable for routine 
diagnostic laboratories. 

INTRODUCTION 

The most important requirement for nucleic acid 
hybridization concerns the preparation of hybridization 
probes. In vivo labeling of nucleic acids by metabolic 
pathways has been used to obtain probes. The main 
difficulties are the usually limiting low-specific 
activity (Frenkel et al 1976), the difficulty of getting 
enough labeled material, and the problem of contaminating 
or cross-reacting sequences. These sequences may appear 
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due to incomplete purification of the desired gene, for 
example from cell lysates, or can be due to sequences 
within the genome used as probe. DNA of the various herpes 
group viruses are a typical example as several areas of 
the viral genomes cross-hybridize with DNA from uninfected 
human cells (Peden et aI J 1982). Recombinant DNA techniques 
have been most valuable to overcome the problems of 
limited availability of probes and allow the use of only 
selected fractions of the viral genome without 
cross-reacting areas. 

METHODS 

Iodination of nucleic acids 

To 10pg of m13 lyophilized ssDNA were added l~l of I 
water, 2~1 of .25 M Na-acetate buffer pH 4.65, 125 
(Amersham ImS30 100Ci/ml), and 2pl of Thallium III 
chloride )100 roM in buffer). The tightly closed 
tubes were incubated for 30 min at 60°C, chilled 
on ice and the reaction stopped by the addition of 
l50fll stop mix (100 mM Tris pH8, 10 mM EDTA, lOmM 
Na2So3 and 100pg/ml Poly A). The probe was purified 
on a , ml Sephadex G50 column with 10 mM Tris pH8, 
lmM EDTA. Fractions of approx. 300pl were collected 
and the first peak of radioactivity was pooled, 
heated 10 min at 60°C and stored at _20°C in the 
dark in a lead container. 

Sandwich hybridization 

a. Prehybridization 
The nitrocellulose filter (10 x 10cm) containing the DNA 
fragments is prehybridized for 3 h at 68°C in 25 ml 
prehybridization mix: 6 x SSC, 0.5% SDS, 5 x Denhard 
solution (1x: 0.02% Ficoll, 0.02% Polyvinylpyrrolidone, 
0.02% BSA), 100 IJglml calf thymus DNA (preheated at 100°C 
for 10 min. and Chilled to 4°C). 

b. Hybridization (sequence specific step) 
17.5ml prehybridization mix are removed from the bag and 
discarded. 1851.11 0.4 M EDTA and 1IJg single-stranded m13 
DNA carrying an insert of the desired gene are added to 
the remaining 7.5ml. The resealed bag is incubated for 16 
h at 68°C. The filter is washed in 2 x SSC, 0.5% SDS for 5 
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min. at room temperature and then in 0.1 x SSC, 0.5% 50S 2 
x 2J min. at 68°C. 

c. Posthybridization (common step for different sequens~s) 
Posthybridization was carried out with denatured P 
nick-translated DNA probe prepared from m13 mp8 
double-stranded replicative form of bacteriophages without 
an insert. !he specific activity of the nick-translated 
probe was 10 cpm/~g. The filter was incuba,ed with 
7.5ml hybridization solution as in step a. 10 cpm of 
the 32p nick-translated probe (preheated at 100°C for 5 
min., cooled to 4°C) are added and the bag is incubated 
for 16 h at 63°C. 
The washing procedure is similar as above, but the 
temperature is 63°C. After washing the paper is dried and 
exposed below -60 °c with Kodak x-omat S fi 1m and 1 ightning 
plus amplifying screen. 

RESULTS 

Preparation of labeled probes 

Various procedures have been used to introduce labels into 
nucleic acids. DNA can be transcribed in vitro in the 
presence of radioactive ribonucleoside triphosphates into 
cRNA using RNA polymerases. In analogy, RNA can be 
reverse-transcribed into cDNA. The original template can 
be destroyed with appropriate nucleases. Although of great 
importance in earlier studies, these techniques have been 
largely replaced by other methods. 
The most frequently used protocol is based on the use of 
E. coli DNA-polymerase I. This enzyme acts on DNase 
introduced nicks in double-stranded DNA as a 5'-3' 
exonuclease and a 5'-3' synthetase which allows th~2 
efficient and random introduction of label. Wit~ P 
la§eled nucleotides specific activities between 10 and 
10 cpm/~g DNA can be obtained. 
Wherever the plasmid part introduces a danger of unwanted 
signals, it can be replaced by another vector or removed 
with restriction enzyme digestion and electrophoretic 
separation. The desired sequence can be eluted from the 
gel with special procedures (Langridge et al 1900; 
Vogelstein and Gillespie 1979), which abolish otherwise 
observed inhibitory effects of remaining contaminants from 
the gel matrix. Recently the single-stranded DNA phage m13 
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has been used as a cloning vehicle for probes (Messing 
1983). This approach is very helpful as m13 sequences 
rarely occur in natural specimens and do not have to be 
removed and the recombinant phage DNA can be purified in 
large amounts without the use of ultracentrifuge or other 
specific equipment. Single-stranded DNA can be labeled by 
primer-directed synthesis of a second strand which spans 
all or part of the m13 sequences or by chemical reactions 
(Hu and Messing 1982; Gu et al 1983). 
Sin9le-stranded nucleic acids and, with reduced 
effIciency, also double-stranded nuclei~25acids can be 
labelled by chemical introduction of I into the 
cytosines of DNA or RNA (Commerford 1971; Gu et al 1983); 
Han and Harding 1983; Prensky 1976). The specific 
advantage of chemical modification is easy scaling up for 
the mass production of labeled probes. 

Ii 2 1 0.5 0.2 0,1 0,05 0.02 0,01 

Fig. 1: Variable amounts of Raj i cell (50 EBV genomes per 
cell) DNA givtn in the top line of the figure in ~g was 
digested with Bam H1 restriction enzyme, separated on an 
agarose gel, blotted to a nitrocellulose membrane and used 
for sandwich hybridization. For the first hybridization 
step, 0.13 ~g/ml (total 1~g/blot) of a m13 phage 
containing a fragment of the Bam ~ piece of ~V was 
hybridized, for the second step 10 cpm of a P 
labelled probe prepared by nick translation of replicative 
form of wild type m13 was used. 



315 

Indirect IIsandwichli hybridization 

It was only recently (Wolf et al 1984) that a new approach 
was developed which overcomes the need to introduce label 
in each specific hybridization probe. The technique takes 
advantage of the recombinant DNA technique and links the 
specific sequence 1 to another sequence 2. Sequence 2 can 
conveniently be m13 DNA. These probes are used in a first 
hybridization step unlabeled and in high concentrations 
which favors fast and complete hybridization. After 
removal of excess probe, a second probe is added which is 
homologous to sequence 2 and ideally contains both 
orientations of the DNA strands. This second probe can be 
universally applied and under specific conditions, forms a 
network on top of sequence 2. An example is given in Fig. 
1 where with appropriate exposure time as little as 2)0 fg 
of the specific sequences represented in the probe were 
found in the test DNA. We have used this techniq~2 to 
detect a fragment of EBV DNA in Southern blots; with P 
labeled double-stranded replicative form of m13 for second 
step hybridization we could detect 0.5 pg of the fragment 
of EBV (Fig. 1). The sandwich hybridization yielded an 
amplification of the hybridization signal of up to 100-
fold when nonradioacti ve IIsecond probes II were uti! ized. 

DISCUSSION 

Simplified hybridization procedures are necessary if the 
potential of this technique should be exploited on a wider 
scale for clinical problems. Viruses which cannot be 
cultivated in vitro e.g. Rota and Hepatitis B, or where 
cultivation takes too long e.g. Cytomegalovirus, Dengue, 
Hepatitis A and particularly where viruses linked to 
proliferative diseases of man, like EBV, Papillomaviruses 
or HTLV require reliable and fast tests for the presence 
of the respective genomic materials. The growing variety 
of probes raises prohibitory stock-holding problems for 
routine labs if short-lived isotope labels are used. 
Chemical iodination of recombinant m13 DNA is a very fast 
and simple way to prepare hybridization probes. Sandwich 
hybridization especially if non-radioactive second probes 
are used is only slightly more complex but reduces 
logistic problems considerably while allowing excellent 
sensitivity. 
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SUMMARY 

The Epstein-Barr virus (EBV) has been classified as a 
B-lymphocyte tropic virus, primarily based on the host
range of EBV under laboratory conditions. Since it is now 
generally accepted that the EBV is associated with the 
epithelial cells of NPC, an important issue in the patho
genesis of EBV is the host range of cells that can be 
infected. Data have accumulated from several laboratories 
showing that EBV can infect certain epithelial cells direct
ly, including epithelial explant cell cultures prepared 
from NPC biopsy specimens, epithelial tumor cell lines, 
normal epithelial nasopharyngeal cells from squirrel mon
keys, and, more recently, primary human cervical epithelial 
cells. In addition, important information has come from 
stUdies in which laboratory manipulations have been used 
to insert EBV or EBV DNA into a variety of cell types. 
These procedures include transfection, micro injection, and 
receptor implantation experiments, as well as the prepara
tion of epithelial hybrid cells. The ability to demon
strate routine direct infection of epithelial cells, and 
more importantly, to demonstrate that they can be trans
formed by EBV, will help clarify the association of EBV 
with NPC. 
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INTRODuc'rION 

The Epstein-Barr virus (EBV) is a human oncogenic her
pesvirus that is the etiologic agent for infectious mono
nucleosis (IM) (Henle et al., 1968). It has been very 
closely associated with several human malignant diseases, 
including African Burkitt's lymphoma (BL) (Epstein et al., 
1964), nasopharyngeal carcinoma (NPC) (zur Hausen et al., 
1970), and B-cell lymphoma, particularly in immune-suppres
sed patients (Saemundsen ~ al., 1981). Historically, the 
"laboratory host-range" for EBV has been B-lymphocytes of 
human origin, as well as B-lymphocytes from certain non
human primates (Miller ~ al., 1971; Miller and Lipman, 
1973). However, when it was recognized that the epithelial 
cells of NPC tumors were EBV genome positive, rather than 
infiltrating lymphocytes (Wolf et al., 1973), the search 
for an explanation of a mechanism(s) through which EBV 
becomes associated with these cells intensified. This 
overview will address some of the studies which clarify 
the association of EBV with epithelial cells, and which 
ultimately led to proving that EBV can infect certain epi
thelial cells. In addition, the expression and replication 
of EBV in cells other than B-lymphocytes or lymphoblasts 
"infected" with EBV using a variety of laboratory manipula
tions will also be explored. 

HISTORICAL REVIEW 

Latently Infected Epithelial Cells ~ Vivo 

The first report to link EBV with epithelial cells of 
NPC in tumor tissue was reported by Wolf et ale (1973), 
using an in situ hybridization procedure. This was later 
confirmed by Klein ~ ale (1974a) in which EBNA was shown 
to be associated with the epithelial cells of NPC as well. 
Several years later, Lemon ~ ale (1977) found evidence 
for EBV replication in normal nasopharyngeal epithelial 
cells exfoliating from the oropharynx of patients with IM. 
A more recent study has confirmed this original observa
tion and hypothesized that the cells within which EBV is 
productively replicating in the oropharynx of IM patients 
may include oropharyngeal epithelial cells (Sixbey et al., 
1984). This is consistent with the previously reported 
hypothesis suggesting that similar cells might be the site 
of infection in the nasopharynx of squirrel monkeys (Glaser 
~ al., 1978). 
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In an attempt to search for the presence of EBV DNA 
or EBNA in "normal" nasopharyngeal epithelial cells in 
patients who were at risk to NPC in China (as determined 
by the presence of VCA IgA antibody levels) tissues from 
persons were examined for the presence of latent EBV (Des
granges et al., 1982). Of 14 normal individuals tested 
for EBV DNA using biopsies obtained from the nasopharynx, 
10 had EBV DNA internal repeats and 11 specimens had EBNA 
positive cells. The same individuals in both groups also 
had significant antibody titers to EA IgG. No other gross 
changes were noted in these normal individuals which sug
gested that they had NPC. It is possible that EBV was 
latently associated with the cells in the normal mucosa. 
It is of interest that several VCA IgA positive individuals 
were negative for EBV DNA and EBNA in biopsies obtained 
from their nasopharynx. The significance of this observa
tion is not clear. 

There is also evidence that EBV may be associated with 
other regions of the nasopharynx, including the area deSig
nated as Waldeyer's Ring. It has been suggested that EBV 
might be involved in the etiology of carcinomas of this re
gion. The EBV antibody spectrum in patients with poorly 
differentiated carcinomas of this anatomical region of the 
throat was similar to that of those reported of NPC pa
tients (Wolf ~ al., 1983). In a preliminary report using 
in situ hybridization, Wolf and co-workers have found that 
EBV DNA was limited to cells in poorly differentiated car
cinomas that appeared to be epithelial cells. It is not 
known whether epithelial cells obtained from this anatomi
cal region of the nasopharynx, or from carcinomas arising 
from Waldeyer's Ring, have receptors for EBV and are in
fectable with the virus. 

EBV and Epithelial Cells; In Vitro Studies 

From 1964, when EBV was first isolated, until 1971, 
there were no published data showing that EBV could infect 
or replicate in any cell other than cells of B-cell line
age, though a variety of cells had been tested to study 
the host-range of EBV. The first study examining the rep
lication of EBV in a cell other than a B-lymphocyte or a 
B-lymphoblastoid cell line was performed by preparing epi
thelial/somatic cell hybrids of BL cell lines (Glaser and 
O'Neill, 1972). Epithelial/BL hybrid cells, such as D98/ 
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HR-l, were used as a model to study the expression and reg
ulation of the EBV genome in cells with an epithelial mor
phology (Glaser and Rapp, 1972; Glaser et al., 1973a, 1973b, 
1976a; Glaser and Nonoyama, 1974). The8; ;;lls, grown as a 
monolayer, were morphologically compatible with epithelial 
cells, but were limited by the fact that they were still 
hybrid cells. Indeed, one study showed that at least some 
markers of the phenotype of the BL parent were expressed 
on the membrane of the epithelial hybrid cells (Glaser et 
al., 1977). Nevertheless, these early studies clearly 
showed that EBV could relnain latent in epithelial-like 
cells for many years, and that the cells expressed the 
Epstein-Barr virus associated nuclear antigen (EBNA) simi
lar to EBV positive lymphoid cell lines. The epithelial/BL 
hybrid cells were also used in early studies that demon
strated that after treatment with certain drugs such as 
iododeoxyuridine (IUdR) the virus genome could be induced 
to replicate, either in part or in total, depending upon 
the conditions (Glaser and 0' Neill, 1972; Glaser and Rapp, 
1972). The results of these studies suggested that if one 
could bypass what was presumably a lack of an appropriate 
receptor for EBV on an epithelial-like cell and get the 
virus genome into such a cell, virus latency could be 
established. In one of these papers (Glaser and Rapp, 
1972), an hypothesis was made, based on those data: "An 
important conclusion can be drawn from the data presented. 
Namely, the EBV genome can persist and can be activated 
to synthesize virus in a cell type (epithelial) other than 
a lyrnphoblastoid cell. The possibility exists that the 
lymphoblastoid cells, in which the EBV is found in vivo, 
may not be the sole site of infectious virus replication, 
an observation already made in the case of the Marek's 
disease herpes virus (MDHV)." In 1973, after this paper 
was published, it was shown that the EBV genome was in the 
epithelial cells of NPC tumors. These observations, how
ever, did not resolve the question as to how the EBV be
came associated with epithelial cells under natural con
ditions. 

Several years after the initial studies with epithe
lial/BL hybrid cells, already described, an experiment was 
performed which demonstrated that the same cells (D98/HR-l) 
could be directly superinfected with virus derived from the 
HR-l cell line (lytic virus) (Glaser et al., 1976b). These 
data suggested that the EBV receptor was being expressed 
on the surface of the D98/HR-l cells, and that the genetic 
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information for that receptor came from the HR-l BL parent 
cell line. Moreover, it demonstrated that if one found 
an epithelial cell with the appropriate receptor for EBV, 
the virus could attach, penetrate, and replicate in a 
lytic manner to produce at least early antigen (EA). Fol
lowing this observation, superinfection studies were per
formed using explanted epithelial tumor tissue obtained 
from NPC biopsy specimens (Glaser et al., 1976b). Epithe
lial explant cell cultures were prepared from NPC biopsies 
and infected with concentrated HR-l EBV. The cells were 
found to be positive for EBV antigens as determined by 
immunofluorescence (IF), confirming the presence of EBV 
receptors on the cells, and demonstrating susceptibility 
to EBV. It is possible that the receptor for EBV was 
expressed in the epithelial tumor cells after the normal 
epithelial progenitor cells were in some way latently 
infected with EBV. It is also possible that the normal 
progenitor nasopharyngeal epithelial cells possessed recep
tors for EBV and were infected in the nasopharynx at some 
point earlier in life. The data from these experiments 
did not rule out either conclusion. Nevertheless, it was 
the first observation which showed that epithelial cells 
of any kind, other than epithelial/hybrid cells, had recep
tors for EBV and could be directly infected. 

In an unconfirmed study (Huang et al., 1977), data 
were obtained suggesting that normal human nasopharyngeal 
epithelial explant cultures could be stimulated to grow 
after exposure to transforming virus obtained from the 
B95-8 cell line. In that study, explant epithelial cell 
cultures prepared from fresh biopsy specimens from non
neoplastic nasopharyngeal epithelial mucosa, NPC tumors, 
other tumors of the head and neck, as well as freshly 
removed tonsils, were compared to noninfected control 
explant cultures 14 days after infection. A significant 
enhancement of growth was found in normal nasopharyngeal 
epithelial cells exposed to B95-8 virus when compared to 
the other cell cultures, or mock-infected cultures. In 
addition, several of the nasopharyngeal epithelial explant 
cell cultures showed increased growth characteristics, as 
well as cellular morphological changes. The implica-
tion was that the normal nasopharyngeal epithelial cells 
had been infected with EBV; however, no evidence, e.g., 
EBV antigens or the presence of virus DNA, was reported. 
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Additional data to support the hypothesis that normal 
nasopharyngeal epithelial cells can be infected with EBV 
came from a study in which nasopharyngeal epithelial cell 
explant cultures prepared from squirrel monkey tissue were 
used. It had been previously shown that squirrel monkeys 
exposed to B95-8 EBV by application of virus concentrates 
to the nasopharynx by pipetting virus into the nose and 
throat, seroconverted (EA, VCA and EBNA) for EBV in the 
absence of disease (Glaser et al., 1978). This demonstrated 
that an immune response CQuld be induced with EBV adminis
tered by the nasopharyngeal route without the necessity of 
directly inoculating the virus by injecting tissue with a 
syringe. These results strongly suggested that there were 
cells in the nasopharynx of squirrel monkeys (presumably 
on the surface) which had receptors for EBV and in which 
EBV could lytically replicate. The infected cells were 
probably B-lymphocytes, but might also have included epi
thelial cells. 

Attempts were then made to determine if such tissue 
did contain epithelial cells with receptors for EBV. It 
was subsequently shown that normal nasopharyngeal explant 
cell cultures from squirrel monkeys had EBV receptors and 
could be infected, showing the ability of the virus to 
bind to the surface of receptor-positive cells (demonstra
ted by electron microscopy) and to express EBV EA after 
infection, as determined by IF (Glaser et al., 1980). 

In a subsequent study, it was demonstrated that a 
h~~an epithelial tumor cell line, designated U, could be 
infected with the non-lytic transforming B95-8 strain of 
EBV (Ben-Bassat et al., 1982). Cells infected with B95-8 
EBV were EBNA positive and showed an increase in cellular 
DNA synthesis. Mock-infected cells were negative, as were 
cells infected with HR-l EBV. 

Thus, a series of studies, beginning with the use of 
epithelial/hybrid cells and ultimately including a variety 
of different kinds of epithelial cells, have now conclu
sively demonstrated that EBV can infect and replicate in 
cells of epithelial origin and that the host range for EBV 
is not limited to B-lymphocytes. These studies, as well 
as speculations regarding the reasons for the problems 
found in attempts to infect epithelial cells with EBV have 
been explored in previous reviews (Simons and Shanmugarat
nam [eds.], 1982; 1982; Glaser et al., 1984 [in press]). 
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RECENT STUDIES ON INFECTION OF EPITHELIAL CELLS 
WITH EBV 

As already discussed, it is clear that EBV receptors 
are expressed on the surface of certain epithelial tumor 
cells, as well as normal nasopharyngeal epithelial cells 
from the nasopharynx of squirrel monkeys. It has been 
very difficult to demonstrate a similar phenomenon using 
normal human nasopharyngeal tissue for reasons which are 
not clear (Glaser, 1984, in press). In a recent study, it 
was possible to show that primary human epithelial cells 
prepared from cervical tissue have receptors for EBV and 
can be infected with EBV derived from throat washings from 
acute IM patients (Sixbey et al., 1983). Infected cells 
showed EA and VCA associated with viral replication, and 
EBV DNA could be detected in the cells. In addition, EBNA 
was also expressed in the EBV infected cells. Supernatants 
prepared from EBV infected cell cultures were used in an 
attempt to transform cord blood lymphocytes; however, no 
evidence for the production of transforming EBV under 
these conditions was found. 

Another recent report (preliminary note) has suggested 
that normal human nasopharyngeal epithelial cells might be 
infectable with EBV (Thompson et al., 1983). Cell cultures 
derived from several normal tissue specimens were exposed 
to EBV by adding the virus to medium for several weeks, or 
by co-cultivation with lethally X-irradiated EBV producing 
lymphoblastoid cells. Cells sloughing from cell sheets 
which grew out from the tissue showed VCA staining by IF 
in the cultures that had been co-cultivated with virus pro
ducing cells. Virus particles were detected by electron 
microscopy in cells showing bundles of keratin, supporting 
the association of EBV with the epithelial cells. The 
cells being shed from the mono layers were described as un
dergoing differentiation, leaving the basal layer of undif
ferentiated cells behind; cells in the basal layer were EBV
VCA negative. It is of interest that virus replication 
observed in these two studies seemed to be limited to ter
minally differentiated epithelial cells. Both of these 
studies are consistent with the data showing replication 
of the MDHV in differentiated epithelial cells in feather 
follicles of infected chickens as previously discussed 
(Calnek et al., 1970). 
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It is interesting to speculate that if EBV becomes 
associated with undifferentiated epithelial cells in the 
nasopharynx, the virus genome is repressed and a latent 
infection results. Virus could remain in these cells for 
years without malignant transformation, or, in certain 
individuals might induce NPC. Perhaps it is at this level 
that cofactors such as chemical carcinogens could interact 
with latently infected epithelial cells. The significance 
of EBV replicating lytically in differentiating epithelial 
cells needs further clarification and should be an area 
for further studies. 

EXPRESSION OF THE EBV GENOME AFTER TRANSFECTION 

In order to study the replication and expression of 
the EBV genome in cells lacking a receptor for EBV, research 
was initiated using the calcium precipitation technique in 
which intact EBV DNA or cloned fragments were transfected 
into epithelial cells. Several studies have shown that 
EBV DNA obtained from several different virus isolates can 
be successfully transfected into different cell types, 
including epithelial cells. In one study, EBV DNA was 
obtained from nontransforming HR-l EBV and transfected 
into two different epithelial tumor cell lines. The EBV 
DNA was also obtained from a transforming strain of EBV, 
AG-876, and transfected into the same cells (Stoerker et 
al., 1981). The results showed that successful transfec
tion was accomplished by the expression of EBV specific 
EA/VCA in a small percentage of cells, as well as the 
presence of EBV DNA. Two interesting observations were 
made from those experiments. First, DNA obtained from 
both transforming and nontransforming EBV produced lytic 
replication in both epithelial cell types under the same 
conditions, and second, that the expression of HR-l DNA 
was restricted to EA only in one of the epithelial cell 
lines and not the other. This latter observation is con
sistent with several published studies showing the impor
tance of the host cellon the expression and replication 
of EBV, described earlier. 

It was also demonstrated that human placenta cells 
(fibroblasts) could be transfected with EBV DNA, and these 
data suggested that the virus could replicate in such 
cells to produce infectious transforming virus (Miller et 
al., 1981). Subsequent experiments showed that EBV DNA 
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could be used to successfully transfect Vero, BSC-l and 
owl monkey kidney cells, and that EA could be expressed in 
these cells (Grogan et al., 1981). 

In a recent study, transfection techniques were used 
to transform epithelial cells (Griffin and Karron, 1984). 
African green monkey kidney (AGMK) cells were transfected 
with different regions of the EBV genome. Using DNA froIn 
cosmid clones, designated P13/P33 and P-3l, AGMK cells 
were obtained which had extended growth characteristics. 
The transformed cells grew in medium with low serum concen
trations, as well as in soft agar. The cells, however, 
did not induce tumors in nude mice, and therefore did not 
appear to be oncogenically transformed. The cells were 
negative by IF for all EBV antigens, including EBNA. Whe
ther transformation of the AGMK cells was due to the gene
tic information associated with the transfected regions 
of the EBV genome or to an endogenous retrovirus oncogene 
enhanced by an interaction with EBV DNA is not known. It 
will be of interest to see if this observation can be con
firmed and extended so that the ability to study transform
ation of epithelial cells by EBV can finally be explored 
and delineated. 

MICROINJECTION 

Another method used successfully to study the expres
sion and replication of EBV in non-lymphoblastoid cells 
has been microinjection with EBV DNA. The first report of 
successful microinjection of EBV DNA into cells came from 
Graessman et al. (1980) who successfully transfected hUInan 
diploid fibroblast cells, rat fibroblasts, and AGMK cells. 
The only EBV marker expressed in these cells was EA. The 
apparent absence of VCA expression may have been associated 
with a restriction of the EBV genome by the microinjected 
cells; similar results were obtained in a study after 
transfection (Stoerker et al., 1981). 

In a second and more recent study it was shown that 
two different epithelial tUInor cell lines could be micro
injected with intact EBV DNA as well as cloned fragments. 
The procedure is presently being used for functional map
ping studies of the EBV genome (Glaser et al., 1983; Boyd 
et al., 1985, this volUIne). 
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STUDIES OF EBV REPLICATION IN CELLS WHICH 
HAVE TRANSPLANTED EBV RECEPTORS 

Infection of epithelial cells which have had EBV 
receptors implanted on the cell membrane have resulted in 
the expression of EA, VCA and EBNA. It was also possible 
to show virus replication in several other cell types, 
including T-lymphocytes derived from human and mouse ori
gin, and mouse fibroblasts (Volsky ~ al., 1980; Shapiro 
and Volsky, 1982). Similar studies from another laboratory 
have also shown the usefulness of this procedure in study
ing the replication of EBV in receptor-negative cells 
(Khelifa and Menezes, 1983a). Their data suggest that the 
binding of EBV to cell mer®ranes could be mediated by the 
Sendai virus hemagglutinin-neuraminidase molecule. The 
authors proposed that one possihle mechanism that might 
allow or enhance penetration of EBV into normal nasopharyn
geal epithelial cells might be the presence of viruses 
which produce hemagglutinin-neuraminidase, which could 
become associated with the surface of epithelial cells and 
enhance infection. 

CONCLUSIONS 

This overview has addressed the specific issue of in
fectability of epithelial cells by EBV, and the importance 
of these data for both latency and the induction of NPC. 
This issue has been controversial and it is this author's 
opinion that the number of studies from different labora
tories using different cells and different EBV isolates 
should settle the issue; the host range of EBV clearly in
cludes certain epithelial cells, as well as B-lymphocytes. 
The overview also included data from studies in which cells 
have been manipulated in various ways to enhance the in
fectability of EBV or to bypass EBV receptor-negative cell 
mer®ranes. While many of these studies are artificial, 
and may have little to do with processes under natural 
conditions, they do yield information which may ultimately 
be important in understanding the replication of the EBV 
genome in nonlymphoblastoid cell types, as well as the 
expression of the virus genome vis-a-vis the cell genome 
under a variety of conditions. As these data are put into 
a better perspective, some of the studies may yield impor
tant information in learning about EBV and NPC. 
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The approaches outlined in this overview are also im
portant for studying EBV in general, particularly in the 
areas of cellular and molecular biology, and for that rea
son are worth pursuing. However, the ultimate experiment, 
in this author's opinion, that will clarify the essential 
role of EBV in NPC from a virological standpoint, is one 
that will show both that normal human nasopharyngeal epi
thelial cells can be infected with EBV and transformed 
after infection with properties consistent with oncogen
ically transformed tumor cells. 
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SUMMARY 

Because the c-myc gene is involved in translocations in 
Burkitt's lymphoma, and because of the association of this 
neoplasm with EBV infection, we have studied the chromatin 
structure of the c-myc gene in EBV growth-transformed cells 
and in an isogenic population of cells enriched for B-cells. 
No correlation between the location of DNaseI-hypersensitive 
sites and translocation breakpoints in c-myc was found. A 
novel DNaseI-hypersensitive site appears within the second 
c-myc intron of growth-transformed cells that is absent in 
nontransformed cell s. In contrast, the pattern of nucl ease 
sensitivity around the pro-a-2-collagen gene is identical in 
both cell s. Thus some gene product encoded or induced in 
EBV transformed cells may serve to alter chromatin structure 
in c-myc. This alteration might playa role in controlling 
c-myc expression in growth-transformed cells. 

INTRODUCTION 

The c-myc gene is the cellular progenitor of the 
transforming gene of the avian myelocytomatosis virus 
(Sheiness et. al. ,1980). Altered expression of c-myc has 
been found in a variety of human and animal neoplasms (Eva 
et. al.,1982). In murine plasmacytomas and human Burkitt's 
lymphoma a class of rearrangements brings the c-myc gene in 
proximity with an immunogl obul in gene (revi ewed in Perry, 
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1983 and Robertson, 1983). Although this translocation is 
correlated with malignant transformation, the role of c-myc 
in lymphomagenesis is undefined. In Burkitt's lymphoma the 
translocation may result in enhanced levels of c-myc 
expression (Westin et. al,1982), sometimes employing an 
immunoglobulin enhancer (Hayday et. al. 1984). It may 
result in synthesis of an altered c-myc mRNA (Saito et. al., 
1983), or it may result in alteration of the cycle-specific 
regulation of c-myc expression that characterizes 
nontransformed cells (Kelly et. al.,1983). 

Alteration of chromatin structure, as determined by the 
appearance of DNase I hypersensitive sites, accompanies 
transcriptional activation of specific genes. DNaseI
hypersensitive sites are relatively local, double-stranded 
cuts that occur often, but not always, near the 5' end of 
actively transcribed genes (reviewed in Elgin, 1981). 
DNaseI-hypersensitive sites also correlate with chromatin 
structures that mediate tissue-specific transcriptional 
enhancement (Shermoen and Beckendorf, 1982; Parslow and 
Granner, 1983). In addition, DNaseI-hypersensitive sites 
may coincide with sites of region-specific recombination as 
has been observed in the yeast mating type locus (Nasmyth, 
1982) and at a site of switch recombination in 
immunoglobulin heavy chain genes (Mills et. al., 1983). In 
avian bursal lymphomas, sites of avian leukosis virus 
provirus intergration are clustered in regions that 
correspond to DNaseI-hypersensitive sites that are present 
in the unrearranged allele (Schubach and Groudine, 1984). 

Because of the association of antecedent EBV infection 
with endemic Burkitt's lymphoma (De The et. al., 1978) and 
because of the above-noted trans 1 ocat ions i nvo 1 vi ng c-myc, 
we wanted to determine whether EBV growth transformation 
correlated with alterations of the chromatin structure in 
c-myc that might in turn be correlated with translocation 
breakpoints. In addition, because alteration of chromatin 
structure in the region of a gene can be mediated by 
trans-acting factors (Emerson and Felsenfeld, 1984; Green 
et. al., 1983) we wished to determined whether EBV 
transformation was associated with alterations in c-myc 
chromatin structure. Such an alteration in chromatin 
structure could mediate changes in the expression of 
a cellular gene such as c-myc, whose function may playa 
role in growth transformation. 
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MATERIALS AND METHODS 

Isolation of Cells and Nuclei: 109 peripheral blood 
mononuclear cells were harvested from a normal, 
EBNA-negative individual (1944) in a Fenwall CS3000 
leukopheresis apparatus. This preparation was enriched for 
B-cells by separation on Ficoll-hypaque, adsorption to 
plastic to remove macrophages, and rosetting T-cells with 
AET-treated sheep red blood cells (Torok-Storb et. al., 
1983). Peripheral blood mononuclear cells from the same 
individual were transformed with the B95-8 strain of EBV and 
grown in RPMI supplemented with 10% fetal calf serum. The 
cells used were grown in mass culture and contained 
approximately 50 EBV genomes per cell. Nuclei were isolated 
by lysis of cells in NP40 as previously described (Schubach 
and Groudine, 1984). 

DNase I Digestion and Blot Hybridization: Nuclei were 
suspended on ice a at nucleic acid concentration of 0.6 
mg/wl in RSB (10 mM NaCl, 3mM MgCl?,10mM TRIS pH 8.3), made 
10- M CaC~., and di gested with va ri ous amouBts of bovi ne 
pancreatic UNaseI (Sigma) for 10 minutes at 37 . 
DNA was prepared from DNaseI-treated nuclei as previously 
described (Schubach and Groudine, 1984). For blot 
hybridization, 20 ~g of DNA were digested with 30 units of 
the indicated restriction enzyme(s) overnight. DNA was 
electrophoresed in neutral agrose gels, blotted onto 
nitrocell u32se (Southern, 1975) , and probed with the 
indicated P-labelled probes. 

Preparation of Probes: Segments of the human c-rnyc 
regi on were subcloned into M13mp18. The identity of the 
fragment was verified by dideoxy sequence determination 
(Sanger et. al., 1977). The insert was isolated on a 
neutral acrylamide gel, eluted, and nick translated. 
Hybridization and wash conditions were as previously 
described (Schubach and Groudine, 1984). 

RESULTS 

We have compared the pattern of DNaseI-hypersensitive 
sites in the region of the c-myc gene that is found in EBV 
transformed B-cells with that found in a population of 
nontransformed cells. The non-transformed cells in this 
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study were isolated from a healthy, EBNA-negative person by 
leukopheresis. Mononuclear cells were partially enriched 
for a population of B-cells and null cells by ficoll-hypaque 
separation, adsorption to plastic to remove macrophages, and 
rosetting T-cells by adsorption to sheep RBCs. This 
enrichment scheme resulted in a population of cells that was 
25-35% polyvalent immunoglobulin positive and 20-30% 
sRBC-rosette positive. Less than 5% of the cells were 
macrophages as judged by morphologic staining. Thus, 
between 70% and 80% of the cell s were a mixture of Band 
null cells. These cells (1944NL) were used as the source of 
nuclei. 

Peripheral blood mononuclear cells from the same 
individual were growth transformed by the B95-8 strain of 
EBV (1944 EBV) and used to prepare nuclei. The transformed 
cells contained approximately 50 EBV genomes per cell. 
Because minor DNA sequence polymorphisms can alter the 
appearance of DNaseI-hypersensitive sites (McGinnis et. al, 
1983) we chose to use cells from the same individual for 
this comparative analysis. 

We identified the location of DNaseI-hypersensitive 
sites by digesting nuclei from the normal (1944NL) and 
EBV-transformed cells (1944EBV) with increasing 
concentrations of DNaseI. DNA was isolated from these 
nuclei, cleaved with restriction enzyme~ blotted onto 
nitrocellulose, and hybridized to cloned, P-labelled DNA 
fragments of c-myc. Figure 1A shows the results of one such 
experiment. DNA was cleaved with ClaI, separated on a 0.8% 
agarose gel, blotted, and probed with the 0.4 kb PstI 
fragment designated in Figure lB. The probe detects a 
"parent" fragment of 6.5 kb. In addition the blot 
demonstrates subbands, one end of which is generated by the 
restriction enzyme and the other end of which is generated 
by cl eavage by DNase I . The subbands correspond to 
hypersensitive sites (I and II) which lie at the sites 
designated on the restriction map in Figure lB. Within the 
level of detection of this study, no differences in the 
patterns of DNaseI-hypersensitive sites were found that 
distinguish 1944NL from 1944EBV cells in the region 
extendi ng 3kb upstream from the fi rst (non-cadi ng) c-myc 
exon to the beginning of the second exon. 
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Figure 1: Identification of DNaseI-hypersensitive sites 
upstream from the second c-myc exon. (A) Nuclei were 
digested with DNaseI at the concentrations indicated, DNA 
isolated, cleaved with ClaI, electrophoresed in a 0.8% 
agarose gel, blotted onto nitrocellulose, and probed with 
the 0.4kb PstI fragment denoted in (B). Sub-bands (I and 
II) are designated by arrows. (B) Location of DNaseI 
hypersensitive sites in the region. Identical subbands are 
found in 1944NL and 1944EBV cells. Restriction enzymes are 
abbreviated as follows: C=ClaI; S=SmaI; P=PstI; E=EcoRI. 
Molecular weight marker locations are at the left. 

The hypersensitive sites downstre·am from the second 
exon were studied using the indirect end-labelling technique 
(Wu, 1980). In the example shown in Figure 2, DNA was 
isolated from DNaseI-treated nuclei, digested with Sma I and 
ClaI, electrophoeresed on a 1.1% agrose gel, and blotted 
onto nitrocellulose using as a probe the 0.39kb SmaI-PstI 
fragment depicted in Figure 2B. Using this probe, which 
hybridizes to the end of the restriction fragment, all the 
DNaseI hypersensitive sites downstream from the Sma I site 
can be directly located. Several hypersensitive sites (III, 
IV, V, VI and VII) are located in this region in both 1944NL 
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Figure 2: Identification of DNaseI-hypersensitive sites in 
the second c-myc exon and intron. (A) The protocol was the 
same as in Figure 1. except that the DNA was cleaved with 
Sma I and ClaI. electrophoresed in a 1.1% gel. and the blot 
probed with the .39kb PstI-SmaI fragment designated in B. 
Subbands (III. IV, V, VI, and VII) are indicated by arrows. 
A subband unique to 1944EBV cells is denoted by a star. (B) 
Location of DNaseI-hypersensitive sites in this region in 
1944NL and 1944EBV cells. 

and 1944EBV cells. A new hypersensitive site in the middle 
of the second intron is present in 1944EBV cells that is 
absent in 1944NL cells. This difference persists in 1944EBV 
cells treated with TPA to induce virus production (Lin et. 
al., 1979). No other distinguishing hypersensitive sites 
were found in the region studied, which encompasses 8kb 
downstream from the first ClaI site in Figure 1. By 
contrast, the pattern of DNaseI-hypersensitive sites around 
the human pro-a-2-collagen gene were identical in 1944NL and 
1944EBV cells (data not shown). The novel hypersensitive 
site seen in 1944EBV cells was not found in fetal liver 
cells (data not shown). 
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DISCUSSION 

We have studied the distribution of DNaseI
hypersensitive sites in the c-myc gene in a population of 
EBV growth-transformed cells and in an isogenic population 
of cells partially enriched for normal B-cells. The 
original impetus for this inquiry was to determine whether 
there was a correlation between the location of 
hypersensitive sites and the translocation breakpoints in 
the c-myc region found in various Burkitt's lymphoma cell 
lines. No distinguishing hypersensitive sites were found in 
the fi rst i ntron or in the region 2kb upstream from the 
first exon, a region where the majority of translocation 
breakpoints have been mapped. 

A novel DNaseI-hypersensitive site was found in the 
second c-myc intron in EBV transformed cells during both 
latent infection and following induction of virus production 
by TPA. By contrast, no differences in the chromatin 
structure were found in the pro-a-2-collagen region of 
1944NL and 1944EBV cells. 

The 1944NL cells represent a heterogeneous population 
of mononuclear cells which is only partially enriched for 
normal B-cells. There is a significant percentage of both 
T-cells and null cells in this preparation. Thus it is 
possible that the distinguishing hypersensitive site in 
1944EBV cells is a feature of the B-cell lineage, and not a 
direct or indirect result of EBV transformation. 

Another possible interpretation of this finding is that 
an EBV-encoded protein or a cellular protein induced in EBV 
transformed cells binds to the c-myc region creating the 
observed hypersensitive site in the second intron. Such a 
factor (or factors) might be involved in a subtle alteration 
of c-myc expression in EBV transformed cells. Both mitogen 
stimulation and EBV transformation enable B-cells to 
traverse critical phases of the cell cycle and acquire 
transformation "competence" (DeFranco et. al., 1982). It 
has been shown that mitogen stimulation causes a 20-fold 
increase in c-myc transcription independent of new protein 
synthesis (Kelly et. al.,1983) It is tempting to speculate 
that EBV and mitogen stimulation alter expression of 
specific genes that in turn alter the growth properties of 
the cell. It should be noted, however, that a region which 
binds a nuclear factor in ~-cells and has been proposed as a 
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regulatory region for c-myc expression (Siebenlist et. al., 
1984), was not included in the region encompassed by this 
study. 

The possible role of EBV encoded proteins in altering 
chromatin structure is testable by construction of 
selectable vectors containing EBV fragments, such as that 
encoding EBNA (Fischer et. al.,1984), transfection into 
appropriate cells, and analysis of the resultant patterns of 
nuclease sensitivity. 
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INTRODUCTION 
The chromatin of higher and lower eukaryotes consists 

of nucleoprotein units, the nucleosomes (Felsenfeld, 1978). 
Investigations of the chromatin structure with nucleases 
have revealed that the DNA length per nucleosome varies 
between different organisms, different tissues, cells of the 
same tissue, and is correlated with the transcriptional 
activity of the cells and their state of differentiation 
(Noll, 1976; Lohr et al., 1977; Ord and Stocken, 1979). 

The experiments of Mintz and Ilmensee (1975) and of 
Fahmy and Fahmy (1980) have refocused attention on the pos
sibility that the mechanisms of neoplastic transformation 
may involve aberrent differentiation. The heritable altera
tions in gene-expression (Stein et al., 1978) and the anoma
lous gene-expression (Weinhouse, 1972), which often accompa
ny neoplasia suggest that altered gene regulation plays an 
important role in many, if not all, examples of neoplastic 
transformation. Thus, the study of chromatin structural 
organization as related to its function in neoplastic cells, 
seems to be very important. 

In the present study we examined the accessibility to 
micrococcal nuclease of the nuclei derived from two lympho
ma cell lines, P3HR-1 and Raji, which have the Epstein
Barr Virus (EBV) integrated (zur Hausen and Schulte-Holt
hausen, 1970; Nonoyama and Pagano, 1971), and from tonsil 
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lymphocytes, and we estimated the DNA length per nucleosome 
in these cells. 

The kinetics of chromatin digestion by micrococcal 
nuclease showed that Raji nuclei were more sensitive than 
P HR-1 nuclei to the nuclease. It is also noteworthy that 
t~e DNA-repeat length of Raji nuclei (in which the EBV fol
lows a lysigenic cycle), is shorter than that of P3HR-1 nu
clei (which have a lytic cycle of EBV) (Nonoyama and Pagano, 
1971; zur Hausen and Schulte-Holthausen, 1970). 

MATERIALS AND METHODS 
Micrococcal nuclease and restriction fragments of bacte

riophage ~X174 RF DNA with Hae III restriction endonuclease, 
were purchased from Bethesda Research Laboratories, Inc. 
Proteinase K was purchased from Sigma. The rest of the che
micals were either from Sigma or from Serva. 

Lymphocytes and Preparation of Nuclei 
Raji and P3HR-1 cells were grown in RPMI medium with 

15% fetal calf serum. 

Cells were obtained from the culture medium by centrifu
gation at 500 g for 10 min. They were dispersed in 10 volu
mes of reticulocyte standard buffer (RSB, 0.1 M NaCI, 1.5 mM 
MgCI , 0.01 M Tris-HCI, pH 7.0), (Pederson and Pavis, 1980) 
and ~omogenized with a hand-driven Teflon pestle (clearance 
0.25 mm) with 10 strokes. The homogenate was centrifuged at 
1000 g for 10 min, the supernatant was discarded and the nu
clear pellet was washed several times in 10 vol. of RSB until 
the supernatant appeared clear. 

Nuclei from freshly removed tonsils were prepared as 
following: Minced tissue was homogenized in 7 vol. of 0.34 M 
sucrose, 3 mM MgCI2 , 0.01 M Tris-HCI (pH 7.4), in a Potter
Elvehjem homogenizer with a motor-driven Teflon pestle (clear
ance 0.25 mm) with 15 strokes at 1700rev./min. The homoge
nate was filtered through nylon bolting cloth and centrifu
ged at 1000 g for 10 min. The nuclear pellet was resuspended 
in 2.1 M sucrose, 1 mM MgCI2 , 0.01 M Tris-HCI (pH 7.4), 
layered over an equal volume of the same buffer and centri
fuged at 70.000 g for 1 h. The nuclear pellets were finally 
suspended in Digestion Buffer (10 mM NaCI, 3 mM MgCI2 , 
10 mM Tris-HCI, ph 7.4) in a concentration of 1 mg of nuclear 
DNA/mI. The analysis of DNA content of samples was performed 
according to Burton (1956). 
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Nuclease Digestion and DNA Electrophoresis 
In nuclear samples 10 roM CaCl2 was added to a final 

concentration of 1 roM. Nuclei were digested with micrococ
cal nuclease (10 unit/100 ~g of DNA) at 37°C for various 
times. The reaction was terminated by the addition of 100 roM. 
EDTA to a final concentration of 5 roM and by chilling on 
ice.The determination of the amount of DNA that was rende
red acid soluble, was made as described by Zongza and 
Mathias (1979). DNA was purified (Zongza and Mathias, 1979) 
and purified DNA was dissolved in Tris-acetate buffer con
taining 15% glycerol. 

The electrophoresis of DNA was carried out in vertical 
2.5% acrylamide (acrylamide/bisacrylamide; 19:1), 0.5% 
agarose slab gels (12 cm long) with Tris-acetate buffer sy
stem (0.4 M Tris-RCI (pR 7.8), 0.2 M sodium acetate, 20 roM 
EDTA), (Loening, 1967; Peacock and Dingman, 1968). 5 ~g of 
DNA was applied to each slot and the electrophoresis was 
carried out for about 4 h at 20 mA constant current. Gels 
were stained in a solution of 3 ~g of Ethidium bromide/ml 
for 30 min. DNA was visualized in the gels under U.V. light 
and photographed. 

RESULTS 

a) Kinetics of Digestion by Micrococcal Nuclease 
The kinetics of digestion of chromatin with micrococcal 

nuclease, based on the determination of the amount of DNA 
that is rendered acid soluble (Fig. 1), has shown that Raji 
nuclei, compared with P3RR-1 nuclei are more easily attacked 
by micrococcal nuclease. Nuclei derived from tonsils seem 
to be the less-accessible to the nuclease. These results 
suggest that the chromatin in Raji cells is in a more open 
and accessible to nuclease form than the chromatin in the 
other two cell types. The experiments have been repeated 
four times and show good reproducibility. 

b) Estimation of the DNA Repeat Length 
For the measurement of the DNA-repeat length, nuclei 

were digested with micrococcal nuclease, as described in the 
Experimental section, to the same extent, usually to the 
point at which 4% of the original DNA had become acid solu
ble. To ensure strict comparability it is essential to exa
mine on gels samples digested to the same degree because the 
amount of material in a band may affect the migration of the 
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Fig. 1. Time course of digestion of nuclei by micrococcal 
nuclease. 
Nuclei were digested with micrococcal nuclease for various 
times, and the amount of DNA that was rendered acid-soluble 
was determined as described in the experimental section. The 
values shown are the means for duplicates with the control 
values subtracted. Symbols: e, Raji nuclei; ., P3HR-1 nuclei; 

• lymphocytes nuclei. 

neighbouring bands and lengthening the time of digestion 
may shorten the DNA fragment. 

The band sizes were obtained from a calibration graph 
constructed with the use of restriction fragments of bacte
riophage ~X174 RF DNA run in the same slab gel (Fig. 2). 
The values for the DNA repeat lengths in the various nuclei 
were measured by taking the slope of a graph of band size 
,in base pairs) against band number (Fig. 3) as in method 
of Noll and Kornberg (1977). In this way the effect of over
digestion is eliminated. Table 1 gives the band sizes of 
multiples up to a unit size of 4 for the samples shown in 
Fig. 2 and also the nucleosomal DNA repeat lengths for the 
same nuclear samples. As Table 1 shows the nucleosomal DNA 
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Fig. 2. A photograph of a typical gel for the determination 
of the size of DNA fragments obtained from digestion by mi
crococcal nuclease of Raji nuclei, P3HR-l nuclei and lympho
cyte nuclei. 
Nuclei were digested until 4% of the original DNA was rende
red acid soluble. DNA was purified as described in the Expe
rimental section and electrophoresed in 2.5% acrylamide/0.5% 
agarose slab gels (12 cm long) with the Tris-acetate buffer 
system. Electrophoresis was carried out at room temperature 
at 20 rnA for 4 h. Abbreviations: LN, lymphocyte nuclei;Hae, 
Hae III restriction endonuclease digest of bacteriophage 
~X174 RF DNA; R, Raji nuclei; P, P3HR1 nuclei. 

length varies in the three types of nuclei. Raji nuclei 
appear to have shorter DNA-repeat length than P1 HR-l nuclei 
and tonsil nuclei. It has been suggested that tne short DNA 
repeat length could be a consequence of the packaging of 
chromatin in "active nuclei" (Morris, 1976; Thomas and 
Thompson, 1977). The estimated DNA repeat lengths for the 
three nuclear types examined are in agreement with theacces
sibility of the same nuclei to micrococcal nuclease (Fig.l). 
So the more accessible to nuclease Raji nuclei have also 
the shorter repeat length, meaning that these cells have 
a more relaxed form of chromatin than the other two cell 
types. 
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Fig. 3. Three typical graphs for the determination of DNA
repeat lengths in the Raji, P3HR-1 and lymphocyte nuclei. 
The sizes of DNA bands were estimated from the calibration 
curve constructed with the use of restriction fragments of 
bacteriophage ~X174 RF DNA run in the same slab gel (Fig.2). 
The distances of migration were measured to the midpoints 
of the bands on the gels. The DNA-repeat length is determi
ned from the slope of the graph. Raji nuclei ( e, upper ab
scissa scale). P3HR-l nuclei ( ., middle-abscissa scale); 
lymphocyte nucle1 (&, lower-abscissa scale). 
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Table 1. Sizes (in base pairs) of DNA fragments produced 
by micrococcal nuclease uigestl0n of nuclel studled, and 
DNA-repeat lengths of the same nuclei. 

The sizes of the DNA fragments in the polyacrylamide gels, 
one of which is shown in Fig. 2, were estimated from a cali
bration curve as described in the text. Mobilities were 
measured from the origin to the midpoints of the bands on 
gel photographs. Repeat lengths were determined by linear 
regression as described in the text and Fig. 3. 

Size of DNA fra~ment (number of base pairs) 
oligomer size Raji P H-R-1 lymphocytes 

1 165 3174 176 
2 365 389 400 
3 546 575 656 
4 735 851 871 

Average repeat lengths 
Raji P H-Rl lymphocytes 

185±1 114±3 233±3 

DISCUSSION 
The present results show that nuclei from two lymphoma 

cell lines have a different packaging of chromatin than 
normal lymphocytes. The two lymphoma cell lines, Raji and 
P3HR-l are also different in the same respect. Thus, Raji 
nuclei have a shorter DNA-repeat length than nuclei derived 
from the other two cell types examined. The DNA-repeat length 
is measured in the overall products of the digestion and con
sequently the DNA-repeat length obtained is a mean value for 
the repeat lengths in the genome. 

The explanation of our results should be seeked in the 
known differences between Raji and P3H3-1 cells. Raji cells 
have the EBV integrated in the genome and do not produce 
EBV particles (zur Hausen and Schulte-Holthausen, 1970; No
voyama and Pagano, 1971). In the same cells it has been 
found a translocation involving the c-myc oncogene, which is 
translocated to the chromosome carrying the immunoglobulin 
genes (Klein, 1983) and it has been suggested that the above 
translocation is responsible for the neoplastic phenotype of 
these cells. In P3HR-l cells the EBV is also integrated, but 
a certain region of the EBV genome is missing (Klein, 1984). 
Possibly the absence of this region is responsible for the 
lytic viral cycle occuring in these cells. 
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However, in order to understand better the relation 
of chromatin structure and gene regulation, we must examine 
the chromatin structure of regions flanking the integrated 
E.B. viral genome by DNase I, an enzyme, which specifically 
recognizes and digests regions of chromatin preceding 
active in trascription genes (Elgin, 1931; Schubach and 
Groudine, 1984). 

The estimation of repeat lengths in newly transformed 
lymphocytes would also enable us to understand the altera
tion in the packaging of chromatin, that is observed between 
normal lymphocytes and cells from lymphoma cell lines. Work 
concerning the formentioned two points is under progress. 

The change of DNA length per nucleosome observed could 
also be attributed to histone modifications, such as acety
lation and phosphorylation (Wallace et al., 1977; Letnasky, 
1978), since histones with lower positive charge could be 
the cause of a shorter DNA repeat length. Alternatively, 
the role of non-histone proteins should be also considered, 
and specially the role of HMG proteins that have been corre
lated with transcriptional activity and chromatin structure 
(Goodwin et al., 1978; Weisbrod et al., 1980). We believe 
that the study of non-histone proteins in the cells we have 
examined would be very useful in an understanding of the 
organization of chromatin in these cells. 

REFERENCES 
Burton, K. A study of the conditions and mechanisms of the 

diphenylamine reaction for the calorimetric estimation 
of deoxyribonucleic acid. Biochem. J. 62, 315-323 (1956). 

Elgin, S.C.R. DNase. 1- Hypersensitive sites of chromatin. 
Cell~, 413-415 (1981). 

Fahmy, M.J. and Fahmy, O.G. Intervening DNA insertions and 
the alteration of gene expression by carcinogens. Cancer 
Res. 40, 3327-3382 (1980). 

Felsenfel~ G. Chromatin. Nature (London) 271, 115-122 
(1978). -

Goodwin, G.H., Walker, J.M. and Johns, E.W. The High Mobility 
Group (HMG) nonhistone Chromosomal Proteins in the "Cell 
Nucleus" (Busch H. ed.) vol. 6, p.p. 181-219, Academic 
Press N.Y. (1978). 

zur Hausen, H. and Schulte-Holthausen, H. Presence of EB 
virus nucleic acid homology in a "virus-free" line of 
burkitt tumour cells. Nature (London) 227, 245-248 (1970). 



353 

Klein, G.,Specific chromosomal translocations and the gene
sis of B-cell-derived tumors in mice and men. Cell ll, 
311-315 (1983). 

Klein, G., Burkitt lymphoma and nasopharyngeal carcinoma: 
Transformation related aspects. A bstract book 
"1st International Symposium on t;BV and Associate(~ 
Malignant Diseases", 1984. 

Letnasky, K., Nuclear proteins in genetically active and 
inactive parts of chromatin. FEBS Lett. ~, 93-97 (1973). 

Loening, U.E., The fractionation of high-molecular-weight 
ribonucleic acid by polyacrylamide-gel electrophoresis. 
Biochem. J. 102, 251 (1967) 

Lohr, D., Kovacic, R.T. and Van Holde, K.E., Quantitative 
analysis of the digestion of yeast chromatin by Staphy
lococcal nuclease. Biochemistry ~, 463-471 (1977). 

Mintz, B. and Illmensee, K., Normal genetically mosaic mice 
produced from malignant teratocarcinoma cells. Proc. 
Nat. Acad. Sci. (USA) 2l, 3585-3589 (1975). 

Morris, N.R., A comparison of the structure of chicken ery
throcyte and chicken liver chromatin. Cell 9, 627-632 
(1976). -

Noll, M., Differences and similarities in chromatin structure 
of Neurospora crassa and higher eucaryotes. Cell ~, 
349-355 (1976). 

Noll, M. and Kornberg, R.D., Action of micrococcal nuclease 
on chromatin and the location of histone HI. J. Mol. 
BioI. 109, 393-404 (1977). 

Nonoyama, M. and Pagano, J., Detection of Epstein-Barr viral 
genome in nonproductive cells. Nature (London) New BioI. 
233, 103-106 (1971). 

Ord, M.G. and Stocken, L.A., Nucleosomes from normal and 
regenerating rat liver. Biochem. J. 178, 173-185 (1979). 

Peacock, A.C. and Dingman, C.W., Molecular weight estimation 
and separation of ribonucleic acid by electrophoresis 
in agarose- acrylamide composite gels. Biochemistry I, 
668-674 (1968). 

Pederson, T. and Pavis, N.G., Messanger RNA processing and 
nuclear structure: isolation of nuclear ribonucleoprotein 
particles containing b-globin messenger RNA precursors. 
J. Cell BioI. 87, 47-54 (1930). 

Schubach, W. and Groudine, M., Alteration of C-myc chroma
tin structure by avian leukosis virus integration. 
Nature (London) 307, 702-708 (1934). 

Stein, G.S., Stein, J.L. and Thompson, J.A., Chromosomal 
proteins in transformed and neoplastic cells: A review. 
Cancer Res. ~, 1181-1201 (1978). 



354 

Thomas, J.~. and Thompson, R.J., Variation in chromatin 
structure in two cell types from the same tissue: a 
short DNA repeat length in cerebral cortex neurons. Cell 
lQ, 633-640 (1977). 

Wallace, B.R., Sargent, T.D., Murphy, R.F. and Bonner, J., 
Physical properties of chemically acetylated rat liver 
chromatin. Proc. Natl. Acad. Sci. (USA) 2i, 3244-3L43 
(1977). 

Weinhouse, S., Glycolysis, Respiration and anomalous gene 
expression in experimental hepoctomas. Cancer Res. 11, 
2007-2016 (1972). 

Weisbrod, S., Groudine, M. and Weintraub, H., Interaction 
of HMG 14 and 17 with actively transcribed genes. Cell 
~, 289-301 (1980). 

Zongza, V. and Mathias, A.P., The variation with age of the 
structure of chromatin in three cell types from rat 
liver. Biochem. J. 179, 291-298 (1979). 



32 

NOVEL BIOLCXJICAL FUNcrICNS ASSOCIATED WIlli EPSTEIN-BARR 

VIRUS DNA 

Bever ly E. Griffin 1 , David King2 and Loraine Karran2 

Royal Postgraduate Medical School, Harrrrersrnith Hospital, 
London Wl2 and2 IIII>erial Cancer Research Fund, Lincoln's 
Inn Fields, London WC2, England. 

SUMMARY 

Transfection of primary kidney cells of non-human pri_ 
mates with specific EBV DNA fragments from a recombinant 
DNA cosrnid library, has allowed two functions associated 
with the virus to be mapped on to the viral genome. One, 
designated the "p31 function" is associated with cellular 
inmortalisation, and the other, designated the "p5 function" 
appears to play a role in cellular differentiation. Trans
fection experiments with fragment p31 show that in vitro, 
epithelial cells of both AGMK, marmoset and human-origin are 
selected for growth proliferation in preference to fibro
blasts. Poorly differentiated epithelial cell lines have 
been established. In the presence of EBV DNA fragments 
p31 + p5, "dome" producin~ cells from primary marmoset kid
neys have been obtained. A working hypothesis regarding 
EBV-induced transformation of epithelial cells is put forward. 

INTRooucrION 

In spite of considerable evidence that supports the notion 
of a virally-encoded transforming gene within EBV, the local
isation of this gene and its identity have not been unambig
uously resolved. Our attempts to provide a solution are 
straight-forward and involve transfection of fragments of 
viral DNA into primary cells, then monitoring phenotypic 
alterations. Initial trials were carried out using a cosrnid 
'library' composed of partially digested Bmu HI fragments of 
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EBV and a mixture of cell types (both fibroblast and epi the
lial cells) derived from the kidneys of an African green 
m:mkey (AGMK cells). These experiments, which have been 
published (Griffin and Karran. 1984), demonstrated that 
immortalisation of epithelial cells could be induced in re
sponse to two specific overlapping regions of the viral 
genaoo carried within the cosmid p13 (p33) and p3l (see Fig 
ure 1) It is worth noting that in the presence of the EBV 
DNA, epithelial cells were stimulated to outgrow fibroblasts 
under ordinary tissue culture conditions (E4 media + 5% 
foetal calf serum), strongly suggestive of intervention in 
normal cell growth by saoo viral function. 

The established A~H( cell lines obtained in this fashion 
have the following properties: 

a. Morphologically, they resemble the flat, cuboidal 
epithelium. 

b. Inmunofluorescence, using a rronoclonal antibody specific 
for epithelial cells (LE 61; Lane, 1982), reveals tonofila
ments characteristic of this class of cell. 

c. "Footprints' of EBV DNA in the cellular chrarosaoo 
alter their sequence arrangements during the continuous 
passaging of cells in culture, ultimately reaching a stable 
pattern which persists after rrore than two years in culture. 

d. Cells grow to relatively high density in vitro. 
None of the cell lines. however, displayed fully-transfonned 
phenotypes. That is, their growth in either low serum (1%) 
or semi . .solid media (soft agar) was limited, and they did 
not produce tunours in athymic (nu/nu) mice. The in vitro 
experiments are thus in accord with the hypothesis that EB 
virus provides a function that stimulates cells to prolife
rate continuously, but tunour fonnation depends on 'cofactors' 
or 'genetic accidents', such as those that induce or succeed 
chromosomal translocations (Klein, 1983). 

IMWRTALISATICN OF MARMJSEI' (AND HUMAN) CEllS 

The study of chromosomal alterations as possibly necessary 
events accompanying the expression of a fully~transformed 
phenotype would be difficult with A~llC cells since they have 
60 chraoosaoos (diploid nunber) , and many of those are large 
and of similar size (Hsu and Benirschke, 1967). For this 
reason, as well as to detennine whether the capacity to im
rrortalise epithelial cells is a general property of the EBV 
DNA fragments, experiments similar to those described above 
were carried out with primary kidney cells derived from 
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cammon marmosets (Callithrix jacchus, chromosome diploid no. 
46; Hsu and Benirschke, ibid.). Again, in these marmoset 
studies, epithelial cellS1M9re found to outgrow fibroblasts 
in response to one of the two (p31) 'immortalising fragments' 
used in the AGMK experiments (Griffin et al., in press). 
The properties of the mannoset cells. which have now been in 
culture for more than a year, are in most respects sirrdlar 
to those already described above for AGMK cells. At passage 
20 (nearly eight months in culture), the p31-transfected 
marmoset cells were still diploid. Morphologically, they 
grew in a more or less ordered manner, but reached higher 
densities (about twice) than normal cells by close~acking 
on a dish; they did not overgrow to fonn foci. The cells 
appeared to reach a quiescent state and could remain so for 
a long time in culture. They had gross features reminiscent 
of cells derived fram undifferentiated renal carcinomas 
(Bennington and Beckwith, 1979). 
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Schematic diagram shOWing the location of the EBV DNA cos
mid library in relation to the EcoRI and BarnHI physical maps 
of the viral genome} strain B95-8. (Adapted from Griffin 
and Karran, 1984). 



358 

Several further studies were carried out on the primary 
marmoset kidney cells: (a). One involved transfections using 
p3l DNA that had been cleaved with a variety of restriction 
endonucleases. This e~riment had the two-fold purpose of 
providing circumstantial evidence in support of a virally
encoded 'immortalising function' and further localisation of 
it on to the viral genome. Preliminary results (D.K., un
published) suggest that a number of enzymes, including BamHI, 
EcoRI (see Figure 1 as well as ~II and HindIII, destroyed· 
the function. These data support the notion of an EBV en
coded immortal ising gene since the functional behaviour of 
transfecting DNA could be altered by a variety of enzymes. 
(b). The second type of experiment sought to ask whether 
another gene, complementary for transformation rrdght also 
exist wi thin EBV. Thus, fragIrent p3l was used together with 
other individual EBV DNA clones in transfection experiments 
with marmoset cells, and morphological changes associated 
with fully-transformed cells (dense focus formation etc.) 
were monitored. In the instance where p3l and p5 were used 
in concert, an unusual and unexpected alteration was observed 
(Griffin et al., in press). That is, after several months in 
culture, cells that were allowed to grow to confluence and 
rest in culture were found to be highly polarised and to pro
duce "domes" or "hemi-cysts"characteristic of actively trans
porting epithelium (Handler et al., 1980). Such cells can 
generally be stimulated to fonn domes by a variety of agents 
that also show potent activity in inducing a differentiated 
phenotype in other systems, such as Friend erythroleukemia 
cells; domes can be abolished by ouabain which binds to trans·
port sites (Lever, 1980). Similar effects were observed in 
the case of the p3l + p5 transfected marmoset cells. It 
should be noted that no domes were observed in cells trans
fected with p3l alone, or in control cells. Thus, it would 
appear that cell polarisation and concomitant dome formation 
were related to the expression of same function associated 
with information contained in the cosrrdd, p5. Morphologi
cally, p3ljp5 transfected cells had gap junctions, etc., 
indicative of highly differentiated cells. 

Although it may be premature to ascribe any specific 
significance to the latter experiments, the facts that the 
immortalised cells are undoubtedly sensitive to agents that 
induce differentiation and that dames have been postulated to 
arise in vitro by a process similar to cell differentiation 
(Lever~198l, and references therein), have led us to evoke 
a working hypothesis regarding EBV (Griffin, in press). This 
assumes that EBV encodes (within p31) a function associated 
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with immortalisation, and(within p5)a function associated 
with differentiation. Further it presupposes that sub
populations of Eb viruses exist which, lacking the 'p5 func~ 
tion', can immortalise a cell via the 'p3l function' and make 
it thus susceptible to subsequent events that generate the 
fully-transformed phenotype. 

Analogous experiments have also been carried out on human 
cells. It has been observed that transfection with p3l re
sults in growth alteration of mammary cells (Griffin et al. 
in press), although no cell line has yet been established. 
On the other hand, primary foetal human kidney cells trans
fected with p3l have been in culture for nearly seven months 
and epithelial cells in the population are still growing 
well under nonnal tissue culture conditions. Thus it would 
appear that a function capable of immortalising a.sub-set of 
epithelial cells fram a variety of sources may exist within 
the EB viral genome. 

CXNCLUSIONS 

For practical reasons, all our transfection studies to date 
have been carried out on epithelial cells; it is by no means 
clear,however, that our data could be extrapolated to allow 
conclusions to be drawn about immortalisation of B lympho
cytes. Indeed, the deletion localised on to the BamHI W, Y, 
and H fragments (see Figure) in the non-transforming P3HR-l 
viral strain have focussed on this region (which lies within 
p5) as a transfonnation-associated area of the EBV genane 
with regard to B-lymphocytes (Rabson et al.. 1982; Jeang and 
Hayward, 1983; and Stoerker and Glaser, 1983). Further, since 
experimentation on other 'transforming' viruses have pointed 
to a variety of mechanisms whereby viruses induce continuous 
proliferation of cells (including viral gene expression, in~ 
sertion-pramotion, mutation, etc.) it will not be surprising 
if a virus as large as EBV can interact with epithelial cells 
and B-lymphocytes in different manners. 
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SUMMARY 

We have analyzed EBV DNA content in nasopharyngeal 
carcinoma tissue (NPC) samples from endemic and nonendemic 
regions. The samples were histopathologically classified 
as 1) squamous cell carcinomas, 2) nonkeratinizing 
carcinomas, or 3) undifferentiated carcinomas. Southern 
blots, prepared from DNA purified from ~~C tissues, were 
hybridized to 32P-labeled cloned restriction enzyme 
fragments of EBV. Twenty-six samples of all three 
histopathologic classifications regions were positive for 
EBV DNA. We have also attempted to identify the state of 
viral expression within the tumor at either the level of 
transcription or by identification of viral polypeptides. 

The EBV sequences which encode mRNA in latently 
i n f e c ted 1 y mph 0 c y t e s are t ran s c rib e din m 0 s t tum or 
specimens. Some NPC tumor specimens and tumors grown in 
nude mice contain RNA encoded by additional sequences. We 
have identified by Northern blot analyses some of the EBV 
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mRNAs encoded by these sequences. Many are similar in 
size to EBV mRNAs which are believed to encode early 
functions. 

To investigate the possibility of viral activation. 
immunoblots of tumor tissue lysates were prepared and 
reacted with high-titer EBV-specific antisera and a 
monoclonal antibody to the diffuse component of the early 
antigen (EAd). Proteins which may be viral specific were 
detected in some specimens; however EAd could not be 
detected in twenty-two tumor samples including those which 
had activated transcription. 

INTRODUCTION 

Nasopharyngeal carcinomas are classified into three 
histopathologic subtypes by the World Health Organization: 
1) squamous cell carcinomas. 2) nonkeratinizing carcinomas 
and 3) undifferentiated carcinomas. Types 2 and 3 are 
associated with the Epstein-Barr virus in that EBV DNA is 
detected in the tumor tissue and patients have elevated 
titers to the diffuse component of the EBV early antigen 
and to the viral capsid antigen (VCA) (Andersson-Anvret et 
al •• 1977). These antibody titers can be correlated to 
tumor mass and disease progression (Henle et al •• 1973); 
therefore it is of interest to determine if the antibody 
response reflects the state of viral expression within the 
tumor tissue. 

Our studies have concentrated on detecting the 
Epstein Barr viral genome in NPC tissue and determining 
the state of viral expression either by analyzing the 
viral sequences which are transcribed or by identifying 
viral polypeptides within the tumor tissue. The viral 
sequences which are transcribed in latently infected 
lymphocytes which only express EBNA are also transcribed 
in several WHO 3 carcinomas from patients with elevated 
titers to EA and VCA. In contrast. a WHO 1 carcinoma 
contained EBV DNA and had activated transcription similar 
to abortively infected Raji cells (Raab-Traub et al •• 
1983). Similar transcription was detected in NPC tissue 
grown in nude mice. 
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MATERIALS AND METHODS 

Analysis of Nucleic Acid in Tumor Tissue 

The tissue specimens are homogenized in 4 M guanidine 
thiocyanate, made into a dilute CsCI solution (0.5 gm/ml), 
layered over a 5.7 M CsCI cushion, and centrifuged at 
80,000 X g for 24 hours. After centrifugation, the DNA 
layer is pulled from the cushion interface, dialyzed, 
digested with proteinase K, and extracted with 
phenol:chloroform twice. The DNA is usually digested with 
BamBI, transferred to nitrocellulose after 
electrophoresis, and hybridized to 32p labelled BamBI V 
fragment of EBV, representing the large internal repeat 
sequen.ce, IR1 (Dambaugh et aI., 1980). This procedure 
unequivocally identified a 2 X 106 dalton fragment. 

The RNA fraction forms a clear translucent pellet 
under the cushion and is separated into po1yadenylated RNA 
by oligo dT chromatography. The polyadenylated RNA is 
copied into a 32p labelled cDNA with avian 
myeloblastosis virus reverse transcriptase. This labelled 
cDNA is then hybridized to Southern blots of recombinant 
EBV fragments spanning the genome and to blots of the 
oncogenes. In some cases, RNA is subjected to 
electrophoresis through a denaturing formaldehyde agarose 
gel, transferred to nitrocellulose, and hybridized to the 
labelled EBV fragments which were identified as 
transcribed in the cDNA analysis. 

Preparation of Immunoblots 

Tumor tissue is homogenized in 0.15 M NaCI, 0.57 
Triton X-100, 0.5% Na-deoxycholate, 1mM PMSF, SO wd Tris 
pB 7.3 and the protein content is determined by a 
Folin-Lowry reaction. Protein lysates are subjected to 
electrophoresis through a 7.5% polyacrylamide gel and 
transferred to nitrocellulose by diffusion. The sheets 
are treated with high titer human antisera or a nlonoclonal 
antibody toEA(d) (Pearsonet aI., 1983). Boundantibody 
is detected using peroxidase - tagged goat anti-human or 
anti-mouse IgG. 
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RESULTS 

Detection of EBV DNA 

The hybridization to Southern blots of multiple NPC 
DNAs is shown in Figure 1. In most cases hybridization 
with BamHI V is readily detectable particularly in the NPC 
WHO Type 3 undifferentiated carcinomas and the NPC WHO 2 
non-keratinizing carcinomas. The hybridization to the 
WHO-1 differentiated tumors is usually much weaker or 
borderline detectable. For example in NPC 62, (Figure 1) 
hybridization with BamBI V weakly identified a fragment at 
2 X 10 6 d. This was confirmed by hybridization with 
32P-labelled EcoRI B which identified the BamHI 
fragments B,E,G,K, and R, which are contained within EcoRI 
B. Almost all of the NPC samples, Table 1, which have 
been analyzed by this method have been positive for EBV 
DNA. These NPC samples are from American, Alaskan, 
African, and Taiwanese sources. All three of the 
histologic subtypes have been positive for EBV DNA 
although the comparatively weak hybridization in the NPC 
Type 1 may reflect low copy number or mixed histology. 

WHO C 3 _ 2_ 

Ia",HI 

• 
v t 

•• • •• y" y' 

a 
E 
G 

It 

R 

.. .. 

(coRI a 

Fig 1: Hybridization of EBV DNA Fragments to BamHI 
digested DNA purified from NPC biopsies. 
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TABLE 1 

Detection of EBV DNA in Nasopharyngeal Tissues 

HISTOLOGY # SPECIMENS # POSITIVE 

WH03-undifferentiated 20 19 

WH02-nonkera tiniz ing 3 3 

WH01-differentiated 3 3 

Analysis of EBV Transcription 

Our previous studies have identified the EBV 
sequences which encode RNA in NPC human biopsy material as 
well as NPC grown in nude mice (Raab-Traub et a1.. 1983). 
By comparison with data obtained from lymphoblastoid cell 
lines we can ascertain the state of viral infection and 
begin to identify functions which may be particularly 
important in NPC. 

NPC biopsies from several patients with WHO 3 or 
undifferentiated carcinomas and elevated titers to the EBV 
early antigen had a latent pattern of viral transcription. 
The sequences which encode EA were not transcribed in 
these tu.mors. One biopsy had activated transcription 
including transcription from most of the sequences which 
are transcribed in abortively infected Raji cells. which 
do synthesize EA. This patient was an ~~C type 1 and had 
no detectable titer to EA. Similar patterns of 
transcription were detected in all NPC tumors grown in 
nude mice. 

On Northern blots of RNA obtained from the nude mouse 
tumors we have identified some of the characteristic early 
replicative RNAs (Hummel et al •• 1982). such as the 2.7 
and 1.9 kb RNAs encoded by BamHI H (Fig. 2). We are 
particularly interested in the multiple messages encoded 
by EcoRI DI] het because it is the most abundantly 
transcribed fragment in both the biopsies and the tumors 
grown in nude mice. 
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Fig 2: Identification of EBV mRNAs encoded by BamHI, 
H,Y,K,B or EcoRI DII het in NPC grown in nude mice. 

Screening for Oncogene Expression 

We have begun to establish a library of recombinant 
DNA clones of identified oncogenes and have utilized this 
material to screen NPC tissue for elevated transcription 
of a particular oncogene. Recombinant DNAs which include 
the following oncogenes have been used in this screening: 
v-myb, v-myc, Harvey v-ras, Kirsten v-ras, Harvey c-ras, 
v-abl, v-mos, mouse-mos, human-mos, v-erb, v-fos, v-rOSi 
v-sis, and v-sarc. The labelled cDNAs to NPC RNA have 
been hybridized to Southern blots of the oncogene 
library (Fig. 3). Although we have not yet detected any 
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Fig 3: Hybridization of 32P-labelled cDNA of 
polyadenylated RNA from NPC tissue grown in nude mice to a 
library of recombinant DNAs containing various oncogenes. 

hybridization with material prepared from biopsies, with 
cDNA from 4 NPCs grown in nude mice there is apparently 
abundant transcription to simian sarcoma virus, v-sis. In 
addition a control carcinoma of the ethmoid grown in nude 
mice also strongly hybridized to sis. 

Screening for Viral Proteins in NPC 

Many biopsy samples are too small to obtain nucleic 
acid; therefore we have prepared immunoblots of protein 
lysates from these samples to identify viral proteins and 
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to determine if the tumors are latently or abortively 
infected. On duplicate filters the protein lysates of 5 
NPCs were compared with proteins from Raji cells 
superinfected with HRl (Fig. 4). For most screenings we 
have used one extremely high titer serum EA 1:160.000. VCA 
1:640.000. the gift of Dr. G. Lenoir. The protein lysate 
from NPC 18 had several proteins which may be 
virus-specific. Other high titer EA sera, usually from 
patients with NPC, were also used for screening. Using 
this type of analysis we have compared the reactivities of 
a few NPC sera on SIRC proteins. For example the 
high-titer sera reacts strongly with a 110K protein 
whereas the NPC sera does not but reacts strongly with the 
49K component of EA(d). Of the few sera we have compared 
there does not appear to be consistent reactivity with 
particular viral proteins in superinfected Raji cells. 

Very few proteins reacted in the NPC lysates and it 
is impossible to identify positively any of these as viral 
proteins using human sera with multiple reactivities. 
Therefore as monospecific and monoclonal antibodies become 
available to individual viral proteins we wish to screen 
duplicate immunoblots of these lysates. Because of the 
characteristic high antibody titers to EA(d) in patients 
with NPC, it wa s of particular interest to screen tumors 
for the presence of EA(d) using a monoclonal antibody. 
This antibody reacts extremely well on immunoblots and 
identifies a heterogeneous family of proteins in SIRC 
ranging from 49-55 K. It can be seen in Figure 5 that the 
reactivity with the monoclonal serum in contrast to the 
high titer sera is much greater. We have screened 22 NPCs 
by this method and have not detected a trace of this 
EA(d). Interestingly EA(d) was not detected in NPC 18 
which had a low level of transcription from the fragment 
which encodes this component of EA. This suggests that 
either the protein is present at such a low level to be 
undetectable, that another unrelated protein is encoded by 
these sequences. or that the sequences are transcribed but 
not translated. 
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Fig 4: Immunoblots of polypeptides extracted from NPC 
tissues or superinfected Raji cells reacted with high 
titer human sera or a monoclonal to EA(d). 

DISCUSSION 

It is apparent that all NPC from endemic and 
nonendemic regions of all histologic subtypes contain EBV 
DNA. The hybridization to differentiated tumors is weak 
but unequivocal in that multiple EBV fragments can be 
identified on Southern blots. In addition, one 
differentiated NPC, NPC 18, contained detectable EBV DNA 
and extensive transcription of viral RNA. This patient 
had a low titer to VCA and no detectable titer to EA. 
Many of the sequences which were transcribed in this 
specimen and in all of the tumors grown in nude mice are 
believed to encode components of EA. However, analysis of 
the protein content of NPC 18 and the tumors grown in nude 
mice on immunoblots revealed that these tumors did not 
contain the component of EA(d) recognized by the 
monoclonal antibody. It is possible that the sequences 
are transcribed but not translated or that they encode a 
different class of viral functions. 

All tumors grown in nude mice contain relatively 
abundant RNA homologous to the simian sis oncogene. It is 
possible that infiltrating mouse stroma may contain active 
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endogenous retroviruses and that the eDNA may be 
hybridizing to the viral non-oncogene sequences. However. 
several of the oncogene clones including the Harvey and 
Kirsten v-ras clones also contain viral sequences which 
are more likely to be homologous to the endogenous mouse 
retroviruses than those in the simian v-sis clone. 

It is difficult to assess the relation of the v-sis 
transcription to the malignant state of the cells. All of 
the positive tumors have been carcinomas which are not 
believed to express the receptor for platelet-derived 
growth factor (PDGF). One of the proposed mechanisms of 
action of v-sisrequires binding of excreted v-sis or PDGF 
to the receptor on the malignant cell; therefore these 
carcinoma cells presumably would not be susceptible to 
v-sis. Nevertheless. it is tempting to speculate that 
growth in nude mice either activates transcription of sis 
or PDGF or provides a selection for tumors which are 
expressing sis. 
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SUJIIWtY 

EBV DNA from B95-8 strain was introduced into human cord 
blood lymphocytes (CBL) using reconstituted Sendai virus 
envelopes (RSVE) as gene transfer vehicles. The DNA
treated CBL expressed EB virus nuclear antigen (EBNA) 
and synthesized cellular DNA at an increased rate but 
were not immortalized. However, when EBV DNA transfer 
was followed by exposure to UV-inactivated virions, 
full transformation was achieved. The resulting lympho
blastoid cell lines, termed NEB, were of B-cell origin, 
contained 25-50 EBV genome equivalents/cell, but were 
not capable of expressing EA or VCA, or releasing infec
tious virus. Permanent cell lines were also established 
when CBL were coinfected with purified EBV DNA and EBV 
of the HR-l strain. These cells, termed HBD, were of 
T-cell origin, did not express EBNA, but contained EBV 
genomes as determined by nucleic acid hybridization. 
The HBD cells also expressed the early and virus capsid 
antigens of EBV as determined by immunofluorescence 
and radioimmunoprecipitation. The NEB and HBD cell 
lines will be useful for analyzing the mechanism of 
cell transformation by EBV. 

II'nODUCTIOR 

Studies on the cell transforming function of EBV 
have been hampered by the lack of viral mutants, host 
range restriction to B lymphocytes and restricted 
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permissivity of B cells for virus replication (reviewed 
by Miller, 1980; Kieff et al., 1983). Attempts to 
extend the host range of the virus by DNA transfection, 
micro inject ion or virus receptor transp lantat ion resu lted 
in virus replication rather than transformation (Graessman 
et al., 1980; Volsky et al., 1980; Miller et al., 1981). 
An alternative approach to identify and study the trans
forming genes of EBV is by following the function of 
segments of EBV genome in normal human B lymphocytes. 
In order to achieve efficient DNA transfer into lYUlpho
cytes, we have recently applied reconstituted Sendai 
virus envelopes (RSVE) as gene transfer vehicles. In 
principle, EBV DNA is first trapped within RSVE during 
envelope reconstitution. It is then introduced with 
high efficiency into recipient cells by vesicle-cell 
fusion (Shapiro et a1., 1981, Volsky et a1., 1983; Volsky 
et al., 1984a,b). RSVE-transferred cloned BamHI K fragment 
of EBV DNA induced EBNA in 4% of human B cells but it 
did not have any effect on lymphocyte proliferation 
(Volsky et al., 1983, 1984a). Other segments of the 
EBV genome, such as the cloned BamHI Dl fragment, induced 
transient stimulation of lymphocyte DNA synthesis but 
no EBNA (Volsky et al., 1984a). However, no lymphocyte
transforming EBV DNA fragment has been as yet identified. 
Curiously, even purified EBV DNA did not promote cell 
transformation, although it induced EBNA in 1% of the 
RSVE-transferred B cells and stimulated cellular DNA 
synthesis (Volsky et al., 1983, 1984a). The purpose 
of these experiments was to determine conditions permitting 
transformation of human lymphocytes by purified EBV 
DNA. We have found that UV-inactivated EBV facilitates 
transformation of B lymphocytes by RSVE-transferred 
DNA. Coinfection of cord blood lymphocytes with EBV 
DNA and EBV of the HR-l strain also resulted in the 
establishment of lymphoblastoid cell lines, but of the 
T cell origin. 

MATBRTAI-S AIm METHODS 

Sendai virus (SV) was propagated in 10-day old fertilized 
eggs, purified and checked for fusogenic activity as 
previously described (Volsky et aI., 1980). For reconsti
tution and DNA entrappment, isolated SV envelopes (1 mg 
of viral protein) in Triton X-lOO were mixed with EBV 
DNA (20-30 ~g) and reconstituted by dialysis. The recon
stituted, DNA-loaded vesicles (RSVE/DNA) were treated 
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with DNAse (1 mg/ml)to remove untrapped DNA. RSVE-mediated 
DNA transfer (Volsky et al., 1983, 1984a) was performed 
by fusing RSVE/DNA vesicles with lymphocytes at 370 C 
in a buffer containing 160 mM NaCl/10 mM Tris-HCl, pH 
7.5. The cells were then washed in RPMI 1640 medium 
(+15% FBS), exposed to UV-inactivated virions or HR-1 
EBV as described, and cultured under standard conditions. 
HR-1 virus of the HH 514-15 strain EBV (Heston et a1., 
1982) was obtained from starving HH 514-16 cells grown 
in the presence of TPA (20 ng/ml) at 330 C. The superna
tants were concentrated 500 fold. B95-8 virus DNA was 
obtained from nuclear extracts of B95-8 cells and purified 
by repetitive CsCl equilibrium centrifugation. The 
procedure for isolation, propagation and characterization 
of cloned EBV DNA fragments was as described (Dambaugh, 
et a1., 1980). 

RESULTS 

I. Establishment of the NEB and HBD Cell Lines 

Two strategies were used to achieve transformation 
of human cord blood lymphocytes with purified EBV DNA. 
In the first approach, the cells were coinfected with 
purified EBV DNA and UV-inactivated virions. In confirma
tion to our previous results (Volsky, et a1., 1984a), 
purified EBV DNA induced transient stimulation of eBL 
DNA synthesis and EBNA induction, but not permanent 
cell immortalization. When the RSVE-mediated EBV DNA 
transfer was followed by an application of UV-inactivated 
B95-8 or W91 EBV virions, cellular DNA synthesis increased 
exponentially, and the cells became immortalized (Table 
1). The UV-treated virions themself did not induce 
any EBNA or stimulation of cellular DNA synthesis (Table 
1). Six different cell lines, designated NEB, were 
established by coinfection with different preparations 
of EBV DNA and UV-inactivated virions. The cells have 
been in continuous culture for more than a year. 

The second experimental approach was to use purified 
EBV DNA for the functional complementation of the non
transforming P3HR-I strain of EBV. One hour after the 
RSVE-mediated EBV DNA transfer, lymphocytes were exposed 
to P3HR-1 virus of the HH 514-16 strain (HH-EBV) (Heston 
et a1., 1982). We have chosen this viral iso late because 
it was shown to induce little or no EA upon superinfection 
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of Raji cells (Heston et al., 1982), and thus it could 
be expected to be less cytolytic. The DNA-transferred, 
HH-EBV exposed cells were cultured on irradiated feeder 
layer of mouse 3T3 f ibrob lasts and tested weekly for 
EBNA induction and morpho logic transformation. The 
coinfected cells rapidly proliferated during the first 
two weeks, then declined to few living cells about four 
weeks after infection, and finally grew out into perma
nently transformed cell lines about two months from 
the beginning of the experiulent (Tab Ie 1). The cells 
exposed to HH-EBV alone died within two weeks after 
viral infection (Table 1). Three cell lines, termed 
HBD, have been established by this approach. The cells 
have been in continuous culture for Dver a year. 

II. Characterization of the NEB and HBD cell lines 

The principal features of NEB-II and HBD-l cell lines 
are summarized in Table 2. NEB-II cells contained B-l+, 

Table 1. Establishment of lymphoblastoid call linas by coinfection 
of human cord blood lymphocytas with purified EBV DNA and UY-inactivated 
virions or EBV of HA-1 strain. 

Stimulation 
System EBNA of cellular 2) Immortalization LCL 

i nduc t i on 1 ) DNA synthasis into LCL code 
-----------

B-EBV + + + LCL 

UY-B-EBV 

RSVE/DNA + + 

RSVE/DNA+UV-B-EBV + + + NEB 

HH-EBV 

RSVE/DNA+HH-EBV n.t. n.t. + HBD 

1) Tasted bY2rnticomplementaimmunofluorascence a days after infection! 
coinfaction; Tested by ( H)-thymidine uptake into total cellular 
DNA 7 days aftar infection!coinfaction; B-EBV: EBV of 895-8 strain; 
UY-B-EBV:2UY-inactivated B-EBV (22 min undar 15 W GE germicidaL Lamp; 
10 erg/mm Isee); HH-EBV: HB-1 EBV of tha HH-514-16 strain (Haston at 
aL., 1982); RSVE/DNA: raconstituted Sendai virus enveLopes containing 
purified E8V DNA from 895-8 caLLs. 
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Ig+, EBV-R+, OKT-ll-, OKT-3- lymphocytes, indicating 
that the cells belong to a B cell lineage (Table 2). All 
of the NEB cell lines estab lished in our laboratory 
expressed surface IgM (Volsky, et al., 1984b), confirming 
the known tropism of EBV to IgM-expressing lymphocytes. 
All NEB-ll cells expressed EBNA; however, the cells 
were completely negative for EA and VCA. TPA and N-buty
rate treatment had no effect on the antigen induction 
in these cells, neither could infectious virus be collected 
from cell supernatants after the treatment (Table 2). 
Nucleic acid hybridization with EBV DNA fragments as 
probes confirmed that NEB-II cells contained mUltiple 
copies of the viral genome (Fig. 3A). 

In contrast to NEB-II cell line, the cell surface 
characterization of HBD-I cells showed that they contained 
predominantly OKT-II+, OKT-3+, Leu-l+, B-I-, Ig-, EBV-R
lymphocytes (Tab Ie 2), indicating that the cells belong 
to a T cell lineage. Examination of Wright's-stained 
HBD cell smears revealed mature and immature T cell 
morphology (not shown). Cytogenetic analysis revealed 
that HBD lines have normal karyotypes as expected in 
cells obtained from healthy donors. In spite of their 
T cell origin, HBD cells contain and actively express 
EBV. This has been demonstrated in several ways: 1) 
up to 30% of cells expressed early antigen (EA) and 
virus-capsid ant igen (VCA) , as detected by indirect 
immunofluorescence on methanol-fixed slides using mono
clonal anti-EA and anti-VCA antibodies. About 40% of 
cells bound monoclonal anti-MA antibodies as measured 
on living cells by flow cytometry. In spite of this 
active expression of several EBV-specific antigens, 
the HBD cells were found to be negative for the only 
antigen normally expressed in EBV-transformed human 
B lymphocytes, EBNA (Table 2); 2) mature and immature 
herpesvirus particles have been detected by electron 
microscopy; 3) multiple viral genomes have been detected 
by DNA-DNA hybridization with a specific viral probe 
(Fig. 3A); 4) numerous EBV-speci!~c polypeptides have 
been identified in extracts of ( S)-labelled HBD cells 
by immunoprecipitation with a high titer EA+/VCA+ human 
serum (Fig. 3B). The HBD cells were negative for the 
only other human virus capable for transforming T lympho
cytes, HTLV, as the cells did not express ATLV-determined 
antigens (ATLA), did not contain any C-type retroviral 
particles when examined by EM, and were negative for 
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Table 2. Properties of the NEB and HBD cell lines. 

Marker/feature Method of Determination 

EBNA ACIF 

EA IF 

VCA IF 

M~ ~ 

RT RT assay 

Herpes virus psrticLes 

EBV genome 

Inducibility with TPA 
Dr n-butyrate 

Retrovirus particLes 

+ 

+ 

+ 

+ Hybridization 

IF 

~ 

One year-oLd (continuous cuLtures) NEB and HBD ceLL Lines were anaLyzed 
for ceLL surface phenotype by an Ortho system 50H cytofLuorograph (fLow 
cytometry) with a lexel argon ion Laser tuned to 48B nm waveLength at 
0.5 W. The monocLonaL markers were purchased from Ortho Diagnostic 
Systems, Inc. (OKT-3, OKT-11), CouLter ELectronics, Inc. (B-1), Becton
Dickinson (leu-1), Tago, Inc. (Ig). EBV receptors (EBV-R) were assayed 
using fLuorescein-isothiocyanate LabeLLed-virions and flow cytometry 
as previously dascribed. EBV-membrane antigen (EBV-MA) was detected 
flow cytometrically using mouse monoclonal anti-MA antibodies. EBNA 
was assayed by an anticomplement immunofluorescence (ACIF) test; EA, 
VCA and AT~ were determined by indirect in situ immunofluorescence 
(IF) using smears of methanol fixed cells and mouse monoclonal anti-EA 
and anti-VCA antibodies (Biotech Res. Laboratorias, Maryland), Dr serum 
from an ATl patient, respectively. Poly(A)-dependent DNA polymerase 
activity (reverse transcript8se 8ssay, RT) was measured in 50 ~l of 
50 ~M Tris HCl, pH 7.5/5 mM dithiothreitoL/100 mM KCL/10 mM MgCl~ 10~ 
rdf)H)dTTP/0.1% Triton X-100 containing 2 ~g of poly (A), 0.4~g of 

12-1B and 20 ~l of cell extracts. For electron microscope examina
tions (EM), cells were fixed in 1% glutaraldehyde, processed according 
to atandard methods and observed under Phillips EM300. ONA-DNA hybridiza
tion was performed as described in legend to Fig. 1. 
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Fig. 1. Detection of EBV genome end EBV-specific poLypeptides in the 
T-LymphOblastoid ceLL line HBD-1. 

A 

HBD-l 

HBD-IC 

NEB-l 

Raji 

1301 

B 

-160 

_98 

_86 

-78 

-65 

_50 

-37 

A: Detection of EBV genoma in HBD cells by nucleic ~id hybridization. 
The ceLLs (in 2-fold dilutions starting from 0.5 x 1D ) were washed 
and blotted on nitrocellulose filters in a menifold epparatus using 
the Quick-Blot procedure of Bresser et al (1983). The hybridization 
cocktail contained 6 x Sse/50% formamide/0.05 M N!aP04 buffer. pH 7.011% 
SIS. and denatu§~ EBV DNA fragments EcoRI J. ~OAl 62, and EcoRI C+H 
labelled with ( P) by nick transletion (2 x 10 cpnv'~g DNA). The 
hybr idization was for 48 h at 42 C. rollowed by posthybridization washes 
and autorediography. B: Polyacrylamide gel el~gtropherogram of EBV
specific polypeptidas immunos§ecipitated from ( S)-labelled HBD-1 cells. 
The cells were pulsed with ( S)methionine (New England Nuclear. 1166.5 
Cilmmol; 50IlCilml) in methionine-free medi)lm fo~ 6 h. then washed. 

extracted. and immunoprecipitated with an EA /VCA serum (titer: EA 
1:5120. VCA 1:20480; EBNA 1:40; lane 1) or EBV negative (C.K.) serum 
(lene 2). The immunoprecipitates were resolved on 10% SIS-polyacrylamide 
gels. followed by eutorediography using Kodak XAR-2 paper and intensifying 
scraens. The_§Umbers refarring to EBV-determined proteins ere their 
mol. wt. x 10 • 
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the reverse transcriptase activity (Table 2). 

DISCUSSION 

In this work we report on the establishment of human 
lymphob lastoid cel1 lines by coinfect ion with purified 
EBV DNA and transformation-defective virions. Conditions 
have been determined which permit efficient :introduct ion 
and permanent expression of purified EBV DNA in normal 
human lymphocytes, paving the way for the identification 
of EBV DNA segments involved in B cell transformation. 

Two experimental strategies have been successful 
in achieving cell transformation after RSVE-mediated 
transfer of EBV DNA: a subsequent application of UV-inac
tivated virions from the transforming strains of EBV, 
or subsequent exposure to the non transforming HH-514-16 
substrain of EBV (Tab Ie 1). The possib Ie contribut ion 
of UV-inactivated virions to the process of cell transfor
mation by isolated EBV DNA is presently unclear. The 
amplified EBV DNA in NEB cell lines seems to originate 
predominantly from transfected DNA rather than from 
UV-inactivated virus (Volsky, et aI., 1984b), indicating 
that the UV-inactivated virions have a helper function 
in the process of cell transformation. The following 
mechanisms might be considered: a) stimulation of the 
cellular DNA repair process by UV-treated EBV DNA, which 
could prorote :integration of the transfected DNA; b) the 
UV-inactivated and RSVE transferred DNA could undergo 
recombination in which the tranforming but not lytic 
genes of the virus would be rescued; c) the RSVE-trans
ferred EBV DNA could be supplemented by a function which 
has been destroyed/ removed by DNA purification, but 
which was present in the UV-inactivated virions. 

The establishment of EBV genome-positive T cell lines 
(HBD) was unexpected. This is the first time that EBV 
genome is found associated with permanently growing 
hematopoietic cel1s of non-B lineage origin. Preliminary 
studies show that the HBD cells contain both the HR-I 
and B95-8 virus DNA, indicating that the two genomes 
complement each other in sustaining the transformed 
state. That the HBD cells are permissive to EBV replica
tion, as reflected by the high expression of EA, VCA 
and MA antigens (Table 1), indicates that T lymphocytes 
are less successful than B cells in controlling EBV 
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rep lication. This could also explain the elimination 
of B lymphocytes from the EBV DNA/HH-virus coinfected 
cultures. 

One of the most intriguing features of the HBD cell 
lines is the complete lack of expression of EBNA. Not 
only is EBNA not detected by immunofluorescence (Table 
I), but there seems to be a block of the transcription of 
the EBV DNA region that encodes for the antigen (Sinangil 
and Volsky, unpublished results). The lack of EBNA 
expression in HBD cells suggests that this antigen might 
not be an essential indicator of EBV infection. EBV 
replication in vivo might actually occur in EBNA-negative 
cells, which were never expected to harbor the virus. 

ACKBOWLEDGEMERrS 

We are grateful to Dr. E. Kieff for supplying the 
recombinant EBV DNA plasmids, to Dr. W. Henle for supplying 
the high titer EA+/VCA+ human sera and to Dr. G. Miller 
for sending the HH-5l4-l6 cell line. We are also indebted 
to L. Pertile and C. Kuszynski for excellent technical 
assistance, and to S. Blum for typing the manuscript. 
This work was supported by PHS NIH grants CA 33386 and 
CA 37465, and by the Nebraska Department of Health (LB506). 

KD'EIlDCES 

Bresser, J., Doering, J., and Gillespie, D., Selective 
mRNA or DNA immobilization from whole cells. DRA 2, 
243-254 (1983). 

Dambaug h, T., Beisel, C., Hummel, M., King, W., Fennewald, 
D., Cheung, A., Heller, M., Raab-Traub, N., and Keiff, 
E., Epstein-Barr virus (B95-8) DNA. VII: Molecular Cloning 
and Detailed Mapping. Proc. Rati. Acad. Sci. USA 77, 
2999-3003 (1980). 

Graessman, A., Wolf, H., and Bomkamm, G.W., Expression 
of Epstein-Barr virus genes in different cell types 
after microinjection of viral DNA. Proc. Rati. Acad. Sci •• 
USA 77, 433-436 (980). 

Heston, L., Rabson, M., Brown, N., and Miller, G., New 
Epstein-Barr virus variants from cellular subclones 
of P3J-HR-l Burkitt lymphoma. Ratore 295, 160-163 (1982). 



382 

Transformation of human lymphocytes by EBV DNA 

Kieff, E., Dambaugh, T., Hummel, M., and Reller, M., 
Epstein Barr virus transformation and replication. In: 
G. Klein (ed.), Advances in Viral Oncology, Vol. 3, 
p. 133-182, Raven Press, New York (1983). 

Miller, G., Biology of Epstein-Barr Virus. In: G. Klein 
(ed.),Viral Oncology, p. 713-738, Raven Press, New York 
(1980). 

Miller, G., Grogan, E., Heston, L., Robinson, J. and 
Smith, D., Epstein-Barr viral DNA: Infectivity for human 
placental cells. Science 212, 452-455 (1981). 

Shapiro, I.M., Klein, G., and Volsky, D.J., Epstein-Barr 
virus coreconstituted with Sendai virus envelopes infects 
Epstein-Barr virus receptor-negative cells. Biochem 
Biophys Ac~a 676, 19-24 (1981). 

Vo1sky, D.J., Shapiro, I.M., and Klein, G., Transfer 
of Epstein-Barr virus receptors to receptor-negative 
cells permits virus penetration and antigen expression. -
Proc. Batl. Acad. Sci. USA 77, 5453-5457 (1980). 

Volsky, D.J., Sinangil, F., Gross, T., Shapiro, I., 
Dambaugh, T., King, W., and Kieff, E., Functional mapping 
of the Epstein-Barr virus (EBV) genome using Sendai 
virus envelope mediated gene transfer. In: D.W. Golde 
and P.A. Marks (eds.), Bormal and Beoplastic Hematopoiesis, 
UCLA Symposia on Molecular and Cellular Biology, Bev 
Series, Vol. 9, p. 425-434, Alan R. Liss, Inc., New 
York (1983). 

Volsky, D.J., Gross, T., Sinangil, F., Kuszynski, C., 
Bartzatt, R., Dambaugh, T. and Kieff, E., Expression 
of Epstein-Barr virus (EBV) DNA and cloned DNA fragments 
in human lymphocytes following Sendai virus envelope-mediated 
gene transfer. Proc. Bat1. Acad. Sci. USA 81, 5926-5930 
(1984a). 

Volsky, D.J., Bartzatt, R., Kuszynski, C., Sinangil, 
F., and Gross, T., Transformation of human cord blood 
lymphocytes by coinfection with UV-inactivated Epstein-Barr 
virus (EBV) and purified EBV DNA. In: Fred Rapp (ed.), 
Herpesvirus, UCLA Sy.posia on Molecular and Cellular 
Biology, Rev Series, Vol. 21, in press, Alan R. Liss, 
Inc., New York (1984b). 



35 

EPSTEIN-BARR VIRUS-ACTIVATING SUBSTANCE(S) FROM SOIL 

Yohei Itol, Harukuni Tokudal , Hajime Ohigashi 2, 
Koichi Koshimizu2 and Yi Zeng3 

lOepartment of Microbiology, Faculty of Medicine 
and 20epartment of Food Sciences and Technology, 
Faculty of Agriculture, Kyoto University, Kyoto 
606, Japan; and 3Institute of Virology, National 
Centre for Preventive Medicine, China 

SUMMARY 

The soil samples collected from under the plants Euphori
biaceae and Thymeleaeceae, which are known to contain--
Epstein-Barr virus (EBV)-activating and tumor-promoting 
diterpene ester compounds, yielded ether extracts which 
induced EBV early antigen (EA). Such findings were extended 
to field studies in southern areas of China where one of 
the EBV-associated diseases, nasopharyngeal carcinoma (NPC), 
is endemic. The soil samples collected from such areas, 
particularly those from under the Chinese tung oil trees 
(Aleurites fordii), which contain active diterpene ester 
HHPA (12-0-hexadecanoyl-16hydroxyphorbol-13-acetate), also 
exerted positive reactivity. When plants which do not con
tain diterpene esters were transplanted into a petri dish 
with such active substances or were grown in soil in which 
they had accumulated, even those portions of the plants 
which were relatively free of such substances yielded 
extracts which activated EBV early antigen (EA) in non
producer human lymphoblastoid cells (Raji). 
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I NTRODUCTI ON 

Many, if not all, species of plants belonging to the 
families of Euphorbiaceae and Thyme1eaeceae contain irri
tating compounds. Such irritants are known to be diterpene 
esters based on the skeleton structures of tig1iane, daph
nane and ingenane (Evans and Schmidt, 1980). The chemical 
extracts from these plants have long been recognized to 
possess tumor-promoting capacity (Diamond et al., 1980). 
The linkage between such tumor-promoting substances and 
EBV-EA induction was shown in recent studies (zur Hausen 
et al., 1979). It was also revealed that many species of 
such plants are currently used as folk remedies in areas 
where two EBV-associated diseases, Burkitt's lymphoma (BL) 
and NPC, are endemic (Hirayama and Ito, 1981; Ito et a1., 
1981a). The Chinese tung oil tree, a member of Euphor
biaceae, is popular allover the southern provinces of 
of China, where it is cultivated chiefly for industrial 
purposes. The plant itself is also used as a source of 
herbal drugs. The essential diterpene ester of this plant 
with EBV-activating and tumor-promoting capacity is HHPA 
(I to et a 1 ., 1983). 

To determine how the EBV-activating substances gain access 
to the human system, we decided to test the hypothesis that 
such substances were in the soil in which the plants were 
grown. This phenomenon of higher plants affecting each 
other through the release of chemicals through their plant 
bodies, known to botanists and agriculturists, is termed 
al1e10pathy (Muller and Chou, 1972). After assaying the soil 
extracts, it became evident that such was the case (Ito et 
al., 1983). Extracts of soil samples obtained from under 
the plants with EBV-activating diterpenes exerted similar 
activities and their potency was comparable to those of the 
plant extracts. The uptake of EBV-activating substances by 
plants which primarily lack such substances was also ob
served. The implications of these findings to the possible 
etiology of BL and NPC is discussed. 

MATERIALS AND METHODS 

Cells and cell culture 

The Raji cell line, an EBV-nonproducer cell containing 
multiple copies of EBV genomes, was cultivated in RPMI 1640 



385 

medium containing 10% fetal calf serum, 100 units of peni
cillin and 250 ~g/ml of 
streptomycin. Under these conditions, Raji cells showed a 
spontaneous rate of induction of EBV EA of less than 0.01%. 

Assay method for EA induction 

The synergistic assay for EA induction in Raji cells was 
employed (Ito et al., 1981a). The cells were adjusted to a 
density of 1 x 106 cells/ml and were incubated with 4 mM 
n-butyrate and various test extracts at varying concentra
tions. 12-0-tetradecanoylphorbol-13-acetate (TPA), at a 
concentration of 10-20 ng/m1, served as a positive positive 
control, and cultures treated only with n-butyrate as a 
negative control. The results were read after 48 hrs incu
bation of the cells at 37 0C, using the indirect immuno
fluorescence (IF) technique (Henle and Henle, 1966). Cell 
smears were prepared on glass slides, air-dried, and fixed 
with acetone at room temperature for 10 min. Activated 
Raji cells expressing EBV EA were stained with EA+-virus 
capsid antigen (VCA+) high titer serum from an NPC patient, 
kindly provided by Prof. H. Hattori, Kobe University 
School of Medicine. The untreated cultures served as con
trols. In each assay, at least 500 cells were counted 
randomly and the EA+ cells were determined. The number of 
viable cells in the culture was determined by the methylene
blue exclusion test (Ito et al., 1981b). 

Soil extracts 

Soil samples (20 g each) were collected from under plants 
of Euphorbiaceae and Thymeleaeceae, and also from plants of 
other species (controls). The collections were made at 
about 0.5 cm from the base of the plant stems at a soil 
depth of 0.2 cm. The samples were extracted with an equal 
volume of ether for 20 min at room temperature (20 0C). 
After evaporating the solvent, the crude extracts were 
weighed and redissolved in dimethylsulfoxide (DMSO) as a 
stock solution of 10 mg/m1. The extracts were prepared in 
final concentractions of lOa, 20 and 4 ng/m' and tested for 
induction of EA in Raji cells. 
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RESULTS AND DISCUSSION 

Detection of EBV-activating potency in extracts from soil 
samples under plants containing active diterpene esters 

The phenomenon of alle10pathy, described above, is accom
plished by chemicals being released from plants by rain-wash, 
root excretion and decay; by pollens, decomposition of fallen 
leaves, flowers and fruit, bark, etc. In the case of the 
Euphorbiaceae and Thyme1eaeceae plants, it seemed probable 
that the EBV-activating substances might also be found in 
the soil surrounding those plants. This was found to be 
the case. Table 1 shows EBV-EA induction (5.9% - 23.8%) in 
Raj; cells by ether extracts of soil under plants containing 
diterpene esters, suggesting excretion of EBV-activating 
compounds; while those from under plants free of such sub
stances, selected randomly from areas of our university 
campus, did not induce EA. 

TABLE 1 
EBV-ACTIVATING PRINCIPLES IN SOIL EXTRACTS 

SamPJ es taken from 
soil under plants 

Species Family 

Sapium Euphorbiaceae 
sebiferum 

Codiaeum Euphorbiaceae 
variegatum 

Euphorbia Euphorbiaceae 
1 athyri s 

Daphne Thyme1eaceae 
odora 

Edgeworthia Thyme1eaceae 
papyrifera 

Vinca Apocynaceae 
rosea 

Castanea Fagaceae 
crenata 

Soil Extracts 
( ].Ig/m1) # 

20 

20 
4 

20 
4 

20 
4 

20 

20 
4 

20 

EBV EA-positive 
cells (%) 

23.8 

12.0 
9.8 
3.6 
7.5 

15.6 
10.5 
5.9 

0.1* 
0.1 
0.1 

20 0.1 
20 0.1 

Control Ground 
Commerci a1 soil 
#Dissolved in DMSO 
*Represents figure 

and used with n-butyrate (4 mM). 
less than or equal to 0.1%. 
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Comparison of EBV-activating potency of soil extracts with 
those of "parental~nts 

It is of interest to determine whether the active substances 
detectable in the soil around the affected plants are related 
to the active chemical(s) in the plant bodies per se. We are 
currently in the process of isolating and purifying the 
compounds from the soil. The chromatographic data, although 
still too preliminary to be definitive, indicate that the 
compounds are at least of the diterpene ester-type. In 
Table 2, data of the EBV EA-inducing capacity of extracts 
from various portions of the plant bodies, as compared with 
those of the soil extracts beneath them, are shown. It may 
be noteworthy that the EBV-induction activity of extracts 
derived from the soil is comparable to, if not exceeding, 
that of the plant-derived extracts, suggesting that such com
pounds are actively released in large quantities in the soil. 

TABLE 2 
COMPARISON OF EBV-ACTIVATING POTENCY OF EXTRACTS FROM PLANTS 

AND FROM SOIL UNDER THE PLANTS 
EBV EA-pos~tive cells 

Plant species Concentration (%) 

Codiaeum variegatum 
Flowers 10 11.4 

2 7.5 
Stems 10 13 .4 

2 10.2 
Soil 20 12.0 

4 9.8 
Daphne odora 

Leaves 10 31.0 
2 29.7 

Soil 20 15.6 
4 10.5 

Sapium sebiferum 
Leaves 2 24.5 

0.4 28.7 
Soil 20 19.3 

10 10.3 
Control 

TPA* 31.1 
n-butyrate 0.1 

*used with n-butyrate (4 mM). 
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EBV-activating factors extracted from plants growing in 
media or soil containin9lCflterpene esters and possibly-
related active-suDStances. 

The next question posed was whether the active substances 
accumulated in the soil could be absorbed by plants of 
other species which normally do not possess such compounds. 
A model experimental system was designed by, culturing 
germinating plants in medium containing EBV-activating 
compounds. Extracts were prepared from the upper portion 
of the plant were assayed for EBV-EA induction after three 
days. 

Bean sprouts and other plants, which are all common vege
tables sold at the market, were the plants chosen to be 
grown in medium containing EBV-EA-inducing compounds. When 
50 ug of TPA and a 5% acetone solution were added to the 
medium (cotton bed on which the germinating plants were 
transplanted and kept for 3 days), the EBV-EA induction by 
the plant extract was 7.3% and 10.2%, respectively; whereas 
the positive control, with 20 ng/ml of TPA in the synergistic 
assay system, showed 22.6% positive cells. 

The next set of experiments were carried out on a species 
of vegetable, Zingider mioga, a popular Japanese delicacy. 
We selected a location rn-a-private garden (Dr. V's), where 
the vegetable was cultivated under a Sapium sebferum tree, 
a parental plant producing active diterpene ester HHPA. 
The location' where the vegetable was grown is illustrated 
in Fig. 1, and the results of the assay of the extracts for 
EBV-activation are shown in Table 3. The portion of Z. 
mioga eaten grows underground (root). The results show that 
considerable EA-inducing activity (1% - 24%) was found in 
the vegetable, normally free of such diterpene esters. 

FIGURE 1 
~l ~ S: Sapium sebiferum 

(4 trees) 

~ Prof. Y. 's house Z. mioga: where vege-
tables are culti-
vated (2.0 m from 

S3 
Garden ~4· 

~4 Z. Mioga 
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TABLE 3 
EBV-ACTIVATING POTENCY OF EXTRACTS OF SOILS AND VEGETABLES 

(Zingider mioga) FROM PROF. Y.'S GARDEN 

Concentration EBV EA+ Cells 
Samples (llg/rnl) _____ J_%) _____ _ 

Soil 
~tween Sl & S2 50 1.0 

10 21.0 
2 2.0 

between-S"3& S4 --------50----------24.3 
10 11.0 
2 7.2 

Control SOTl--------- 50-------0.T 
10 0.1 
2 0.1 

Pl ant (Z. mi oga,----------------------
Leaves 50 0.1 

10 0.1 
2 0.1 

----5~O.---- --0.-'-
10 2.3 
2 1.6 

#2 -;O----------I.T 
10 5.6 
2 6.1 

---rrTpfCKrear-------;u-----------~T 

10 4.3 
2 2.1 

Control 
-~ 27.8 

n-butyrate 0.1 
aRoots are the undergrouna-pQrtion of the veg-e~t-a~b'~e-e-aten 
as delicacy in Japanese cooking. 

The implications of the uptake of active substances by non
active plants may have profound significance. However, the 
evidence is not sufficient at the present time to suggest 
any link to human neoplasia. Further careful studies must 
be carried out to draw any conclusions. 
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Field study for [BV-activating substances from soil under 
trees -of Al-euri tesfOrcfiT ( Chi nese tung oi 1 treeT and other 
p-l ants _ i nNi.~ ef!.~e.E1Jc-areas of sou-ihern Chi na -----

A survey of soil samples collected from under Chinese tung 
oil trees and other Euphorbiaceaes was carried out (Z.Y.) 
in the southern provlrlces-c>r-China to confirm our findings. 
The rate of EBV EA induction by such samples was as high as 
59.5%. Although the data are still qualitative rather than 
quantitative, it appears EBV-activating substances do exist 
in the soils of endemic NPC areas (Zeng et al., 1984) and 
may be a contributing factor in the complex etiology of 
NPC. 
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SUMMARY 

We investigated the interaction of hydrocortisone (HC) 
and EBV. The treatment of P3HR-l cells (propagated at 34°C 
and 37°C) with various concentrations of HC for 7 and 21 
days resulted in enhanced levels of antigen positive cells 
with a maximum increase at 21 days. Virus harvested from 
HC-treated P3HR-l cells grown at 34°C had a 1-2 log higher 
titer in Raji cells when compared to control virus. 

Treatment of AG876 EB virus producer cells grown at 
34°C with 5 and 10 ~g/ml HC for 7 and 21 days resulted in 
up to a 3-fold higher level of IF membrane positive cells. 
Cells treated for 21 days with 10 ~g/ml of HC exhibited 
a 3-5-fold increase in VCA positive cells. When human cord 
blood mononuclear cells were infected with AG876 EBV and 
maintained in HC, earlier transformation was observed. 

These data suggest that hydrocortisone is able to 
enhance the expression of the EBV genomes present in human 
cells and leads to increased levels of antigen expression 
and virus production. The mechanism by which this gluco
corticoid hormone modulates EBV expression remains to be 
determined. 
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INTRODUCTION 

Ringold et ale (1984) have recently summarized current 
research on glucocorticoid-inducible genes involving regula
tory sequences of the MMTV LTR. Rhim (1983) has shown that 
glucocorticoids enhanced the transformation of mammalian 
cells caused by the Kirsten strain of murine sarcoma virus. 
Other studies showed that steroid hormones led to enhanced 
yields of polyoma virus (Morhenn et al., 1973) and further 
increased the production of endogenous type C virus induced 
by 5-iodo2'-deoxyuridine from mouse fibroblast cells 
(Paran et al., 1973). Long-term suspension growth of 
normal immature myeloid cells from human peripheral blood 
was first accomplished in medium containing hydrocortisone 
(Saladhuddin et al., 1982). Thompson et ale (1983) were 
able to grow normal human nasopharyngeal epithelial cells up 
to 146 days when the culture medium included hydrocortisone. 
These cells also could be subcultured up to 50 passages, 
thus providing a method for culturing nasopharyngeal 
epithelial cells in quantities suitable for extensive 
experimental work with Epstein-Rarr virus. Armelin et ale 
(1983), after treatment of a rat glioma cell line with 
hydrocortisone, demonstrated that the morphological 
alterations caused by this hormone were accompanied by the 
induction of an endogenous type C RNA tumor virus. Our 
own studies have shown that higher yields of Herpesvirus 
saimiri (HVS) can be obtained when owl monkey kldney cells 
were treated with hydrocortisone immediately after virus 
infection (unpublished observation). 

Based on the these observations, we were interested in 
investigating the effect of hydrocortisone on EBV. Although 
Magrath et ale (1979) reported on the effect of low tempera
ture and corticosteriods on EBV producer cells, they did 
not study enhancement of virus transformation, EA induction 
or specific yields of EBV. 

MATERIALS AND METHODS 

Chemicals 

Hydrocortisone was purchased from Sigma Chemical Co., 
St. Louis, Missouri, USA, and a stock solution was prepared 
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in ethanol as described by Rhim (1983). This stock solution 
was diluted into growth medium (RPMI-1640 supplemented with 
10% fetal calf serum and 50 ~g/ml gentamycin; Advanced 
Biotechnologies Inc., Silver Spring, MD, IlSA) just prior to 
use. 

Cells 

EB virus producer (P3HR-l, AG876) and nonproducer (Raji) 
cell lines were used for measuring EBV antigens (EA, VCA, 
MA) by immunofluorescence by previously described assays. 
The P3HR-l and AG876 cells were propagated in RPMI 1640 
medium containing 10% fetal calf serum (FCS) and cell 
cultures were carried at 35°C or 37°C. Human cord blood 
mononuclear cells, used for transformation with the AG876 
strain of EBV, were grown in the same medium. 

Virus 

Purified EBV from P3HR-l and AG876 EBV cells was prepared 
by Advanced Biotechnology, Inc. Briefly, lots of virus 
were clarified by centrifugation at 10,000 xg for 10 min., 
concentrated by continuous flow zonal centrifugation in a 
sucrose gradient, pelleted, and resuspended in 0.2% of the 
original volume in complete growth medium. Concentrated 
P3HR-l strain of EBV contained 105 EA units/ml in Raji 
cells and the concentrated strain of AG876 virus had 103 

transforming units/ml in human cord blood lymphocytes. 

To test the effect of hydrocortisone (HC) on EBV repli
cation, cultures were treated for 7-21 days with 1-50 
~g/ml of HC. These cultures were then tested for altered 
levels of EA and VCA production by immunofluorescence, and 
culture fluids were tested for their level of infectious 
virus. 

Virus titration 

Infectivity of P3HR-l virus was carried out by a 
standard procedure involving superinfection of Raji cells 
by serial dilutions of virus and measuring the resultant 
induction of EA by immunofluorescence 48 hours later. 
Titers of the transforming strain AG876 were determined by 
infecting human cord blood lymphocytes with serial 10-fold 
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dilutions of virus and determining the limiting dilution 
capable of causing colonies of transformed cells by 8 weeks 
(Faggioni et al., 1983). 

Detection of EBV antigens 

EBV antigen detection was carried by IF using previously 
described assays. To detect MA, two monoclonal antibodies 
kindly supplied by Dr. Pearson, Dept. of Microbiology, Univ. 
of Georgetown, Washington, D.C. were employed (Oualtiere 
et al., 1982) using AG876 cell cultures. Human sera were 
used to detect EA and VCA antigens. 

EA was induced either by treatment of cells with TPA and 
N-butyric acid (Faggioni et al., 1983) or by superinfection 
of Raji cells with P3HR-l EBV for 48 hours. 

RESULTS AND DISCUSSION 

Hydrocortisone-mediated enhancement of EBV antigens in 
P3HR-l and AG876 cells 

Hydrocortisone levels ranging from 1-50 ~g/ml were 
maintained for 7 days in P3HR-l cultures prior to testing 
these cells for the level of EBV VCA/EA antigens. 

As can be seen in Table 1, 5 ~g/m1 of hydrocortisone 
doubled the number of antigen producer cells, while 1 ~g/m1 
was somewhat less effective, and higher levels exhibited 
toxicity. This enhancement may be useful in obtaining 
higher yields of antigen expressing cells for routine EBV 
serology and suggested that higher yields of virus might 
be obtainable. Table 2 shows that when P3HR-1 and AG876 
cells were treated continuously with 5 or 10 ~g/ml of 
hydrocortisone over a period of 21 rather than 7 days at 
35°C, up to 35-40% of the P3HR-1 cells and 25-30% of the 
AG876 cells were VCA/EA positive. In contrast to the 
P3HR-1 cells, 10 ~g/m1 of hydrocortisone was not toxic 
to the AG876 cells and this level induced a four-fo1d
higher level of VCA/EA positive cells than was present in 
the control culture. 
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Table 1 

Enhancement of EBV-VCA/EA by hydrocortisone in P3HR-l cells 

Dose of hydro
cortisone 

1 ~g/ml 
5 ~g/ml 

10 ~g/ml 
50 ~g/ml 

No HC 

% cells positive 
for EBV-VCA/EA 

Average increase 
over control 

~ 20-22 9~~ 
.. 25-27 12% 
~ 20 (some toxicity) 8% 
toxic (>85% dead cells 

by 24 hours) 
.. 12 

The cells were seeded at lxl06 /ml at 35°C in the presence 
or absence of HC for 7 days and were examined for VCA. 

Yields of EBV from hydrocortisone treated cells 

Both P3HR-l and AG876 cells were grown in the presence 
of 5 or 10 ~g per ml of hydrocortisone at 35°C. After 7 
days, the cultures were fed by adding fresh medium con
taining 5 ~g/ml of HC and the cells were allowed to age 
for another 7 days prior to titering the culture fluids for 
vi ruse When P3HR-l was t i tered by its abil ity to induce EA 
in Raji cells, one or more logs of additional infectious 
virus was routinely obtained from hydrocortisone treated 
P3HR-l cells while approximately two additional logs of 
transforming AG876 virus, as determined by its ability 
to transform human cord blood lymphocyes, was regularly 
observed (data not shown). 

Enhancement of EBV-EA with hydrocortisone 

Raji cells were used to compare the ability of HC and 
TPA to affect EA induction either alone or following super
infection with P3HR-l virus. Table 3 shows that Raji cells 
were slightly stimulated (up to 2% EA positive cells) by 
hydrocortisone alone. TPA alone, at 20 ng/ml, induced 10-
12% of the cells to produce EA, and HC did not enhance the 
TPA mediated EA induction. Of greater interest was the 
observation that 5 ~g/ml He led to an approximate doubling 
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Table 2 

Effect of HC on EBV-VCA/EA in P3HR-l or AG876 cells continu
ously grown in 5 and 10 ~g/ml HC for 21 days at 35°C 

Hydrocortisone dose 
- Average 1 ncrease 

% EBV-VCA/EA(+) cells* of VCA/EA 

A. P3HR-l cells 

1 \1 g/ml >25 but less than 30 >10% 
5 ~g/ml >35 but less than 40 >20% 
No HC ;d5 

B. AG876 cells 

1 ~g/ml >12 6% 
5 ~ g/ml )20 >15% 

10 ~g/ml >25 but less than 30 ~20% 
No HC 5-7 

*Average of three experiments. The cells were changed with 
medium containing He twice during duration of experiment. 

of the EA level obtained by superinfection of Raji cells 
with P3HR-l EBV (Table 3). This effect was highly dependent 
on the concentration of HC used, with both 1 ~g/ml and 
10 ~g/ml producing only modest augmentation. The reason 
for this is not known. The mechanisms by which HC and TPA 
induced EA appear to be independent. Our data indicate 
that HC can significantly increase the ability of infec
tious virus to induce EA antigens. 

Enhancement of EBV-membrane antigens in the presence of 
hydrocortisone 

The data in Fig. 1 show that both monoclonal anti
bodies to EBV-MA detected a higher percentage of antigen 
positive cells in the presence of 10 ~g/ml of hydrocorti
sone. The optimal level of cells expressing MA occurred 
after 21 days of continuous HC treatment. Since these 
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Table 3 

Effect of HC on EBV-EA expression in Raji cells 

Average 
Treatment* ~g/ml EBV-EA Enhancement 

HC 

A. Raji 0 
1 0 
5 1% 

10 <2~~ 

B. Raji + P3HR-l/EBV 0 )45 
(48 hrs) 1 >55% 10% 

5 ,,80% 35% 
10 (50% 5% 

C. Raji + 20 ng/ml TPA 0 10-12% 
5 10-12% 0 

*Raji cells were grown at 37°C. lxl06 cells were treated 
for 7 days. Group C cultures were treated with TPA for 
2 hrs and then medium containing 5 ~g/ml He was added 
to half the cultures, and incubated for 7 days. 

monoclonals recognize different glycoproteins (Qualtiere et 
al., 1982) it can be concluded that He enhances the yield 
of both glycoproteins. 

Enhancement of transformation by EB virus with hydrocortisone 
treatment 

Human cord blood mononuclear cells at 5 x 105 cells/ml 
were PHA stimulated with 5 ~g/ml 24 hours prior to EBV in
fection. Immediately after EBV',nfection, medium containing 
5 or 10 ~g/ml of hydrocortisone was added to the cells. 
Treated and untreated cultures were incubated at 37°C and 
were periodically tested for the presence of EBNA positive 
cells and colonies of transformed cells. Treatment of these 
cultures with 10 ~g/ml HC led to a greater than 2 log 
enhancement in the efficiency of transformation by EB virus, 
as defined by the reciprocal of the limiting of virus leading 
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ENHANCEMENT OF EBV-MEMBRANE ANTIGEN IN AG-876 STRAIN 
OF EBV IN THE PRESENCE OF HYDROCORTISONE*t 
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to transformation of mononuclear cells. In addition, trans
formed colonies appeared earlier when HC was present (10-25 
days compared to 14-45 for control cultures). These results 
are similar to those obtained hy Faggioni et ale (1983) using 
MNNG and TPA, although there is no data to support the pos
sibility that the enhanced rate of transformation by EBV 
mediated by He, carcinogens (Henderson and Fronko, 1984) 
or by tllmor promotors (Mizuno et al., 1983) is mediated by 
a common mechanism. 

The data presented here clearly suggest that the inter
action of hydrocortisone with human cells producing EBV not 
only results in a higher level of antigen positive cells 
but also enhances the prodllction of infectious virus. In 
addition, HC leads to enhanced transformation of cells by 
a transforming strain of EBV. 

The development of neoplastic disease has classically 
been considered a multistep process involving a series of 
progressive changes rather than a single-step conversion 
of a normal cell to a highly malignant neoplastic cell. 
The role of activated cellular proto-oncogenes in the patho
genesis of many neoplams is well documented (Cooper, 1984). 
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In the case of Burkitt's lymphoma, in which infection of 
B cells by EBV is a crucial early step, activation of c-myc 
by nondisjucntion is also a critical event. It is well -
known that glucogenic steroids can affect a wide spectrum 
of cellular functions, some of which could be capable of 
altering or enhancing EBV mediated replication or trans
formation. Thus, development of BL and NPC may not only 
involve infection of appropriate target cells by EBV in 
an appropriate immunological milieu, but also be greatly 
influenced by other enviromental factors such as chemical 
carcinogens, tumor promotors and hormonal imbalance. 
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INTRODUCTION 

For the first time, cell lines of human megakaryocytes 
have been obtained from the circulating blood of normal 
donors and patients with various blood disorders (Morgan and 
Brodsky, 1984). The cultures consist predominantly of small 
"lymphoid" cells accompanied by giant multinucleated cells 
which spontaneously accumulate (Fig. 1, A and B). These 
giant cells have morphological properties common to well
defined megakaryocytes (Morgan and Brodsky, 1984). These 
"lymphoid" cells have no surface markers specific for lym
phocytes, monocytes or granulocytes. Most significantly, 
greater than 80% of the cells do express antigens specific 
for and/or associated with megakaryocytes and platelets 
(Table 1). 

Besides the B-lymphoblastoid cells, only the epithelial 
cells from nasopharyngeal carcinoma (NPC) have been found 
to contain EBV, suggesting a very narrow cell specificity 
(Glaser, 1983). We were interested in investigating whether 
megakaryocytes, the blood platelet precursors (Kapff and 
Jandle, 1981), contain EBV, particularly those derived from 
EBV-antibody-positive normal individuals, patients with 
immunologic abnormalities and patients with certain cancers. 
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Fig. 1: Megakaryocyte Cell Cultures after Cytocentri
fugation and Morphological Staining. 

(A) Note the predominant diploid cells surrounding 
cell with at least 16 nuclei. 

(B) Amultinucleated cell showing cytoplasmic 
spicules. 

The "lymphoid" cells are diploid megakaryocytes 
as defined by platelet-specific reagents (oil 
immersion) • 
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Table 1 

Indirect IF of Cell Lines Using Antibodies Against 
Platelet-Related Proteins 

Platelet antigens 
detected by: 

Monospecific antisera 

Fibrinogen 

Fibronectin 

B-thromboglobulin 

Factor VII I-Ag 

PF4* 

POGF* 

Gp*IIb 

GPII Ia 

Monoclonal antibody 

GpIIb-IIIa 

Membrane 
(% cells) 

<10+ 

Negative 

Negative 

<10+ 

>90+ 

>90+ 

>80+ 

>80+ 

>80+ 

Cytopl asm 
(% cells) 

Negative 

<20+ 

<10 weakly+ 

<10 weakly+ 

10-80+ 

10-20+ 

NO 

NO 

NO 

Membrane labeling was performed on cell suspensions and 
cytoplasmic reactivity was detected on fixed cells by 
standard IF techniques. Positive control cells were 
normal blood mononuclear preparations containing platelets 
and negative control cells were from a pre-B lymphoblastic 
cell 1 i ne. 

*PF4 = platelet factor 4; 
POGF = platelet-derived growth factor; 
Gp = platelet membrane glycoprotein. 
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MATERIALS AND METHODS 

Culture initiation 
Peripheral blood cells were separated by density 

gradient centrifugation. The light density cell fraction 
was washed and resuspended in RPMI (Roswell Park Memorial 
Institute) nutrient medium containing 10% (v/v) human serum 
(complete medium). Suspension cultures were initiated by 
placing cells into culture flasks at a final concentration 
of 1 x 107 per 10 m1 of complete medium supplemented with 10% 
(v/v) of a 5-fo1d concentrated human-conditioned medium 
(HCM) obtained from 1ectin-sti~u1ated lymphocytes. Control 
cultures contained no HCM. Culture flasks were incubated at 
370C in 5% CO 2 and a humidified atmosphere. At weekly inter
vals, cells were examined closely for any cells in mitosis. 

Cell line maintenance 
All cell lines emerged between 35-45 days after culture 

initiation. Any culture which appeared to be a potential cell 
line by the appearance of proliferating cells with basophilic 
cytoplasm was allowed to continue growing until sufficient 
cells density could be achieved (Morgan and Brodsky, 1984). 
Cells were then pe11eted and resuspended in fresh complete 
medium at a final concentration of 5 x 105 per m1. Cells were 
sampled every three days for viab1ity and for morphological 
evaluation. Repeated subculturing has maintained these cells 
lines for over a year and 100 passages. 

EBV-re1ated studies 
The cells were tested for EBV (i .e., EBNA and other a 

antigens and virus) according to previously published methods. 
Cells were also tested for early EA induction and rescue of 
transforming EBV. 

RESULTS AND DISCUSSION 

Of all the 7 megakaryocyte cell lines tested for EBV or 
antigen expression, only MOR cells exhibited EBNA (Table 2). 
In various passages of MOR cells examined for EBNA, >70% 
were positive, but did not contain EBV-VCA/EA. Table 2 shows 
that MOR megakaryocytes was from a normal individual who had 
detectable EA antibody which later disappeared, suggesting 
that at the time cell line was established, there was a 
primary EBV infection. The infectivity of megakaryocytes thus 
could be related to the period during which this individual 
had been shedding EBV. 
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Table 2 

Human Megakaryocyte Cell Lines ind EBV Status 
(Antigen/Antibody) 

Identification Patient's EBV 
(passage no.) 2 Patient abnormality VCA EA 

SAL (31) Acute lymphocytic 1:40 <1:10 
1 eukemi a 

EVA (9) Autoimmune 
neutropenia 1:80 <1:10 

MOR (11, 14, 16 ) 3 Normal a<1:160 1:10 
b-1 :80 <1:10 

CAT (5) Normal ND 

WAT* (2) Normal ND 

OGR (13 ) Polycythemia vera 1:40 <1:10 

PEN (2) Acute megakaryo-
bastic leukemia ND 

serology 
EBNA 

ND 

ND 

1:10 
1:10 

ND 

IThe cells were f1rst carr1ed 1n medium 1640 containing 10% 
human serum and later these cells were carried in NU 
serum (10%) and FCS (5%). In the mixture of NU and FCS 
the viability of the cells remained >80%. The cells were 
changed twice a week and subpassaged as desired. 

a, b = Different serum bleedings. 

2&3 Cell lines were examined for EBV-nuclear antigen (EBNA), 
VCA and EA expressing cells. Only MOR cells expressed >70% 
EBNA positive cells and no other antigens positive cells 
were observed in MOR or other megakaryocyte cell lines. 
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MOR cells were superinfectable with nontransforming 
P3HR1-EBV. However, in comparison to superinfection of 
Raji (>45%), the percentage of EA detected was approximately 
50% less (>20%). Only 2% of other megakaryocyte cells, 
i.e., OGR,-demonstrated EA at one time. In MOR cells, EA 
could not be induced with TPA, since these cells were highly 
sensitive to TPA «5 ng/ml killed >97% of the cells). We 
did not use other chemicals that have been known to induce 
EA in EBV-genome-positive B lymphocytes. Secondly, trans
formi ng EBV coul d be rescued from ~10R cells by superi nfected 
cells, suggesting similarities to what has been observed 
with EBV-genome-positive B lymphocytes. The transformed 
cord blood lymphocytes did not express EBV-VCA/EA, but did 
contain EBNA-positive cells in approximately 20% of the cells 
by 14th day. The other megakaryocytes lines were not tested 
for rescue of transforming EBV. 

The mechani sm by \'Ihi ch megakaryocytes harbor EBV is yet 
to be explored. It is probable that these cells may contain 
receptors for EBV and that the EBV genome may be transferred 
to these cells through a temporary fusion between EBV-carrying 
B cells and the megakaryocytes. Besides epithelial cells, 
megakaryocytes can be added to the list of cells that contain 
EBV or can be infected with EBV. The function and/or behavior 
of EBV in megakaryocytes is not known. 
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ADVANCES IN THE IDENTIFICATION OF EBV-SPECIFIC PROTEINS:AN 
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Epstein-Barr virus (EBV) induced antigens can readily 
be detected in EBV-infected or transformed cells using a 
variety of immunological techniques. Monitoring of the 
immune responses to these different antigen has been in
strumental in establishing an etiological association 
between EBV and different neoplastic diseases (Pearson, 
1980). In addition, such antibodies have been shown to 
be of diagnostic and prognostic importance for certain 
histopathological types of nasopharyngeal carcinoma (NPC) 
and African Burkitt1s lymphoma. Thus these types of in
vestigations over the past 20 years have served a useful 
purpose in studies on EBV and cancer. It is known, how
ever, that most, if not all, of the EBV antigens are com
plexes composed of multiple determinants. Until recently 
little was known about the identity of the various proteins 
that composed these antigens or their functions. However, 
largely due to the development of monoclonal antibody 
technology, there has been good progress over the past 
few years in dissecting out the major components of the 
different EBV antigens complexes. Many of the components 
have been identified, characterized and purified. This 
has made it possible to initiate studies on the biological 
functions associated with each polypeptide. In addition 
new immunological assays have been developed using the 
purified proteins. Such assays for monitoring antibodies 
directed against specific antigenic determinants might be 
more discriminating between individuals with as opposed 
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to those without EBV-associated diseases than than the 
current assays and therefore of greater clinical value for 
the diagnosis and clinical management of individuals with 
EBV-associated diseases. This is yet to be determined. 

As noted above, the production of monoclonal antibodies 
to individual proteins has been instrumental in the pro
gress in identifying and categorizing these proteins over 
the past several years. Criteria for selecting or cate
loging a protein into an individual antigenic complex are 
shown in Table 1. Most of the recent progress has been 
with the EBV-induced membrane antigen (MA) complex and 
the EBV-induced nuclear antigen (EBNA). This is largely 
because of the interest in developing a subviral vaccine 
against this virus and becau~e of the probable involvement 
of EBNA in the immortalization process. However, some of 
the major components of the other EBV-induced antigen 
c~nplexes have also now been identified conclusively. 
These are listed in Table 2. The purpose of this article 
is to review the recent advances in tne identification 
and characterization of these proteins. 

EBV-induced membrane antigens (MA). 

Interest in the development of a subviral vaccine has 
focused on the MA complex. This is due to the fact that 
viral neutralizing determinants were originally shown to 
be associated with MA (Pearson et al., 1970,1971). Through 
the employment of biochemical and immunological approaches, 
three major EBV-induced glycoproteins have been identified 
which compose this complex (Pearson, 1980). These have 
recently been designated gp 300/350, gp 200/250 and gp 85/ 
90 to take into account the molecular weight variations 
for each of these glycoprotei ns as reported by di fferent 
laboratories (Thorley-Lawson et al., 1982). Generally 
cells will express gp 300/350-or-gp 200/250 but not both. 
Through the use of monoclonal antibodies, it has been 
shown that gp 300/350 and gp 200/250 are closely related 
and that the differences in the molecular weight of this 
major glycoprotein in different cell lines is probably 
due to glycosylation and splicing patterns. Neutralizing 
determinants have been shown to be express on all three 
glycoproteins (Hoffman et al., 1980; Thorley-Lawson and 
Gerlinger, 1980; Strnad-et-al., 1982; Qualtiere et al., 
1982a). In contrast, the determinants involved lnanti
body-dependent cellular cytotoxicity (ADCC) are expressed 
on gp 300/350 and gp 200/250 but not on gp 85/90 
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(Qua1tiere et a1., 1982a). Interestingly, monoclonal 
antibodies to MA have been produced which recognize a 
membrane determinant on cells producing transforming EBV 
but not lytic virus (Mue11er-Lantzsch et a1., 1981; 
Qua 1 t i ere et a 1., 1982b). Whether thisdetermi nant 
might be related to transformation still needs to be 
determined. 

The membrane glycoprotein that has attracted the most 
interest for purposes of developing a subunit vaccine is 
gp 300/350. This is because of the abundance of this 
protein in cells infected with EBV and because of the 
availability of a variety of monoclonal antibodies pro
duced against different determinants expressed on this 
molecule. This glycoprotein has now been purified and 
partially characterized (Qualtiere et al., 1982a). More 
than 50% of this component is composed-of a complex car
bohydrate rich in fucose plus some mannose (Thorley-Lawson 
et al., 1982). The protein component of gp 300/350 has 
been-estimated to have a molecular weight of approximately 
160 K (Thorley-Lawson et ~. 1982). 

This major EBV glycoproteins has been biologically 
characterized. As previously noted, neutralizing and 
cytotoxic antibody determinants have been identified on 
gp 300/350. This was accomplished through the use of 
monoclonal antibodies and immunization experiments 
(Hoffman et al., 1980; Thorley-Lawson and Gerlinger, 
1980; QuaTtiere et al. 1982a). Epstein and co-workers 
have reported that the neutral i zi ng determi nants are 
expressed on the protein portion of this glycoprotein 
(Morgan et al., 1981). If true, it might be feasible to 
produce alvaccine containing only the protein component 
through genetic engineering technique. This would in
crease the liklihood for success in the production of a 
vaccine suitable for immunizing large populations. 
Because of the importance of this observation, this 
question requires further examination. 

Of greater importance has been the observation that 
immunization of non-human primates with this glycoprotein 
has resulted in the production of high levels of neutra
lizing and cytotoxic antibodies (Qua1tiere et al., 1982a; 
North et a1. 1982). This has been accomplTShed in owl 
monkeyS-and cottontop marmosets. Immunized owl monkeys 
were shown to be resistant to challenge with the B-35 
strain of EBV as shown by the induction of antibodies to 
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the EBV-induced early antigens (EA) (G. Pearson, unpub
lished results). Cottontop marmosets imnunized with gp 
300/350 in lipsosomes vessicles were resistant to lym
phoma induction by B-95 virus (Epstein, personal communi
cation). These results demonstrate that is possible to 
prevent the induction of EBV-associated diseases by 
immunization with this glycoprotein. As discussed above, 
whether it will be possible to produce a suitable vaccine 
for human use still needs to be resolved. However, it is 
likely that this will eventually be possible using more 
modern techniques. Success in the prevention of a human 
cancer through the use of a subviral vaccine would be a 
milestone in cancer research. 

EBV-induced nuclear antigens (EBNA) 

EBNA was first demonstrated using the anti-complement 
immunofluorescense procedure by Reedman and Klein in 1973. 
Subsequent studies established that EBNA, which is expres
sed in the nucleus of every cell that contains viral DNA, 
was identical to the previously described soluble or 's' 
antigen detected by complement fixation (Pearson, 1980). 
Because of its presence in genome-positive cells, this 
antigen complex is considered as a major candidate viral 
protein involved in the transformation process. Conse
quently, there have been numerous attempts to purify and 
characterize this antigen. Based on results from early 
investigations on this antigen, the molecular weight of 
EBNA ranged from 48k to greater than 200k. However, more 
recently, using the technique of immunoblotting, it was 
established by Strnad et al (1981) that the major compon
ent of EBNA was a polypeptide with a molecular weight ran
ging from 72k-80k depending on the resident genome. 
This has now been confirmed by many laboratories. Kieff 
and coworkers have cloned the fragment of viral DNA which 
encodes for EBNA and have reported that the 72k component 
of EBNA was encoded by the Bam HI k fragment of EBV DNA 
which contains the IR3 repeat sequence (Hennessy et al., 
1983). This region is of different size in differenr-cell 
lines and encodes for a glycine-alanine co-polymer corre
sponding to a molecular weight between 20-30k (Hennessy 
and Kieff, 1983). A rabbit antiserum prepared against 
this polypeptide detected the 72-80k polypeptide by im
munoblotting. More recently, it was shown that a mono
clonal antibody to EHNA also reacted with the glycine
alanine copolymer (Luka et al., in press). In addition 
to the 72k polypeptide, a-second polypeptide with a mole-
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cular weight of approximately 82k and designated EBNA 2 
has also been identified with some but not all anti-EBNA 
positive sera by immunoblotting (Hennessy and Kieff, 
1983) • 

Differences in the EBNA proteins have also been iden
tified by binding properties to chromatin and ds DNA and by 
isoelectric focusing. Spelsberg et al (1982) identified a 
loosely bound EBNA component designated Class I EBNA and a 
component tightly bound to chromatin designated CLASS II 
EBNA. EBNA I bound to ds DNA and had an acidic pl. In 
contrast, partially purified EBNA II did not bind to ds DNA 
and had a more basic pl. Both forms of EBNA gave identical 
molecular weights (72k) and identical fragments by peptide 
mapping. These results suggested that the soluble form of 
EBNA possibly represented a modified form of the chromatin
associated EBNA component. The nature of the postulated 
modification still needs to be defined. It is clear there
fore from these findings that substantial progress has been 
made over the past few years in identifying and characteri
zing proteins associated with the EBNA complex. Future 
studies will most likely concentrate on defining the bio
logical activities associated with the EBNA proteins. 

EBV-induced early (EA) and viral capsid antigens (VCA) 

There has been less progress in definitively identi
fying the polypeptides composing the EA and VCA complexes. 
This is largely due to the lack of monospecific reagents 
directed against these proteins. Most of the investiga
tions on these complexes, until recently, employed human 
sera from EBV infected individuals. Proteins were defined 
as early or late antigens based on whether they were preci
pitated from cells cultivated in the presence of inhibitors 
of viral DNA synthesis. This has resulted in the identifi
cation of several proteins with molecular weights ranging 
from 28k to over 200k (Pearson, 1980) which have been 
catalogued as early or late proteins. However, none of 
these studies definitively identified proteins composing 
the VCA complex as defined by IF or proteins associated 
with the diffuse and restricted components of the EA com
plex. More recently this question has been approached 
through the use of monoclonal reagents. Monoclonal anti
bodies were categorized as EA or VCA proteins as defined 
in Table I. EA proteins were further grouped as R or D 
based on their expression in cells fixed in acetone or 
methanol. This approach has resulted in the production of 
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a number of monoclonal antibodies directed against proteins 
associated with these dntigenic complexes. Such antibodies 
have also been used to purify and partially characterize 
these proteins and for the development of new assays 
capable of measuring human antibodies to individual poly
peptides. 

Major polypeptides composing the VCA complex have 
molecular weights of 125k, 152k and 160k. Monoclonal anti
bodies have now been produced against the 125k and 160k 
polypeptides (Takedo et al., 1983; Kishishita et ale 1984; 
Vroman et al., in press)-.- The 125k protein haS-been shown 
to be presence in extracts of purified nucleocapsids as 
well as in virusproducing cell lines (Takado et al.,1983). 
In infected cells, the protein can be detectedlboth in the 
nucleus and cytoplasm by IF. Interestingly, labelling 
experiments demonstrated that this 125k VCA component was 
a glycoprotein and the carbohydrate moiety was shown to be 
complex and rich in mannose (Kishishita et al., 1984). One 
ottler interesting observation from two different laborato
ries was that this glycoprotein was consistently larger in 
P3HRI cells as opposed to B-95-8 cells (Takado et al, 1983; 
Kishishita et al., 1984). This appears to be related to 
the glycosyTatTOn process in the different host cells. An 
ELISA assay has been developed for measuring antibodies to 
the 125k component (Luka et al., 1984). The results sug
gest that this glycoproteln 15 a major immunogen following 
a primary infection with EBV. 

The second VCA protein definitively identified with 
monoclonal antibodies has a molecular weight of 160k 
(Vroman et al., in press). This is the molecular weight 
of the major-polypeptide previously demonstrated in EBV 
nucleocapsids by Dolyniuk et ale (1976). The 160k protein 
is non-glycosylated and expressed primarily in the nuclei 
of infected cells. By immuno-electron microscopy, the 
monoclonal antibody directed against the l60k protein was 
shown to label virus particles as well as soluble protein 
in the nucleus. In the ELISA assay, most human sera from 
EBV-infected individuals reacted with this protein with 
some exceptions. These exceptions were largely sera from 
1M patients suggesting that this protein is not recognized 
immunologically as early as the l25k protein following 
primary EBV infections. 
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The major proteins associated with the diffuse and 
restricted components of the EA complex have molecular 
weights of 47-60k, 85k and 140k. Monoclonal antibodies 
have now been produced against the 47-60k complex and the 
85k protein (Pearson et a1., 1983). These antibodies have 
been used to partiallY-characterize these antigens. By IF 
staining on cells fixed in acetone or methanol, it was 
established that the 47-60k complex is part of the diffuse 
component of the EA complex while the 85k protein is the 
major component of the restricted element. An in vitro 
primary translation product with a molecular weT9h~ 
approximately 47k was identified with the anti-D mono
clonal and was mapped to the Bam HI M fragment. However, 
Glaser and coworkers (1983) using micro-injection of DNA 
fragments into cells mapped this EA-D protein complex to 
the Charon 4A fragment 7. The reasons for these discrepant 
findings on the gene location for this antigen have yet to 
determined although this is likely due to the use of dif
ferent techniques for examining expression of EBV DNA 
fragments. In addition to the EA-D mapping studies repor
ted by Glaser et al, this group also mapped the 85K EA-R 
component to the Bam HIH fragment using the same approach. 

The major components of the 47-60k EA complex have mo1-
cular weights of 50/52K. However, the molecular weights 
of these components shift with time in the infection cycle 
upward to 60k. This shift upwards has been demonstrated 
both in activated Raji and P3HR-1 cells (Figure 1). Preli
minary findings suggest that this shift is at least par
tially related to phosphorylation as shown in Figure 2. In 
addition it has been shown that this complex binds to ds 
DNA. Less is known about the 85k EA-R protein although it 
does not appear to bind to ds-DNA. Preliminary results 
indicated that this protein might be po1yribosylated. This 
however, needs to be substantiated. Further studies 
including determination of the biological activities asso
ciated with these proteins are currently ongoing. 

During the development of ELISA assays with the puri
fied EA proteins, it was discovered that the 85k protein 
did not work well in this assay with human sera. Similarly 
it was not possible to routinely detect this protein by 
immunoblotting using human sera. Further investigations 
have established that the reason for these findings was due 
to the fact that antibodies in human sera are largely 
directed against determinants on the tertiary and not on 
the primary structure of this protein. This fact would 
account for the ELISA and immunoblotting observations. 
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Conclusions 

It is evident that substantial progress has been made 
over the past several years in the identification of 
proteins associated with the different EBV antigen com
plexes. However more work is needed on this area. This 
includes the need to identify other proteins associated 
with these complexes and the assignment of biological 
activity to each protein component. It is likely that 
there will be continued progress in this area over the 
next few years. Completion of such studies should allow 
us to establish the role of each protein in the virus 
infection and transformation cycle and will possibly open 
up to new avenues of treatment for EBV-associated diseases. 
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TABLE 2 

EBV POLYPEPTIDES COMPOSING THE MAJOR IMMUNOFLUORESCENCE 
ANTIGEN COMPLEXES 

Antigen 

VCA 

EA(D) 

EA(R) 

MA 

EBNA 

* Confirmed with monoclonal antibodies 

Polypeptide 

l60k* 
l52k 
l25k* 

l40k 
47-60k* 

85k* 

gp 300/350* 
gp 200/250 
gp 90* 

8lk 
72k* 
70k 
65k 
48k 
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Figure 1. Expression of the major EA(D) polypeptide 
complex in TPA and sodium butyrate activated 
Raji and P3HR-1 cells as shown by immunopre
cipitation at different times after activation. 
R3 designates monoclonal antibody reactive 
with polypeptides ranging from 47K to 60K that 
compose the major EA(D) complex; (-), antibody
negat i ve serum. 
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Figure 2. Immunoprecipitation of 32P-labelled proteins 
at different times from TPA and sodium butyrate 
activated P3HR-l cells with human sera and mono
clonal antibodies. NPC designates pooled human 
antibody-positive serum; R3 is monoclonal anti
body to 47-60k polypeptide complex associated 
with EA(D); K8 is monoclonal antibody to 85k 
component of EA(R) complex; L2 is monoclonal 
antibody to l25k VCA protein; neg. is antibody
negative ascites fluid. Note strong labelling 
of polypeptides precipitated at different times 
by R3 monoclonal antibody. 
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SUMMARY 

We have synthesized the carboxy-terminal one third of 
the EBNA protein as a fusion polypeptide in bacteria. 
When inoculated into rabbits the purified 28K EBNA 
polypeptide elicited antibodies which gave the same 
immunofluorescence staining patterns on lymphoblastoid 
cell lines as EBNA-positive human serum. The 28K EBNA 
polypeptide bound tightly to double-stranded DNA 
suggesting that the carboxy-terminal portion of EBNA is a 
DNA binding domain. The bacterially synthesized EBNA 
polypeptide was also employed in an enzyme-linked 
immunosorbent assay (ELISA). The pattern of anti-EBNA 
antibody titers measured by the ELISA method in sera from 
normal individuals and from patients with rheumatoid 
arthritis, Burkitt lymphoma, nasopharyngeal carcinoma and 
acute infectious mononucleosis was comparable to that 
observed in previous serological studies which had 
employed the classical anti-complement immunofluorescence 
assay (ACIF). However, in contrast to the ACIF assay, the 
more sensitive ELISA method was able to detect anti-EBNA 
antibody in acute infectious mononucleosis serum. 
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INTRODUCTION 

The Epstein-Barr Virus (EBV) nuclear antigen (EBNA) is 
expressed in producer and non-producer lymphoblastoid cell 
lines and in biopsy cells from Burkitt lymphoma and 
nasopharyngeal carcinomas (Reedman et al., 1974; Huang et 
al., 1974; Klein et al., 1974). The coding region for 
EBNA has been mapped to the BamHI-K fragment of the EBV 
genome by DNA transfection experiments (Summers et al., 
1982). Subsequent analyses revealed that BamHI-K contains 
a 2.0 kb EBNA exon and that 700 bp of this exon is 
composed of a triplet repeat sequence which is translated 
in the EBNA polypeptide as a stretch of alternating 
glycine and alanine residues. The size of the triplet 
repeat array varies from EBV isolate to isolate and, as a 
consequence, the EBNA polypeptide also shows size 
variation between isolates (Heller et al., 1982; Hennessy 
et al., 1983; Hennessy and Kieff, 1983). 

Progress in characterizing the EBNA polypeptide and 
elucidating its functions in EBV immortalization has been 
hampered by the low abundance of the protein in 
lymphoblastoid cells and by the lack of mono-specific 
antibodies. EBNA is traditionally detected using EBV 
sero-positive human serum in an anti-complement 
immunofluorescence assay (ACIF) (Reedman and Klein, 
1973). Conversely, EBV carrying lymphoblastoid cells and 
ACIF constitute the assay for measurement of anti-EBNA 
antibody titers in human serum. We have taken advantage 
of the availability of the complete EBV DNA sequence (Baer 
et al., 1984) and the identification of the reading frame 
within the BamHI-K EBNA exon (Hennessy and Kieff, 1983) to 
construct a high expression plasmid which synthesizes a 
segment of the EBNA protein in bacteria. This partial 
EBNA polypeptide was used to generate monospecific 
anti-EBNA anti-serum in rabbits and as the basis of an 
ELISA method for quantitating EBNA antibody in human serum. 

MATERIALS AND METHODS 

ELISA for Anti-EBNA Antibody 

Microtiter plates adsorbed with the purified 28K EBNA 
polypeptide (40 ng/well) were incubated with dilutions of 
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patient serum and binding was detected using peroxidase
tagged goat anti-human IgG. The concentration of anti
EBNA IgG in serum was determined by reference to an IgG 
standard curve. 

Serum Samples 

Acute infectious mononucleosis serum was provided by 
Werner Henle, The Children's Hospital, Philadelphia. All 
samples were anti-IgM-VCA positive. Paul Levine (National 
Cancer Institute, Bethesda) provided Burkitt lymphoma and 
nasopharyngeal carcinoma serum. Marc Hoffberg (The Johns 
Hopkins University, Baltimore) provided samples from 
rheumatoid arthritis patients. Serum from normal 
individuals was provided by David Levy (Johns Hopkins 
University, Baltimore). The normal group consisted of 
volunteers ranging in age from early 20's to late 30's. 

RESULTS 

Synthesis of the EBNA Polypeptide in Bacteria 

The 2.2 kb SmaI subfragment of BamHI-K indicated in 
Fig. 1 was inserted in both the sense and anti-sense 
orientations into a unique SmaI site in an expression 
vector pHE6. The plasmid pHE6 is a derivative of pGMIO 
(Waldman et al., 1983) and contains the strong 
bacteriophage lambda leftward and rightward promoters 
controlled by the lambda temperature sensitive repressor 
gene CI857. Polypeptides coded by foreign inserted DNA 
are synthesized as fusion products of the lambda N-protein. 
The 2.2 kb SmaI fragment inserted into pHE6 in the correct 
reading frame directs the synthesis of the carboxy-terminal 
191 amino-acids of the BamHI-K EBNA protein linked to 36 
amino acids coded by the lambda N gene and linker 
sequences. A Coomassie stained polyacrylamide gel of a 
lysate of induced bacteria (Fig. 2A, Track 1) shows a 
heavily stained band migrating at 28K. This band was not 
present in lysates of bacteria containing the vector with 
the EBNA insert in the antisense direction. Immunoblot 
analysis with EBNA positive human serum identified the 
over-produced protein as being the EBNA fusion polypeptide. 
We estimate that the EBNA product represented 8% of the 
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soluble bacterial protein after induction. 

Passage of bacterial lysates over a phosphocellulose 
column resulted in removal of the bulk of the bacterial 
proteins, which did not bind and were present in the 
flowthrough fractions (Fig. 2A, Track 2). The 28K EBNA 
protein was eluted by high salt (Fig. 2A, Track 3). 
Purification to the point of homogeneity was achieved 
using hydroxylapatite chromatography (Fig. 2A, Track 4). 
The purified 28K EBNA was subsequently used for 
monospecific antibody production and for the ELISA method. 

Binding of the EBNA Fragment to DNA 

The bacterially synthesized 28K EBNA fragment binds to 
double stranded DNA. Fig. 2B illustrates the results 
obtained when a mixture of supercoiled, nicked circular 
and linear pHE6 plasmid DNA was electrophoresed through 
agarose after incubation with varying quantities of the 
EBNA polypeptide. The migration of each of the DNA forms 
through the gel was significantly slowed by the addition 
of the EBNA protein and the degree of retardation 
increased with the addition of increasing amounts of EBNA. 
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F~: Schematic representation of the BamHI-K fragment 
showing the relative locations of the triplet repeat array, 
the 2.0 kb EBNA ex on and the 2.2 kb SmaI subfragment which 
was inserted into the pHE6 expression plasmid. 
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Fig. 2A: Coomassie stained polyacrylamide gel showing 
purification of the truncated EBNA protein from a 
bacterial lysate. Track 1: Crude extract. Track 2: Flow 
through fraction from a phosphocellulose column. Track 3: 
High salt eluate from phosphocellulose. Track 4: High 
salt eluate from hydroxylapatite. The 28K EBNA protein 
band is indicated by an arrow. 
Fig. 2B: Ethidium bromide stained agarose gel showing 
migration of pHE6 DNA after incubation with 0,2,4 and 
6 ug of purified 28K EBNA (Tracks 1,2,3 & 4 respectively). 

Reactivity of Rabbit Antiserum Raised Against the 
Purified EBNA Fusion Polypeptide 

Rabbits inoculated with the purified 28K EBNA 
developed antibodies which reacted by ACIF with EBV
carrying lymphoblastoid cell lines (Fig. 3) but not with 
the genome negative BJAB cell line. The pattern of stain
ing was identical to that obtained by ACIF with EBNA
positive human serum. 
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Fig. 3: Methanol fixed P3HR-l lymphocytes stained using 
rabbit serum and ACIF. 

In immunoblot analyses the rabbit serum recognized the 
same EBNA protein bands as did EBNA-positive human serum; 
an 84K protein in extracts of P3HR-l lymphocytes and a 76K 
protein in extracts of Raji cells. 

ELISA Screening of Human Sera 

We have used the purified EBNA polypeptide and an 
ELISA procedure to screen serum from normal adults and 
patients with infectious mononucleosis, rheumatoid 
arthritis, Burkitt lymphoma and nasopharyngeal carcinoma 
(Table 1). All normal individuals who were EBV sero
positive had detectable levels of anti-EBNA antibody. The 
titers of the rheumatoid arthritis and Burkitt lymphoma 
patients spanned the same range as those of the normals 
but the mean titers of these patients were somewhat 
elevated relative to the normal group (270 and 372 ~g/ml 
vs. 135 ~g/ml anti-EBNA IgG). The 10 nasopharyngeal 
carcinoma sera all showed elevated EBNA titers. The mean 
titer was 976 ~g/ml and 80% of the samples had greater 
than 250 ~g/ml anti-EBNA IgG, in contrast to the normal 
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group where only 8% of the samples fell into this 
category. The anti-EBNA titers determined by the ELISA 
method reflect the same generalized patterns that have 
been described in previous studies for these different 
disease states (Henle and Henle, 1979). However, the 
greater sensitivity of the ELISA assay becomes apparent on 
examination of the acute infectious mononucleosis 
samples. All 19 sera were EBNA negative in the classical 
ACIF assay but 15 of the 19 samples had demonstrable 
anti-EBNA antibody titers by ELISA. The acute sera had 
very low anti-EBNA titers, the mean titer being 4 ~g/ml 
compared to 135 ~g/ml for the normal group. 

DISCUSSION 

Characterization of EBV-encoded proteins has, in 
general, proven difficult due to the low levels of viral 
expression in EBV-immortalized lymphoblastoid cell lines. 
One approach which circumvents this problem is to 
synthesize specific proteins in bacteria using expression 
plasmids. We have constructed an efficient expression 
vector, pHE6, and have used pHE6 containing a SmaI sub
fragment of BamHI-K to obtain gram quantities of 28K EBNA. 
The truncated EBNA polypeptide exhibited DNA binding 
activity, suggesting that the carboxy-terminal portion of 
EBNA is a DNA-binding domain. The binding observed was 
non-specific in that the assay used plasmid DNA lacking 
EBV sequences. Detection of specific binding may require 
more sophisticated assays. 

Both the range of the anti-EBNA titers and the mean 
titers measured by ELISA in the different patient groups 
were consistent with results obtained previously by ACIF. 
Such a concordance validates the use of the bacterial 28K 
EBNA protein for ELISA. Differences between the ELISA 
results and those obtained by ACIF may be due, in part, to 
the increased sensitivity of the ELISA method. Infectious 
mononucleosis patients are usually EBNA negative by ACIF 
until the convalescent phase of their illness. However, 
the ELISA method detected anti-EBNA antibody in 15 of 19 
acute infectious mononucleosis samples. A further measure 
of the sensitivity of the assay is the observation that 
high-titer samples which fall into the 1:320 to 1:640 
range in the ACIF assay were diluted between 1:50,000 and 
1:200,000 for ELISA. 



434 

In summary, we have shown that an ELISA method using a 
bacterially synthesized fragment of EBNA as the antigen 
provides a specific and sensitive assay, suitable for 
rapid screening of multiple serum samples for anti-EBNA 
antibody. The ELISA method offers a viable alternative to 
the ACIF assay for EBNA and extension of these methods to 
include EBV early (EA) and late (VCA) antigens is in 
progress. 
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Epstein-Barr virus nuclear antigen (EBNA): antigenicity of 
the molecule encoded by the BamHI K fragment of the EBV 
genome 

Summary 

M.J. Allday and A.J. MacGillivray 

Biochemistry Laboratory, 
School of Biological SCiences, 
Fa1mer, Brighton BN1 9QG, U.K. 

The major antigenic component of the Epstein-Barr virus 
nuclear antigen complex (EBNA) is a highly polymorphic (69-
94K mo1.wt.) polypeptide. Its molecular weight correlates 
with the size of the large Hind III sub fragment of the 
BamHI K fragment of the EBV genome which contains the third 
internal repeat region, IR3. 

The region of the molecule encoded by IR3, plus a small 
number of flanking residues, forms a large peptide fragment 
which the amino acid sequence predicts is trypsin resistant. 
Immunob1otting of trypsin digested, partially purified, 
BamHI K encoded EBNA (BK EBNA) from various cell lines 
demonstrates that this region is antigenic and shows it 
must be an immunogenic determinant in the native molecule. 
It also confirms that it is responsible for the size poly
morphism. Immunob1otting other peptide fragments with a 
variety of sera show that different anti-EBNA antisera 
contain antibodies to different epitopes on BK EBNA. The 
possibility that anti-RANA (Rheumatoid Arthritis Associated 
Nuclear Antigen) might represent a specific component of 
anti-EBNA antisera is considered. 

Introduction 
In recent years it has become apparent that EBNA, as 

demonstrated by anticomplement immunofluorescence, ACIF 
(Reedman and Klein, 1973), using po1yspecific human anti
sera, is not a single entity but rather a complex of at 
least two and possibly more antigenic components. The major 
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component has been identified as a polypeptide encoded by 
the large Hind III subfragment of the BamH1 K fragment of 
the EBV genome (Hennessy and Kieff, 1983). This polypeptide 
is subject to a size polymorphism which correlates with the 
length of the triplet nucleotide repeat array, IR3, in 
different EBV-carrying cell lines (Hennessy et al., 1983). 
The region encoded by IR3 in the marmoset lymphoblastoid 
line B95-8 is a glycine-alanine copolymer (Hennessy and 
Kieff, 1983). 

In addition to this polymorphic BamH1 K encoded EBNA 
(BK EBNA) two other EBV-associated nuclear antigens have 
been described. Grogan et al. (1983) have shown that an 
antigen which locates in the nucleus is encoded by the BamH1 
M fragment. The molecular weight of this molecule has not 
been reported. Hennessy and Kieff (1983) describe a non
polymorphic 82K polypeptide (they term EBNA 2) which is 
serologically distinct from BK EBNA (which they term EBNA 1). 

There is also a second antigen-antibody system which, 
although it is also associated with the nucleus of EBV
carrying lymphocytes, was originally described as being 
distinct from EBNA-anti-EBNA. This is RANA-anti-RANA 
(Rheumatoid Arthritis Associated Nuclear Antigen) (for a 
review see Zvaifler and Depper, 1982). Recently Billings et 
al. (1983) showed that antibodies to BK EBNA and RAN A 
identify the same polypeptide on immunoblots. However, this 
does not preclude the possibility that the distinction 
between anti-RANA and anti-EBNA is real. It may be that the 
antibodies recognise different epitopes on the EBNA molecule. 
Because of the autoimmune nature of Rheumatoid Arthritis 
(RA) we have focused our attention on the peptide sequence 
encoded by IR3 as a potential anti-RANA epitope. This is 
because DNA hybridization studies have shown that IR3 is 
related to DNA sequences found on human and mouse chromo
somes (Heller et al., 1982), the peptide is antigenic 
(Hennessy and Kieff, 1983) and antibodies raised against it 
appear to cross-react with cellular antigens (Dillner et al., 
1984). 
Materials and Methods 
Cells 

All cells were grown in continuous suspension culture 
in RPM1 1640 supplemented with 10% foetal calf serum. 
Partial purification and concentration of BK-EBNA 

Nuclear peliets were produced from MST cells (B95-8 
transformed lymphocytes, deKretser et al., 1983). using the 
method described by Snary and Crumpton (1974) and stored at 
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-70°C until required. BK EBNA was extracted from the 
nuclei in essentially the same manner used to prepare class 
I EBNA (Sculley et al., 1983). The clarified extract was 
rapidly heated to 70°C in a preheated glass vessel and 
shaken vigorously for 10 minutes, then cooled on ice. The 
precipitate formed was pelleted by centrifugation at 
10,000g for 20 minutes at 4°C. The supernatant was mixed 
with at least two volumes of ethanol and allowed to preci
pitate overnight at -20°C. This precipitate was pelleted by 
centrifuging at 10,000g for 30 minutes at 4°C and resuspen
ded in 1/10 its original volume of extraction buffer. It 
was then stored in small aliquots at -70°C until use. 
Trypsin digestion of EBNA 

100~1 aliquots of the partially purified and concentra
ted EBNA extract were incubated for various periods with 
10~1 of 0.25% (w/v) trypsin at 37°C. The reaction was 
terminated by mixing with 100~1 of SDS buffer, boiling for 
3 minutes and immediate separation by SDS PAGE. 
SDS gel electrophoresis and Immunoblotting 

Separation on SDS-IO and 15% polyacrylamide gels was 
performed according to the procedure of Laemmli (1970). 
Proteins were electrotransferred (overnight) to a nitro
cellulose filter (Schleicher and Schull) as described by 
Burnette (1981). The nitrocellulose filter was washed for 
10 minutes in PBS (pH 7.2) and then incubated for 1 hr at 
40°C in PBS containing 3% w/v bovine serum albumin, BSA 
(Fraction V, Sigma). This was followed by 1-2 hr incubation 
at room temperature with first antibody in PBS containing 
3% BSA (human serum, 1/100 or immunoaffinity purified anti
IR3 antibodies, 1/10). 

After three 10 minute washes in PBS the blots were 
incubated with second antibody diluted 1/1000 in PBS 
containing 3% BSA for 30 minutes (anti-human IgG, y-chain 
specific, peroxidase conjugate, Sigma). Blots were then 
washed as above and incubated with 10ml of substrate mix 
(0.4 mg/ml 3-3' diaminobenzidine tetrahydrochloride; Grade 
II, Sigma) in phosphate/citrate buffer (pH 5.0) + 0.012% 
H~02). Colour development was terminated by washing in 
d1stilled water after 30 sec-2 min. 
Sera and Antibodies 

EBV seropositive and seronegative sera were obtained 
from healthy individuals at Sussex University. RANA positive 
sera from patients with seropositive rheumatoid arthritis 
were a gift from Dr. Patrick Venables (Kennedy Institute, 
London). Immunoaffinity purified human antibodies to a 
synthetic peptide corresponding to amino acid sequences 
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within the IR3 encoded region were a gift from Joakim Dillner 
(see Dillner et al., 1984). 

Antibodies were eluted from single bands on immunoblots 
(i.e. microaffinity purified) and re-used in the immunoblot 
procedure using the method described by Smith and Fisher 
(1984). 
Results 

During extraction and storage at -70°C BK EBNA appears 
to undergo considerable degradation, producing 4-5 major 
bands in addition to the 79K native molecule, presumably 
through proteolysis (see Figure 1). In addition two minor 
bands can be seen (22 and 27K mol.wt.) which are only recog
nised by some EBNA-positive sera but not EBV-negative sera. 
Twenty anti-EBNA-positive antisera were used in immunoblotting 
experiments (not all shown). Half of these were RF (Rheum
toid Factor)/RANA-positive sera. Nine sera (5 normal, 4 RF/ 
RANA-positive recognised the two low mol.wt. bands, eleven 
(5 normal, 6 RF/RANA-positive) did not. This suggests that 
these antigens are probably associated with EBV but not with 
Rheumatoid Arthritis or RANA. 

92.5K· 

68K • 

43K • 

26K • 

ABC DEFGH 

"'79K 

FIGURE 1 - Immunoblot (from SDS-lO% polyacrylamide) of 
partially purified and concentrated BK EBNA. The blot was 
probed with six different human sera. A: Mol.wt. standards; 
B: Whole cell extract from EBV-negative Ramos probed with 
EBNA-positive serum GM; C: Serum GM; D: Serum ST (EBNA
positive); E: Serum 44 (EBNA-positive); F: Serum 74 (EBNA
positive); G: Serum RB (EBNA-negative); H: Serum JC (EBNA
positive). 
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Figure 2 shows the amino acid sequence of BK EBNA 
predicted from the DNA sequence of the BamHl K fragment 
(R. Baer, personal communication). The potential cleavage 
sites for trypsin are indicated. If trypsin cleavage occurs 
at the available sites the glycine-alanine copolymer encoded 
by IR3 plus 8 residues should remain as a large (>20K mol. 
wt.) resistant peptide. Assuming it is antigenic and immuno
genic in the native molecule then this fragment should be 
detectable on immunoblots using EBNA-positive human serum. 

FIGURE 2 - Amino acid 
sequence of BK EBNA 
predicted from the DNA 
sequence of the BamHl K 
restriction fragment 
from B95-8. The IR3-
encoded glycine-alanine 
co-polymer (underlined) 
and potential trypsin 
cleavage sites (.> are 
indicated. (The cleavage 
sites are on the 
carboxyl-terminal side 
of Arginine (R) and 
Lysine (K) but bonds 
involving Proline (P) 
are unlikely to be 
cleaved and repetitive 
sequences of R or K are 

•••• • 1~ 
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... 
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only cleaved slowly, Croft 1980). 

To test this, partially purified and concentrated EBNA from 
MST was digested with trypsin and immunoblotted. After 40 
minutes digestion a single major band with a mol.wt. of 
about 27K was detectable (Figure 3, track D). This was still 
stable after a further 60 minutes incubation. In further 
blotting experiments with different EBNA-positive sera (10 
normal and 10 RF/RANA-positive), all recognised this trypsin
resistant band (results not shown). Two of the normal sera 
also showed a second trypsin-resistant band of mol.wt. 
approximately 20K (Figure 3, track B). This peptide was 
degraded and undetectable by immunoblotting after about 100 
minutes incubation. 
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FIGURE 3 - Immunoblot (from 
SDS-15% polyacrylamide gel 
of BK EBNA extract before 
(Track C) and after (Track B 
& D) 40 minutes digestion 
with trypsin. The blot was 
probed with two different 
human EBNA-positive sera. 
A: Mol.wt. standards; 
B: Serum ST; C & D: Serum JC. 

Extracts prepared from Raji (see Reedman and Klein, 
1973) and BL8 (Harris et al., in preparation) immunoblotted 
ina similar manner, revealed in each case that the 
difference between the mol.wt. of the native molecule (69K in 
Raji and 94K in BL8) and that of the IR3-peptide (19K in 
Raji and 44K in BL8) is approximately 50K (not shown). This 
would be expected if only the IR3 encoded region of the 
molecule is polymorphic. 

Figure 4 shows an immunoblot of the BK EBNA extract and a 
trypsin digested extract probed with both immunoaffinity 
purified human anti-IR3 antibodies (Dillner et al., 1984) 
and EBNA-positive human serum. The major bands recognised by 
the EBNA-positive serum are also demonstrated by the mono
specific anti-IR3 antibodies. This confirms that these 
peptides contain the IR3 encoded glycine alanine repeat and 
supports the suggestion that they are degradation products 
of the 79K mol.wt. polypeptide. The anti-IR3 antibodies, as 
expected, also reveal the 27K mol.wt. peptide produced by 
trypsin cleavage. 

These monospecific antibodies do not, however, show the 
22K and 27K mol.wt. bands or the 20K mol.wt. trypsin resis
tant band. This suggests that these peptides do not contain 
the IR3 encoded sequence. To determine whether they are 
related to the 79K mol.wt. native molecule antibodies were 
eluted from strips excised from nitrocellulose blots and 
used to probe another blot of the MST nuclear extract (Figure 
5). This shows that the antibodies eluted from 22K and 27K 
recognise the 79K mol.wt. molecule and all degradation 
products previously shown. The antibodies eluted from 20K 
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B 
(i) (ii) (iii) (i) (ij) (jri) FIGURE 4 - Immunoblot (from 

SDS-IO% polyacrylamide gel) 
of (i) EBV-negative Molt-4 
cell extract (ii) Trypsin 
digested EBNA extract (iii) 
EDNA extract. A: probed with 
human serum (ST); B: probed 
with affinity purified anti
IR3 antibodies (see Materials 
and Methods). 

recognise the 79K mol.wt. molecule and only one product of 
degradation. We conclude that these eluted antibodies bind 
to at least two epitopes on BK EBNA located outside the IR3 
encoded region. 

FIGURE 5 - Immunoblots (from C 

SDS-IO% polyacrylamide gels). A B 2 3 
A: EBNA extract; B: Trypsin 
digested (40 minutes) EBNA t 

• extract both probed with • 
EBNA-positive serum (ST). • 
Bands arrowed 1,2 & 3 were 
excised and antibodies were 
eluted using pH 2.3 glycine-
HCl buffer. These antibodies 

27K • ·1 
were used to probe EBNA 

22K. extract on the nitrocellulose 42 • 
strips shown in C. 

20K • ·3 

Discussion 
The variable region of BK EBNA is encoded by the IR3 

repeat and in B95-8 it consists entirely of glycine and 
alanine residues (Figure 2). The absence of arginine and 

4 
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lysine from this sequence of over 200 residues makes it 
resistant to a number of proteases including trypsin. We 
have shown by immunob1otting nuclear extracts after trypsin 
digestion that the major antigenic product is a peptide 
which also shows polymorphism. A reasonable assumption based 
on the mo1.wt., polymorphism and amino acid sequence is 
that this fragment represents the region of BK EBNA encoded 
by IR3 (together with 8 additional residues). This peptide 
was recognised by antibodies in all sera examined, suggesting 
it is a commonly recognised and probably major antigenic 
and immunogenic determinant of BK EBNA. 

Antibodies are found in some EBNA-positive sera which 
bind to the native 79K mo1.wt. BK EBNA and products of 
proteolytic degradation not apparently containing the IR3-
encoded sequence. This indicates that in addition to epi
topes within the IR3 region there are antigenic and immuno
genic determinants located elsewhere on the BK EBNA mole
cule. That these are not recognised by all EBNA-positive 
sera (9/20 and 2/20) suggests they are minor determinants. 

Finally, RANA appears to be part of the BK EBNA 
molecule and anti-RANA antibodies may be directed against 
a specific determinant located within the IR3 encoded 
region (see Introduction). It is not possible, however, to 
establish conclusively from our present data whether RANA 
is an epitope(s) within this region. The trypsin-resistant 
peptide is recognised by both the normal and RA sera 
examined. This indicates that anti-IR3 antibodies are not 
restricted to RA sera. However, there is general agreement 
that, while up to 90% of normal sera contain anti-RANA 
antibodies, in RA anti-RANA titres are higher than normal 
(see Venables et a1., 1984). Therefore, if RANA is 
located within the trypsin-resistant peptide, one would 
expect elevated anti-IR3 titres in patients with sero
positive RA. We are currently purifying sufficient of the 
IR3-peptide to set up a quantitative immunoassay and test 
this hypothesis. 
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The Use of Antibodies against Synthetic 

Peptides for Studying the EBV Nuclear Antigen. 

J.Dillner, L.Eliasson,* L.Sternas, B.Kallin, 
G.Klein and R.A. Lerner. 

Department of Tumor Biology, Karolinska 
Institute, Stockholm, Sweden; and * Research 
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Five peptides corresponding to amino acid 
sequences predicted from the BamHI K fragment of 
the EBV genome have been synthes~zed 
(Table 1). The antisera raised against peptide 
no. 107, a copolymer of alanine and glycine 
deduced from the third internal repeat (IR3) 
seq u en c e , g a ve b r i I I ian t n u c 1 ear s t a i n in gin the 
anticomplement immunoflourescence assay (ACIF) 
on eight EBV-carrying lines (Figure 1a),whereas 
five EBV-negative lines were not stained (Table 
2). The nuclear staining was competed out by 
addition of the synthetic peptide (Figure 1 b). 
19 out of 21 EBNA-positive sera reacted with the 
synthetic peptide in an ELISA test, whereas EBV
negative sera did not react or gave very weak 
reactions (Figure 2). The 19 EBNA-positive sera 
that reacted with the peptide were all healthy 
donor sera whereas the 3 EBNA-positive sera that 
failed to react were Burkitt lymphoma (BL) 
patient sera.ln a later series of experiments 34 
EBNA-positive healthy donor sera were all found 
to react with the synthetic peptide, whereas out 
of 48 BL sera 19 did not have antibodies to this 
peptide (not shown). 
The peptide-specific antibodies were purified 
from EBNA-positive sera by means of affinity 
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Table 1. Synthetic peptides and the antibody response against them 

Rabbit antipeptide Anti-EBNA 
response: response in 

Peptide Reading ELISA titer. ACIF. 
no. Amino acid sequence frame rabbit l/rabbit 2 rabbit l/rabbit 2 

107 Ala-Gly-Ala-Gly-Gly-Gly- 2 1:10.240/1:640 1:32/1:4 
Ala-Gly-Gly-Ala-Gly-Ala-
Gly-Gly-Gly-Ala-GlycGly-
Ala-Gly-Cys* t 

106 Gly-Gly-Gly-Ala-Gly-Ala- 2 1:5.160/1: 10.240 0/0 
Gly-Gly-Ala-Gly-Ala-Gly-
Gly-Gly-Gly-Arg-Cys* 

108 Cys-Arg-Ala-Arg-Gly-Arg- 2 1:5.120/1:5.120 0/0 
Gly-Arg-Gly-Arg-Gly-Glu-
Lys-Arg-Pro-Met* 

105 Cys-Lys-Ser-Gln-Gly-Glu- 1: 10.240/1: 10.240 0/0 
Arg-Ser-Trp-Thr-Trp-Arg-
Lys-Glu-Ala-His* 

109 Cy s- L ys-G I u-Pro-G I y-G I y- 3 1:40.960/1 :20.480 0/0 
Glu-Val-Val-Asp-Val-Glu-
Lys-Arg-Gly-Pro* 

*These residues were not in the primary amino acid sequence but were added to allow coupling 
tTht' sequence is repeated three times in the IR3 region of the B95-8 virus 

Figure 1.ACIF on P3HR-1 cells with:A:rabbit 
antipeptide serum,B: rabbit antipeptide serum 
plus the synthetic peptide, C:human affinity 
purified antipeptide serum and D:human 
antipeptide serum plus the synthetic peptide. 
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FIG. 2. EBNA-ACIF titers of human EBV-positive and EBV
negative sera against Raji cells and their titers against the synthetic 
peptide 107 in a direct binding ELISA test. ... EBV -negative sera: •. 
EBV-positive sera::: and X. two EBV-positive sera that were used 
for affinity purification. 

Table 2. Nuclear ACIF reaction with affinity-purified rabbit and 
human sera 

EBV 
carrier 

Cell state 

BL 30 Negative 
BJAB Negative 
Ramos Negative 
Loukes Negative 
BL 2 Negative 
Raji Positive 
LSB-1 Positive 
P3HR-l Positive 
Namalwa Positive 
Daudi Positive 
B95-8 Positive 
Cherry Positive 
Jijoye Positive 

EBNA
positive 

human sera 
diluted 1:4 

+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 

ACIF with 

Affinity
purified rabbit 
antibodies to 
peptide 107 
diluted 1:4 

++ 
+ 

+++ 
+ 

+++ 
+++ 
+++ 
+++ 

Affinity
purified 
human 

antibodies 
diluted 1:4 

++ 
+ 

+++ 
+ 

+++ 
+++ 
+++ 
+++ 
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chromatography with the peptide coupled to AH
sepharose. These antibodies gave an EBV-specific 
nuclear staining similar to that of the rabbit 
antipeptide antibodies (Figure 1 c). This 
staining was also removed by absorption with the 
s yn t h et i c pep tid e ( F i gu r e 1 d). 
Immunoblotting 
Immunoblottings of DNA-binding proteins from 
EBV-carrying and EBV-negative cell lines showed 
that the rabbit antisera against the three 
peptides predicted from reading frame no. 2, 
could identify an EBV-specific protein varying 
in size among different EBV-positive cell lines 
(Figure 3a,4) in line with the results of Strnad 
et al (1981) and Hennessy and Kieff (1983). The 
anti-107 rabbit serum was also used to identify 
two cellular proteins ,44 and 49 kilodaltons in 
size (Figure 3a). This reaction was peptide
specific since it was removed by preabsorption 
with the synthetic peptide (Figure 3b). This 
cross-reaction is of particular interest in view 
of the findings of Heller et al (1982) that 
sequences homologous to the IR3 are present in 
multiple copies on the human chromosomes. 
The affinity-purified human antipeptide 
antibodies also reacted with the 70- 92 K 
protein on immunoblottings (Figure 5). The 
rea c t ion a gin s t the s e pol Y pep tid e s was rem 0 ve d 
by preabsorption with the synthetic peptide, 
both in the case of the rabbit anti-peptide 
(Figure 3b) and the human antipeptide antibodies 
(not shown). In addition to the peptide-specific 
reactions, some reactions were seen which were 
not abolished by addition of an excess of 
peptide, notably in the 31 to 34 kilodaltons 
s i z e cat ego ry (F i g u res 3, 5 ) • The sea n t i bod i e s 
are likely to have bound to the affinity column 
non-specifically. 
ELISA test 
The rabbit anti-107 antibodies could be used as 
catching antibody for the native EBNA molecule 
in an ELISA test, where after binding of the 
antigen, a human EBNA-positive sera is allowed 
to react and finally an enzyme-linked anti-human 
anti body. This method has provided a highly 
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Immunoblots on 10 % polyacrylamide gels with 
rabbit antipeptide 107 serum,diluted 1:4 (A) and 
the same serum after preincubation with the 
synthetic peptide (B). The lanes are DNA-binding 
proteins from EBV-negative cells; 1 :BJAB, 
2:Loukes and EBV-positive cells ;3:B95-8, 
4:Cherry, 5:P3HR-1 and 6:Raji. Figures indicate 
MW in kilodaltons. 

sensitive quantification method for EBNA, even 
in crude cell extracts. Although the rabbit 
antipeptide 107 antibodies also react with some 
cellular proteins (Figure 3), EBV-negative cells 
did not give any reaction in the ELISA test, 
presumably due to that EBNA was the only protein 
recognized by both the rabbit serum and the 
human anti-EBNA positive serum. 
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Comparison between amount ~ EBNA and number of 
EBV genomes per cell 
The EBNA quantification assay was used to 
investigate if the amount of BamHI K encoded 
EBNA in the cell was correlated to the number of 
EBV genomes per cell. Eleven EBV-positive and 
three EBV-negative cell lines were used in this 
comparative study (Figure 6). The three EBV
negative lines originate from BL biopsies 
(Bjab,Loukes and Ramos). Six of the EBV-positive 
cell lines (Bjab/B95-8, Ramos HR1K, Ramos/B95-8, 
AW Ramos, EHR-D Ramos, EHR-H Ramos and EHR-O 
Ramos) are the in vitro EBV-converted 
counterparts of Bjab and Ramos. Four lines are 
derived from BL (Raji, Rael, Namalwa, Daudi) and 
one is an EBV-carrying lymphoblastoid cell of 
non-neoplastic origin (6410). In a previous 
study (Ernberg et al,1977) measurement of the 
relative EBNA content in cells by 
immunofluorescence resulted in a significant 
correlation (r=O.86) between the level of EBNA
fluorescence and the number of EBV-genomes. In 
this study the correlation was not found 
(r=O.46). This discrepancy can be accounted for 
by the higher sensitivity and specificity of the 
ELISA assay employed in this study. The main 
difference was that the antibodies used were 
specific for the BamHI K EBNA protein. 

The further use 
antisera 
The EBNA quantification system has also been 
used for monitoring transfection effectivity and 
EBNA expression when transfecting an eucaryotic 
viral expression vector with a BamHI K insert 
into CV1 cells (M-L. Hammarskjold et aI, in 
preparation) and also for monitoring EBNA during 
purification of the antigen. 
A special application of the antipeptide 
antibodies presented here is the differential 
characterization of the BamHI K-encoded and the 
BamHI WYH-encoded EBNAs, where in the case of 
the BamHI WYH-encoded EBNA a specific serum is 
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Immunoblots on 7.5% polyacrylamide gels with 
rabbit antipeptide 106 serum,di1.1:2 (A) and 
rabbit antipeptide 108 serum,di1.1:2 (B). The 
lanes are nucleic extracts from EBV-negative 
cells, 1 :BJAB, 2:Loukes and EBV-positive cells, 
3:Raji, 4:B95-8, 5:Jijoye and 6:P3HR-1. 

generated by excessive preabsorption of EBNA
positive sera with P3HR-1 or Daudi cells. This 
has been used for studying the serology of the 
two EBNAs, notably the appearance of EBNA 
anti bodies during the course of infectious 
mononucleosis and for studying the binding of 
the two EBNAs to metaphase chromosomes (Dillner 
et aI, in press) 
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1 2 34 5 6 Figure 5 .Immunobl ot on a 
10 % polyacrylamide gel 
with human EBNA-positive 
serum affinity purified 
on a column of peptide 
107 bound to AH
sepharose.Dilution 1 :4. 
Lanes are DNA-binding 
proteins from EBV
negative cells,1 :BJAB, 
2:Loukes and EBV
positive cells,3:B95-
8,4:Cherry,5:P3HR-1 and 
6 :Raji. 
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Figu re 6 
Comparison between EBNA content and number of 
EBV genomes. EBNA was measured in an ELISA assay 
using affinity-purified rabbit antipeptide 107 
serum attached to the bottom of the plate. The 
reaction was done with extracts of different 
cell lines, followed by a human EBNA-positive 
serum and an antihuman antibody alkaline 
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phosphatase conjugate. Finally the enzyme 
substrate solution was added. The reaction could 
be completely removed by addition of an excess 
of synthetic peptide. The detection level for 
Raji cells was a dilution of cell extract 
corresponding to 40.000 cells. 
The number of EBV genomes was determined in a 
dot blot assay. Purified DNA was dotted on a 
nitrocellulose filter and hybridized to a 32p
labelled probe of the EBV BamHI M fragment 
dotted on the filter in equivalents of 100-0.5 
EBV genomes per cell. The EBV-negative lines 
Bjab, Loukes and Ramos were negative in both 
assays. 

Concluding remarks 
The regular occurrence of antibodies to the 
synthetic peptide 107, present in 53 out of 53 
EBNA-positive healthy donor sera tested, is 
unique for synthetic peptides and indicates that 
the peptide corresponds to a regularly 
immunogenic determinant of the native EBNA 
protein. The wide usability of these antipeptide 
antisera can no doubt be accounted for by this 
fact. For comparative purposes the other four 
synthetic peptides were also studied with 
respect to the occurrence of antibodies to these 
peptides in 34 EBNA-positive and 5 EBV-negative 
healthy donor sera. No reactivity was found with 
the peptides 105 and 109 deduced from other 
reading frames and in no case was reactivity 
found with the EBV-negative sera. The peptide 
106 was however recognized by 3 EBNA-positive 
sera and the peptide 108 was recognized by 5 
EBV-positive sera. This suggests that these 
peptides contain weak determinants of EBNA. 
Although both the 106 and 108 rabbit antipeptide 
antibodies detect EBNA on immunoblots (Figure 
4), they do not stain EBNA in ACIF, nor can they 
be used as catching anti body in the ELISA test. 
In spite of this, their antipeptide titers are 
equal to or better than those of the 107 
antipeptide sera (Table 1). 
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To conclude the approach of using synthetic 
peptide-generated antibodies has proven to be 
highly successful for identifying the native 
EBNA molecule. In this study we succeeded in 3 
out of 3 cases. When, as in the case of the 
peptide 107, one happens to find an important 
determinant of the native protein, the 
anti peptide sera have also been shown to be 
useful for a wide variety of purposes. 

Acknowledgements 
Tables 1 and 2 and Figures 1,2 and 3 are 
reprinted from Proc.Natl.Acad.ScLUSA 81,4652 
(1984). This work was supported by Public Health 
Service Grant 5R01, CA 28380-03 awarded by the 
National Cancer Institute and by the Swedish 
Cancer Society. 
References: 
Dillner,J.,Sternas,L.,Kallin,B.,Alexander,H. , 
Ehlin,B.,Jornvall,H.Klein,G and Lerner,R.A. 
Antibodies against a synthetic peptide identify 
the EBV-determined nuclear antigen(EBNA). 
Proc.Natl.Acad.ScLUSA 81,4652-4656 (1984). 

Dillner,J., Kallin,B., Ehlin,B., Timar,L and 
Klein,G. Int.J.Cancer in press. 

Ernberg,I.,Andersson-Anvret,M.,Klein,G., 
Lundin,L. and Killander,D;Relationship between 
amount of EBV-determined nuclear antigen per 
cell and number of EBV DNA copies per cell. 
Nature;266(5599); 269-271, (1977). 

Heller,M.,Henderson,A. and Kieff,E. Repeat array 
in EBV DNA is related to cell DNA sequences 
interspersed on human chromosomes. 
Proc.Natl.Acad.ScLUSA 79,5916-5920 (1982). 

Hennessy K. and Kieff,E.One of two EBV nuclear 
antigens contains a glycine-alanine copolymer. 
Proc.Natl.Acad.Sci.USA;80:5665-5669.(1983). 

Strnad,B.,Schuster,T.,Hopkins,R.,Neubauer,R and 
Rabin,H. Identification of an EBNA by 
fluoroimmunoelectrophoresis and radioimmuno
electrophoresis. J.Virol. 38,996-1004 (1981). 



42 
CHARACTERIZATION OF TWO FORMS OF THE 72,000 MW 

EBNA AND A CROSS-REACTING CELLULAR PROTEIN 

LUKA, J.,l KREOFSKY, T.,2 SPELSBERG, T.C.,2 

PEARSON, G.R.,l HENNESSEY, K.,3 and KIEFF, E.3 

lGeorgetown University, 2Mayo Foundation, 

3University of Chicago 

INTRODUCTION 

Human cells transformed by Epstein-Barr virus (EBV) 
express virally determined nuclear antigens designated 
EBNA. The major component of EBNA, identified by immuno
blotting, is a polypeptide with a variable molecular 
weight ranging from 72,000 to 89,000 daltons depending on 
the resident EBV genome (Strnad et ale 1981, Spelsberg et 
ale 1982, Luka et ale 1983). Kieffand co-workers (Heller 
et ale 1982, Hennessy and Kieff, 1983, Hennessy et ale 
1983), showed that the 72K EBNA was encoded fromaregion 
on EBV DNA which contained the IR3 repeat sequence. This 
region encodes for a glycine-alanine polymer. The correct 
reading frame for translation of this EBV gene is known 
from the nucleotide sequence of a fusion gene between IR3 
and Lacz, since the fusion gene encodes for a protein with 
epitopes for EBNA (Hennessy and Kieff 1983). Human and 
mouse cell DNA have interspersed repeat elements related 
to this EBV triplet, but it is not known, if the cellular 
sequences encode protein. 

The 72K EBNA has been reported to be heterogeneous in 
isoe1ectric point and chromatin binding (Spelsberg et a1. 
1982, Sculley et al. 1983, Luka et a1. 1983, Luka etaT:" 
submitted). Two Classes of EBNA-Were identified base~on 
their binding properties to chromatin. The loosely bound 
or class I EBNA (EBNA I) was extracted with 0,4M NaC1, 
while the tightly bound or class II (EBNA II) was 
extracted from chromatin with either 5M urea and 2M NaCl 
or 4M guanidine-HC1. The partially purified EBNA I had a 
molecular weight of 70,000 while the EBNA II displayed 
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two subunits with 65,000 and 70,000 (Sculley et a1. 
1983). Whether the 65K polypeptide was a degradation 
product or a different antigen has not been determined. 

In the present work we purified the 72k EBNA from low 
salt extract, and partially purified the EBNA II from 
urea extracted chromatin. Two-dimensional gel analysis 
indicated that EBNA I was a highly modified protein, 
while EBNA II was a basic protein (Luka et a1. sub
mitted). Further analysis also indicatedlthat the basic 
form of EBNA is expressed in newly infected cells and 
undergoes a modification after several hours (Luka et a1. 
manuscript in preparation). We also identified a protein 
with an approximate molecular weight of 62,000 which cross
reacts with the IR3 region of EBNA (Luka et ~. in press). 

MATERIALS AND METHODS 

Cells. The EBV-genome positive Raji, NC37, P3HR-1, 
Nama1va, B95-8, IB4, Jijoye, Ag 876, and the EBV-genome 
negative BJAB, Loukes, K562, Mo1t-4 and the mouse NS-1 
cell lines were used. All cell lines were grown in RPMl 
4640 medium with 5% fetal calf serum. 

Sera. A number of anti-EBV positive and negative 
human sera were used. In addition, a rabbit serum 
prepared against the polypeptide encoded for by the IR3 
unit of EBV DNA was also used. 

Cell extraction and purification of. proteins. 

This was done according to Luka et ~., in press and 
Luka et ~., submitted. 

Immunoblotting. 

The protocol of Luka et al., 1983 was used with 
slight modifications (Luka-et al., in press). 

Polyacrylamide gel electrophoresis. 

SDS-polyacrylamide gel electrophoresis was performed 
according to Laenmli (1970). 

Two-dimensional gel electrophoresis. 

This was carried out as described by O'Farrel (1975) 
with a pH gradient between 10 and 3,5. 
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ELISA assay. 

The ELISA test was carried out as previously described 
(Luka et~. 1984). 

Monoclonal antib0<!Lproduction. 

Monoclonal antibody production was done according to 
the protocol in Luka et 2..!.., in press. 

RESULTS AND DISCUSSION 

The low salt extract (0.4M NaCl) from Raji cells was 
chromatographed on Blue Sepharose, Polybuffer exchanger 
PBE 94 Pharmacia and ds-DNA cellulose columns. The class 
I EBNA bound to all three columns and after the last step 
was purified 5,500-fold to homogeneity (Figure lA). Western 
blotting indicated that the 72K polypeptide was EBNA (Figure 
1 B). 

The pellet from low-salt extraction was sonicated in 
6M urea and 0.3M NaCl to extract the tightly bound EBNA. 
Following the sonication and centrifugation no residual 
EBNA activity remained in the pellet as determined by 
immunoblotting. The urea extract was then directly 
applied to the PBE 94 column. After this step further 
purification on a ~droxyapatite column was done. The 
partially purified EBNA II became soluble in low salt 
buffer after this step. 

The hydroxyapatite-purified EBNA II was tllen analyzed 
for binding to ds-DNA cellulose and Blue Sepharose 
columns. However, this preparation failed to bind to 
both columns. Based on the possibility that free DNA was 
present in the fraction, which might have prevented bind
ing to these columns, the fraction was treated with 
DNase I. After this treatment the antigen still did not 
bind to the columns. 

The EBNA I and II preparations were analyzed by two 
dimensional gel electrophoresis (2-D PAGE), transferred 
to nitrocellulose paper and identified by human anti
EBNA positive sera. The soluble class I EBNA showed 
several modified forms between pH 6 and 8 (Figure 2A), 
while the class II EBNA gave one form between pH 8,5-9.0 
(Figure 2B). However, both heat treatment (70°C, 10 min) 
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- 92K 

- 67K 

- 45K 

- 30K 

___ - 21K 

Fig. lAo SDS-PAGE of EBNA from Raji cells at different 
stages of purification. a) Blue-Sepharose 2M 
eluate, b) PBE 94 flow-through. c) 2M eluate, 
d) ds-DNA cellulose flow-through, e) O.6M 
eluate, f) 1.5M eluate, g) marker proteins. 

B. Identification of EBNA by immunoblotting at 
different stages of purification. a-f as in 
A. 
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Basic Acidic 

Basic Acidic 

-

Fig. 2. Identification of the EBNA I (A) and EBNA II (B) 
on 2-D PAGE by immunoblotting. The basic end 
represents pH 10, the acidic end pH 3.5. 
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The EBNA I and II preparations were analyzed by two 
dimensional gel electrophoresis (2-D PAGE), transferred 
to nitrocellulose paper and identified by human anti-
EBNA positive sera. The soluble class I EBNA showed 
several modified forms between pH 6 and 8 (Figure 2A), 
while the class II EBNA gave one form between pH 8,5-9.0 
(Figure 2B). However, both heat treatment (70°C, 10 min) 
and TCA precipitation (10%) converted the EBNA I into the 
basic form. This probably explains why only the basic form 
of EBNA was detected in some earlier studies (Luka et a1., 
1983). --

Both EBNA I and ERNA II were also subjected to pep
tide mapping using partial proteolysis according to 
Cleveland et a1. (1977). The results indicated no major 
differenceS-between the two forms. 

When Raji cells were superinfected with Epstein-Barr 
virus strains B95-8 and P3HR1, new synthesis of EBNA 
occurred in the Raji cells only with B95-8. Whereas no 
P3HR1-specific EBNA (76K) synthesis occurred in the 
cells following P3HR-1 virus infection (only EA synthe
sis), the B95-8 virus induced a new EBNA type (78K) in 
the Raji cells. This EBNA and the original 72K EBNA are 
still expressed after 5 months of this cell line. The 
synthesis of this new EBNA was analyzed by 2-D PAGE in 
culture 12, 24, and 48 hours after infection. The newly 
synthesized EBNA was basic 12 to 24 hours after infection, 
and became modified like EBNA I after 24 hours. The ori
gi na1 72K Raji EBNA showed both forms at these times. 

During the purification of the 72K EBNA, a 62K 
protein was also detected with some anti-EBNA positive 
but not with anti-EBNA negative sera. This protein was 
also detected in EBV-genome negative cell lines of both 
human and mouse origin (Figure 3). The protein was par
tially purified by Blue Sepharose and hydroxyapatite 
chromatography. 

This protein was also detected by a rabbit serum 
raised against the glycine-alanine copolymer of EBNA. 
Further characterization by adsorption of human sera 
with SOS gel-purified 62K cellular protein or 72K EBNA 
indicated that the cellular protein had a crossreacting 
epitope with EBNA. 

From immunization in vitro, with purified EBNA, a 
hybridoma clone was selected, wllich produced monoclonal 
antibodies against EBNA. Further characterization of 
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- 72K 

- - 62K 

Fig. 3. Identification of EBNA and a 62K protein in 
different cell lines by immunoblotting. Lanes 
a-e, anti-EBNA negative serum f-j, anti-EBNA 
positive serum. a, and f,: Molt-4, band g,: 
U562, c and h: NS-l, d and i,: Ramos-B-95-8, 
e and j,: Raji (Luka et al., 1984). (Reproduced 
with permission of the-American Society of 
Microbiology, Washington, D.C.). 
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Fig. 4. Identification of proteins that were affinity 
purified with monoclonal antibody 135 coupled to 
Affigel-10. The eluted proteins were immunoblot
ted and stained with an anti-EBNA positive human 
serum (a and c), or an anti-EBNA negative human 
serum (b and d). a and c, affinity-purified pro
tein from Raji cell extract. band d, affinity
purified protein from Loukes cell extract (Luka 
et al., 1984). (Reproduced with permission of the 
American Society of Microbiology, Washington, D.C.) 
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this monoclonal antibody indicated that it could detect 
the 62K cellular protein. As shown in Figure 4, the anti
body coupled to Affigel-10 precipitated both the 72K EBNA 
and 62K protein from EBV genome positive cells, but only 
the 62K protein from EBV-genome negative cells. 

Conclusions 

The present results indicate that cellular protein(s) 
crossreacting with 72K protein exist. It was also indicated 
that at least two forms of 72K EBNA are present in EBV infec 
ted cells. The significance of these forms and their possible 
function in a virus latency is under investigation. Whether 
the induction of B95-8 specific EBNA in superinfected Raji 
cells or the lack of specific EBNA induction following super
infection with P3HRl virus indicates a specific role of EBNA 
in latency is also being investigated. 
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SUMMARY 

The regi ons of the Epstei n-Barr Vi rus (EBV) genome whi ch 
code for proteins within the early antigen (EA) and viral 
capsid antigen (VCA) complex were identified by indirect 
immunofl uorescence (I F) 2-4 days after mi croi nj ect i on of 
subgenomic cloned fragments of EBV DNA. Two new regions 
have been identified as part of the early antigen (EA) 
complex, namely, the Charon 4A cloned fragments which cover 
map un its 38-47 and 83-93 res pect i ve 1 y • One DNA fragment 
from map uni ts 45-54, produces a protei n inhuman cells 
after microinjection which reacts with EA-VCA+ human sera. 
Attempts to transform human B-lymphocytes from cord blood 
with a variety of EBV DNA fragments is described. 

INTRODUCTION 

Epstei n-Barr Vi rus (EBV) is a human oncogeni c vi rus 
member of the Herpesvirus family which has been putatively 
associated with nasopharyngeal carcinoma (NPC) (Epstein et 
al., 1964; Henle et al., 1971). The restricted host control 
for EBV replication and transformation has impaired mapping 
of the genome for functional proteins and/or antigens. 
Human epithelial cells permissive for EBV replication have 
been described (Glaser et al., 1976, 1980; Ben-Basset et 
al., 1982; Sixbey et al., 1983) whereas, transformation by 
EBV has been reported only with B-lymphocytes (Pope, 1979). 
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Previous studies to map antigen-coding regions of the EBV 
genome by transfection (Stoerker and Glaser, 1983) in human 
epi the 1 i a 1 cells suggested that the Bam HI fragment (H) 
from B95-8 vi rus DNA or the equi va 1 ent regi on cloned ina 
Charon 4A vector (EB 26-36) (Buell et al., 1981) is, in 
part, responsible for early antigen (EA) expression. The 
use of microinjection to study the expression of the EBV 
genome was fi rst reported by Graessmann et al. (1980), 
using P3HR-1 virus DNA. Expression of the P3HR-1 DNA was 
evidenced by EA synthesis. A coding region for the EA
diffuse (EA-D) and EA-restricted (EA-R) antigens was identi
fied by microinjection of EB 26-36 and EB 61-72 viral DNA 
respectively (Glaser et al., 1983). Continued efforts to 
map additional regions of the EBV genome for antigenic ex
pression and prel iminary results of attempts to transform 
human cord B-lymphocytes are reported here. 

MATERIALS AND METHODS 
Cell Lines 

The CNE epithelial tumor cell line used in this study 
is EBV genome-negative and is deri ved from a Chi nese NPC 
tumor (Laboratory of Tumor Vi ruses of the China Cancer 
Institute, 1978). The cells were maintained in RPMI 1640 
medium supplemented with 15% fetal calf serum (FCS). 

Cord Cell s 

Human cord blood was obtained from Dr. Jennifer Niebyl, 
M.D., Chief, Maternal and Fetal Medicine, Johns Hopkins 
University School of Medicine, Baltimore, Maryland. Cord 
blood was diluted 2-fold in serum-free RPMI medium and 
overl aid onto 4 ml of Ficoll in 15ml conical centrifuge 
tubes. The cells were centrifuged 20 min at 4C at 1,000 x 
g and the buffy coat 1 ayer removed with a pasteur pi pet. 
The cells were diluted in 50 ml serum-free RPMI medium, 
centrifuged, and resuspended in RPMI 1640 medium containing 
20% FCS. 

Preparation of cells for microinjection 

Petri di shes were incubated with 2.5 ml 2% gl utaral
dehyde for 2 hr at room temperature, washed 4 times with 
distilled water, and coated with 200 III of Anti-B1 mono
clonal antibody, (Coulter Clone, Coulter Electronics Inc, 
Hialeah, Florida). The antibody was allowed to dry onto 
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the dishes overnight in the laminar flow hood. The lympho
cyte cell suspension was added to the plates, which were 
incubated 2 hr at 37°C. The unattached cells and medium 
were removed and fresh medium was gently added to the 
attached cells. The cells were injected with 1-5 ).11 of 
EBV DNA at a concentrat i on of 100 ng/ ~ 1 in steril e phos
phate buffered saline (PBS). After microinjection, the 
ce 11 s were returned to the 37°C incubator and refed with 
growth medium every 3-4 days. 

CNE cells were seeded onto glass coverslips in petri 
dishes 24 hr prior to microinjection. The EBV DNA fragments 
were microinjected at a concentration of 100 ng/~l as 
previously described (Glaser et al., 1983). 

Immunofluorescence 

CNE cells were fixed in acetone for 10 min at room 
temperature 2-4 days after microinjection. Indirect immuno
fluorescence (IF) was used to detect EBV-specific antigens 
in the injected cells as described by Glaser et ale (1983) 
using pre-characterized human sera, EA+VCA+ and EA-VCA+. 
Epstein-Barr nuclear antigen (EBNA) was detected according 
to the procedure of Reedman and Klein (1973). 

Preparation of DNA for microinjection 

The B95-8 DNA was obtained from Dr. Mei han Nonoyama, 
Showa University Research Institute for Biomedicine, St. 
Petersburg, Florida and was prepared for microinjection 
as described by Glaser et ale (1983). Recombinant DNA used 
in these studies from bacteriophage lambda vectors was pre
pared according to the method of Blattner et ale (1977). 
The Charon 4A vectors were obtai ned from Dr. Bi 11 Sugden 
(McArdle Lab., Univ. of Wisconsin, Madison, Wis.) and were 
prepared as described earlier (Glaser et al., 1983). 
Plasmid pBR322 vector recombinant plasmids were prepared 
as described by Stoerker and Glaser (1983) and contained 
Bam HI restriction fragments H, HFX, or K which were obtained 
from Dr. Elliott Kieff (Kovler Viral Oncol. Lab., U. Chicago, 
Chicago, Ill.) DNA was extracted, ethanol precipitated and 
resuspended in sterile PBS for microinjection. 
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RESULTS 

Antigen expression of subgenomic fragments of EBV 

Cont i nued efforts to map the ent ire ERV genome for 
antigen coding regions were performed by microinjection of 
human cells with cloned fragments of the viral DNA. Antigen 
detection was determined in IF assays with pre-characterized 
human sera to detect EA and/or VCA expression. Cells (100-
200) were microinjected with single fragments of EBV DNA 
(100-200 ng/~l) and examined by IF assay for antigen 
expression. The results of preliminary mapping of about 
70% of the genome of EBV are summarized in Table 1. 

TABLE 1 

MAPPING EBV ANTIGENS BY IMMUNOFLUORESCENCE AFTER 

MICROINJECTION OF EBV DNA 

DNA: Immunofluorescence: 

EA+ 

E826-36 + 
EB38-47 + 
EB45-54 + + 
EB53-61 + 
EB61-72 + 
EB69-79 
EB75-84 
EB83-93 + 

CNE Cells were seeded on glass coverslips, and microinjected 
24 hr later with 100ng/~1 DNA cloned fragments. Two 
to four days later, the cells were fixed in acetone and 
stained for EBV antigen expression using pre-characterized 
human sera. 
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Figure 1. Diagram of the Bam HI restriction map of B95-8 
EBV DNA showing the pBR 322 Bam K and Charon 4A EB 26-36, 
EB 38-47, EB 61-72, EB 83-93 cloned fragments which induce 
EBV antigens in CNE cells following microinjection, (Glaser 
et al., 1983). (Reprinted with permission). 

Four regions of the EBV genome were found to induce 
detectable EA: EB 26-36, EB 38-47, EB 61-72, and EB 83-93 
(Figure 1). Earlier studies have identified the EB 26-36 
region as coding for the EA-R antigen and EB 61-72 as coding 
for the EA-D antigen based on reactivity with monoclonal 
antibodies (Gl aser et al., 1983). The EB 38-47 and EB 
83-93 regions are newly identified regions coding for the EA 
complex based on reactivity with EA+VCA+ sera and lack of 
react i vity with EA-VCA+ sera. Ident ifi cat i on of the EA-D 
and/ or EA-R specificty of these two regions is in progress. 

Sera designated EA-VCA+ were used to differentiate VCA 
from EA. Preliminary data suggest that the region EB 45-54 
codes for part of the VCA complex (Figure 2). Expression 
of the EBV nuclear antigen (EBNA) following injection of the 
BamHI (K) fragment was reported previously (Glaser et al., 
1983) in agreement with findings reported by Summers et al. 
(1982) • 
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Figure 2. Immunofluorescence photomicrographs of CNE 
cells microinjected with (1) PBS control; (2) EB 38-47 (EA); 
(3) EB 83-93 (EA); (4) EB 45-54 (VCA). 

Transformation of B-lymphocytes 

Human B-lymphocytes from cord blood were enriched and 
prepared for microinjection as described in Materials and 
Methods. The various DNA fragments used to microinject B
lymphocytes are summarized in Table 2. Cells injected with 
pBR322 and several EBV fragments were dead within 2-3 months. 
In contrast, B-cells injected with the combination of Bam HI 
fragments (HFX and K) were still viable in culture for one 
year. Although viable, the cells did not replicate and an 
established or tranformed cell line was never obtained. 
Representative live cells were stained by IF. The only 
EBNA-positive cells were those injected with a mixture of 
the Bam HFX and K fragments (Table 2). There were no re
maining viable cells left in these cultures by the end of 
the 15th month. This experiment has been repeated with the 
same results. 
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TABLE 2 

MICROINJECTION OF B-LYMPHOCYTES 

DNA 

Bam HI (HFX) 
Bam HI (HFX) + (K) 
Bam HI (K) 
Bam HI (K) + (EB26-36) 
(EB26-36) + (EB53-61) 
(EB26-36) 
(EB53-61) 
B95-8 
pBR322 

Survival 
In Culture 
(months) 

2 
12 

2 
3-4 
3-4 
2 
2 
2 
2 

EBNA 

+ 

Human Cord B-lymphocytes were prepared and injected as 
described in Materials and Methods. Viable cells were ob
served mi croscopi ca 11 y • Representat i ve cells were s ta i ned 
for EBNA by anti-complementary immunofluorescence (Reedman 
and Klein, 1973). 

DISCUSSION 

It is possible to map functional regions of the EBV 
genome using the precise method of microinjection. In 
this study, the functional map of EBV relative to antigen 
expression has been expanded. A combination of prechar
acteri zed human sera were used to detect EA and/or VCA 
antigens in human CNE cells after microinjection. The 
recently developed monoclonal antibodies to EA-D, EA-R, 
and VCA (Pearson et al., 1983; Kishishita et al., 1984) 
have made it possible to identify proteins with EA and/or 
VCA antigenic determinants. The new EA regions identified 
in this study are the EB 38-47 and EB 83-93 regions which 
are part of the EA complex. EB 38-47 overlaps the Bam HI M 
fragment mapped as EA-D specific by Pearson et ale (1983). 

Earlier studies by Graessmann et ale (1980) and our
selves (Glaser et al., 1983) were not successful in det
ecting VCA. The data here (Table 1) include the first 
report of VCA react i vity by the EB-45-54 fragment. Thi s 
DNA fragment codes for several 1 ate pol ypept ides i dent i
fied by Hummel and Kieff (1982). One monoclonal antibody 
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to VCA antigen precipitates a 125 Kb protein from the EB 
45-54 region (Pearson et al., 1983). Since there are 
several proteins synthesized in the early and late classes 
and since the early antigen is a complex of polypeptides, 
it is probable that the VCA antigen may be a complex of 
protei ns coded from more than one regi on of the genome. 
It is possible that some of the late proteins are not 
detected by thi s experimental approach because early pro
teins of EBV may have regulatory control over late pro
teins. To test this, regions coding for EA are being 
co-microinjected with regions coding for late transcripts 
(Hummel and Kieff, 1982). Further, restriction enzyme 
cleavage may inactivate some genes within the promoter, 
or structural DNA sequence(s). Therefore, EBV framents 
are being coinjected with the pSV2neo gene (Southern and 
Berg, 1980) in an effort to enhance express i on of the EBV 
fragment. 

Transformation of human B-lymphocytes by intact EBV 
virus has been described (Miller et al., 1971). The Bam 
HI K fragment has been shown to code for the EBNA anti gen 
by transfection (Summers et al., 1982) and by microin
jection (Glaser et al., 1983). EBNA has been associated 
with EBV transformation (Klein et al., 1980). Preliminary 
efforts to transform human cord B-lymphocytes by microin
jection of subgenomic fragments of EBV DNA suggest that the 
Bam HI fragments HFX and K may be cooperatively involved in 
at least the initiation of transformation. However, it is 
not yet cl ear if these regi ons of the genome are able to 
confer transformation leading to established cells. Trans
formation by EBV may follow a multi-step process which is 
yet to be determined. However, the use of microinjection 
provides an important tool for studying the functional map 
of the EBV genome, antigen expression, and the regions 
required to initiate and maintain transformation. 
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SUMMARY 

The localization of polypeptides (50-52,85K) associated 
with the diffuse and restricted components of early antigen 
EA in Epstein-Barr virus (EB virus)- infected cells was 
demonstrated with immune electron microscopy (EM) using 
colloidal - gold staining. P3HR-l cells were activated to 
express the viral antigens by treatment with 4 mM n-butyrate 
and 20 ng/ml TPA. After 32-38 hrs, the cells were fixed 
with 2% glutaraldehyde, dehydrated with alcohol and propylene 
oxide, and embeded in epon. Ultra-thin section were prepared 
and incubated first with the appropriate monoclonal antibody, 
then with Staphylococcal protein A - gold, and finally with 
uranyl acetate. EM examination revealed that the 50-52 K 
component of EA-D was localized both in nucleoplasm and 
cytoplasm of EA-positive cells, while the 85 K component of 
EA-R was located mainly in the cytoplasm, as indicated by 
specific colloidal-gold staining. 

I NTRODUCTI ON 

To identify components of Epstein-Barr virus (EB virus) 
specific antigens and to purify and characterize these 
proteins, monoclonal antibodies have been developed against 
different E8 virus proteins (Hoffman et al., 1980; Thorley
Lawson and Geilinger, 1980; Qualtiere-et-al., 1982; Strnad 
et al., 1982; Morgan et al., 1983; Pearsonet al., 1983; 
Takada et ~., 1983; Kishlshita et ~., 1984).-In this 
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study, using two monoclonal antibodies (Pearson et al., 
1983) against proteins associated with different-Components 
of the EB virus early antigen complex, their location in 
infected cells was determined by im~une electron microscopy. 

MATERIALS AND METHODS 

Cell line. The Epstein-Barr virus (EB virus) -
producing P3HR-l was cultured in RPMI-1640 medium sup
plement with 10% heat-inactivated fetal calf serum. 
The EB virus-specific antigens were induced with 3 mM 
n-butyrate and 20 ng/ml TPA at 37°C for 32-38 hrs incu
bation (Kishishita et ~., 1984). 

Monoclonal antibodies. The preparation of the two 
monoclonal antibodies used in this study, designated R3 
which is directed against 50-52K polypeptides (EA-D) and 
R63 which reacts with an 85K polypeptide (EA-R), was 
described previously (Pearson et ~., 1983). 

Immunofluorescence assay (IF). EB virus - specific 
antigen(s) production was examined by immunofluorescence 
using acetone - fixed smears of activated cells with the 
monoclonal antibodies or with a standard NPC serum (EA; 
1: 1280, VCA; 1: 2560). 

Preparation_-2.f.cells for immune electron microscopy. 
Each pellet of activated or non-activated cells (lOxl06 
cells) was fixed with 2% glutaraldehyde in 0.1 M phosphate 
buffer for 2 hrs. The cell pellet was washed twice in PBS 
and fixed in osmic acid to measure the immunological bind
ing sites for each antigen. The cell pellets were dehyd
rated with alcohol and with propylene oxide. After dehyd
ration, the pellets were embedded in epon at 45°C and at 
60°C for 16 hrs and 8 hrs, respectively. 

Colloidal-gold staining. Ultra-thin sections on 300 
mesh grid were preincubated with 1% BSA-PBS for 5 min 
and incubated, first with each monoclonal antibody diluted 
with 1% BSA-PBS, then with protein A-gold (E. Y Lab. Inc.,) 
diluted with 5% BSA-PBS at the concentration 1 :5, and fin
ally with uranyl acetate. Each incubation period was 30 
mi nutes. 
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RESULTS AND DISCUSSION 

After 32-38 hrs activation, 60% of P3HR-l cells 
expressed EB virus-specific antigens by immunofluorescence 
assay staining with a NPC serum as opposed to less than 1% 
of the non-activated cells. As shown in Fig. 1, optimal 
staining was noted with 1 :200 or 1:400 dilutions of each 
antibody. Dilutions of 1 :50 and 1:100 produced non-speci
fic binding. In case of colloidal-gold staining, optimal 
specific staining was observed with the 1:200 or 1:400 
dilutions of each antibody but at the 1 :50 and 1 :100 
dilution non-specific binding was observed both in the 
cells and outside of the cells. In non-activated cells 
colloidal-gold was not observed at 1:200 or 1:400 dilution 
of each antibody. As shown in Fig. 2, R3-antigens (50-52K) 
were localized both in the nucleoplasm and cytoplasm of 
EA-positive cells, while R63 antigen (85K) was found mainly 
in the cytoplasm (Fig. 3). No staining was detectable in 
nuclear and cytoplasmic membranes, or in viral particles 
with either antibody. Using the post-embedding method of 
staining with colloidal gold did not clearly reveal speci
fic organelles reacting with these monoclonal antibodies. 
Some colloidal gold, however, reacted with chromatin of 
P3HR-l cells in the R3 antibody stained preparations. 
Recently we demonstrated that 50-52 K antigens were DNA 
binding and that the molecular weight of the antigens 
shifted to 60K with time possibly due to phosphorylation. 
These results strongly suggest that 50-52K antigens are 
bound to DNA in vivo. Finally, we have obtained more 
successful reSUlts on EA and VCA localization by using 
immunoperoxidase staining, and these results will be sub
mitted separately. 
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Fig. 2. Ultrastructural localization of the 50-52 K com
ponent of EA-D in P3HR-1 cells by colloidal-gold 
staining. X 12500. 



Fig. 3. 
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Ultrastructural localization of the 85K EA-R 
component in P3HR-l cells by colloidal-gold 
staining. X 12500. 



Fig. 4. 
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Ultrastructural localization of the 50-52 K 
protein in osmic acid treated P3HR-l cells by 
colloidal-gold staining. Arrow shows colloidal
gold reacting with chromatin. X 10000. 
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SUMMARY 

nnmunoprecipitation of Epstein-Barr virus specified 
proteins with various sera from normal adults, patients 
with fresh infectious mononucleosis or nasopharyngeal 
carcinoma can be used to identify those EBV proteins, 
antibodies against which are relevant for the 
characterization of the immune status and diagnosis of a 
particular disease. Some of these antigens have been 
localized on the Epstein-Barr virus genome by hybrid 
selected translation. With the use of sequence data, these 
genes can be subcloned from EBV-DNA and expressed in 
procaryotic cells. Data on the expression are presented 
and the application of the described methods for the 
production of diagnostic reagents and vaccines is 
discussed. 

INTRODUCTION 

The first suggestive evidence that Epstein-Barr Virus 
might be causally related to nasopharyngeal carcinoma and 
African Burkitt'S Lymphoma was derived from serological 
data. (For review, see Epstein and Achong 1979). Using 
mainly indirect immunofluorescence on cells producing 
virus or at least early viral genes, significantly higher 
antibody titers to these antigens were found in patients 
sera. Although helpful for the establishment of a 
relationship between EBV and these diseases, these first 
tests (which detected unspecified immunoglobulin classes 
against a group of proteins named Early Antigen (EA) and 
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another group of proteins named Virus Capsid Antigens 
(VCA)) were of limited value for definite diagnosis of the 
malignancies from a single serum. Additionally they could 
not be used for the control of therapy. Furthermore, the 
preparation of antigens and the evaluation of tests was 
not easy and restricted the diagnostic procedure to a 
limited number of laboratories. 
The introduction of antigen and antibody class specific 
tests, specifically the determination of peripheral IgA 
antibodies for the two antigen families EA and VCA and 
also the first attempts to subdivide at least the 
EA-familr (EA D or R, Henle et al 1971), achieved 
remarkab e improvements of the diagnostic and prognostic 
value of the tests. However, the test systems did not 
allow automatic reading and thus did not favour mass 
testing. Attempts to develop ELISA tests from the lysates 
of antigen producing cells were made, however these tests 
suffer from variable degrees of unspecificity due to 
contaminating cellular materials that cannot be eliminated 
using economic procedures. Monoclonal antibodies can be 
used to prepare highly purified antigens and overcome the 
problems of unspecificity and increase the diagnostic 
resolution. Because EBV does not effectively replicate in 
tissue culture this procedure still is very expensive. 
Genetic engineering seems to offer a way out. 

MATERIALS AND METHODS 

The procedures for tissue culture, labelling of cells, 
immune precipitation and hybrid selected translation are 
detailed elsewhere (Bayliss and Wolf 1981, Bayliss et al 
1983; Seibl and Wolf in press) 

Cloning of viral DNA for expression 
DNA of a plasmid containing the desired reading frame plus 
additional viral sequences in pBR 322 (Skare) was digested 
with restriction enzymes and separated on agarose gels. 
The desired bands were electroeluted, purified through 
Elutip columns (Schleicher & Schuell) and cloned with 
standard procedures into the selected vectors: pUC8 and 
pUC9, (Messing et al 1982) and pUR228 (Ruetheretal 
1983). Strains Jf.B3 and BMH 71-18 of E. coli were 
transfected with standard procedures and the clones with 
inserts were tested in rapid lysis assays, using 
appropriate restriction enzymes for the orientation of the 
insert relative to the plasmid. Clones with correct 
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orientation and reading frame were grown, induced with 
IPTG (1mM) and incubated for another 1 1/2 hours. The 
bacterial proteins were separated on reducing SDS 
polyacrylamide gels. 

RESULTS 

Finding antigens important for diagnosis 
Using immunoprecipitation, we have shown that EA and VCA 
are not one antigen, but that both consist of several 
polypeptides (Fig 1). We have used this technique to test 
sera for the presence of antibodies to specific proteins. 
The results are shown in Fig. 2. Whereas IgG antibodies 
very early after infection are not very dominant, we were 
able to show that antibodies to p150 and p143 are 
invariably present in healthy individuals after primary 
contact to EBV even after years and in NPC patients. 
Antibodies to p138 were regularly present with high titers 
in sera from NPC patients and only in reduced titers 
present in most of the other sera. For this reason, we 
labelled this antigen as relevant for primary screening 
for NPC. 
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Raji cells were ~~perinfected with P3HR1 virus. Cells were 
labeled with S-methionine from 12-16 hours post 
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infection and immuneprecipitated with sera from different 
patients. The proteins were analysed on polyacrylamide 
gels • 
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Figure 2: 
Different patients sera were tested by immunoprecipitation 
with superinfected Raj i cells as in Fig. 1. Antibodies 
against p 150 and p 143 can be used as indicators of the 
immune status of the patients. Antibodies against p 138 
are regularly found in sera from NPC patients and are 
therefore suitable for the first serological screening of 
sera. 

Localizing antigens on the EBV genome 
Using cloned viral DNA immobilized on nitrocellulose 
filter mRNA which was originally transcribed from the 
particular segment of the genome can be selected. This 
mRNA can be eluted, translated in vitro and the 
translation products analysed on polyacrylamide gels. This 
procedure allowed the physical mapping of viral primary 
translation products on the viral genome (Hummel and Kieff 
1982; Cohen et al 1984; Seibl and \tIlf in press). The 
proteins p15O, p143, p138 and p90 were found to correspond 
to primary translation products of the same size (Seibl 
and \tIlf in press) and could therefore be mapped on the 
genome. A monoclonal antibody against p150 confirmed this 
finding (Jilg et al in prep). The protein p54 was shown to 
be processed from a precurser of 47kd using a monoclonal 
antibody and mapped to the 8amH1 M fragment (Pearson et al 
1983). p54 and p90 were identified to be a component of 
EA-R and EA-D respectively by monoclonal antibodies 
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against these proteins (Pearson et al 1983). The 
unprocessed precursers of the glycoproteins 350kd /250kd 
were identified with a specific antiserum and could 
consequently be mapped on the genome (Edson and 
Thorley-Lawson 1983; Hummel et al 1984). EBNA and possibly 
LYDMA were also mapped on the genome (Kieff et al this 
issue). The EBV-specific DNA-polymerase was local ized on 
the genome by sequence comparison with HSV (Baer et al 
1984). p138 has been identified as an analog to an 
immediate early protein of HSV (Jep8. McGeoch. Seibl and 
Wolf unpublished) with similar approaches. 
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Figure 3: 
Map location of important EBV-proteins on the EBV-genome 
relative to a Bam H 1 restriction map. 

Expression of viral information in procaryotes 
Initially. we attempted to express a large segment of the 
gene coding for p138 in several bacterial expression 
vectors. These attempts were partially successful. however 
the yield of p 138 was small due to its large size and to 
its degradation by bacteri al proteases (data not shown). 
Therefore. we decided to dissect the gene coding for this 
antigen. We assumed that there might be a few antigenic 
epitopes and that these could be identified in the 
products of the recombinant hosts. Fig. 4 shows computer 
graphics which give a suggested secondary structure of the 
protein on the basis of the algorithms derived by Chou and 
Fasman (1974). Superimposed on the suggested structure are 
the hydrophilic (dark circles) and hydrophobic (light 
circles) values of the respective area (average 
calculation of 5 neighbouring amino acids). 
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Figure 4: 
Computer plot of a Chou-Fasman calculation of the p 138 
secondary structure. Additionally, the hydrophobiC (light 
circles) and hydrophilic (dark circles) regions are 
indicated. 
Antigenic sites can be expected in hydrophilic regions 
with a B-turn. This situation is given in the p 600 region 
and at the COOH-terminus of the protein. 

Based on these graphics, amino acid sequences near amino 
acid position 520 and at the COOH-terminus of p 138 should 
be antigenic and therefore recognizable by NPC sera. To 
test this hypotheSiS, we dissected the viral p 138 coding 
region into small segments (200 to 750 bp) and cloned them 
into the expression vector pUR288 following the 
B-galactosidase reading frame. The resulting products are 
fusion proteins with the large B-galactosidase (116 kD) 
and the respecti ve region of p 138 (fig. 4). These 
proteins are stable due to the large bacterial protein 
fused to them. Electrophoretic transfer of proteins from 
bacterial lysates separated on SDS polyacrylamid gels onto 
nitrocellulose membranes (western blot) allowed the 
detection of the antigeniC fragments of p 138 (fig. 5b). 
O1ly two of them, P600 and P540, are antigenic. This is in 
good . accord with the prediction based on considerations of 
the structural and hydrophobiC properties of the primary 
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a. A coomassie brilliant blue-stained SOS polyacrylamide 
slab gel analysis of lysates of 1PTG induced bacteria 
carrying the various plasmids. Fusion proteins with 
molecular weights between 120 and 150 kO are indicated 
with a closed circle. Track M:molecular weight markers. 
Tracks pUR400-pUR540 lysates of bacteria carrying plasmids 
containing the regions of p138 as shown in fig. 3. 

b. An enzyme-linked immuno assay of proteins transferred 
from a gel (similar to that shown in panel a) onto 
nitrocellulose paper. After electrophoretic transfer of 
the proteins (Western blot) and saturation of the blot 
with BSA a pool of high titer antiserum was applied. After 
washing the bound immunoglobulins were visualized by 
sequential reaction with peroxidase coupled to antibodies 
against human 19G and diaminobenzidine. Only fusion 
proteins from bacteria containing pUR600 and pUR540 show 
specific reactions. Plasmid pUC 635 contains almost the 
entire p138 coding region fused to only 60 amino acids of 
the B-galactosidase. however the protein is unstable and 
is rapidly degraded. pUC 8 is the negative control for 
this track containing the vector plasmid free from EBV 
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derived sequences. 

The p600 but not the p540 region could be expressed after 
cloning in plasmid pUC 8, the resulting protein has only a 
small portion of the bacterial B-galactosidase (fig 5 c). 
It is probable that the large B-galactosidase fragment in 
pUR 288 product protects the eucaryotic peptide from 
bacterial protease degradation. For successful expression 
of a eucaryotic antigenic determinant without a large 
bacterial protein fused to it two conditions must be 
fulfilled. Firstly the antigenic site has to be determined 
and secondly this site and its surrounding amino acids 
have to form a structure which is resistant to attack by 
bacterial proteases. 

DISCUSSION 

We have developed a powerful strategy to produce viral 
antigens which might be almost as fast, and more reliable 
than the synthesis of oligopeptides. The advantage of this 
procedure is that the products are less vulnerable to 
rapid changes of antigenicity with minor variations in the 
length of the product. The same approaches and computer 
programs which are used to predict antigenic determinants 
for peptide synthesis allow us to select those clones 
which will probably yield antigenic products. Although the 
construction of the clones is restricted to specialized 
laboratories, the preparation of antigens from established 
recombinant bacteria should be very inexpensive and it 
should be possible to do this in developing countries. It 
can be expected that highly specific products allow 
cheaper, more widely usable and standardizeable diagnostic 
tests, which will also have an increased diagnostic value, 
especially in conjunction with antibody class specific 
test protocols. A similar approach to the development of 
clones expressing antigens suitable for use in vaccines 
should also be of value. This would involve the 
identification of regions of proteins with the known 
potential to induce neutralizing antibodies and their 
subsequent cloning in the vectors described above. 
Polypeptides containing not only oligopeptides as 
antigenic sites but including flanking sequences may have 
advantages over in vitro synthesized shorter oligopeptides 
which frequently elicit weak immune responses even when 
used in combination with strong adjuvants. 
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SUMMARY 

Using the protein immunoblot technique, the Epstein
Barr virus (EBV) nuclear antigen (EBNA) was identified in 
a variety of EBV genome-positive cell lines. The antigen 
portrayed a molecular weight of between 70,000 and 75,000 
daltons depending on the cell line examined. When a 
similar immunoblot was performed, employing sera from 
patients with rheumatoid arthritis, a number of antigens 
in addition to EBNA were identified. The most prominent 
of these antigens exhibited molecular weights of 92,000 
and 110-115,000 daltons. Unlike EBNA, the 92,000 dalton 
protein maintained the same molecular weight in each of 
the cell lines in which it was present. The 92,000 
dalton protein was present in all of the EBV genome
positive cell lines except QIMR-GOR and lines carrying 
the P3HR-1 virus. 

INTRODUCTION 

During the course of a permissive infection of B
lymphocytes by Epstein-Barr virus (EBV), a number of 
viral-induced antigens can be detected. These antigens 
were originally defined by immunofluorescence procedures 
and have been termed viral capsid antigens (VCA), 



496 

membrane antigens (MA), early antigens (EA) and EBV 
nuclear antigens (EBNA) (Thorley-Lawson et al., 1982). 
However, in the case of a nonpermissive infection of 
cells, resulting in transformation, only EBNA can be 
directly observed. The presence of EBNA in cells early 
after EBV infection and prior to cellular DNA synthesis, 
as well as its association with the chromatin, suggest 
that it may play an essential role in the transformation 
event. Recent reports, however, have indicated that 
additional EBV-induced antigens may be expressed in EBV
transformed lymphocytes. Spelsberg et al. (1982) 
presented evidence for the existence of two distinct EBNA 
components in NC 17 cells while Strnad et al. (1981) noted 
the presence of an additional 81,000 dalton antigen in 
B95-8 and Raji cells. Hennessy and Kieff (1983) also 
observed a similar antigen in a variety of EBV
transformed cell lines. Using the immunoblot technique 
and by employing sera from patients with rheumatoid 
arthritis (RA) we have identified the presence of at 
least three new, EBV-induced antigens in EBV-transformed 
cell lines. 

METHODS 

Cell lines and growth conditions, as well as a 
description of the sera used in this study, are described 
by Sculley et al. (1984 b). 

Immunoblot 

The procedure used was essentially as described by 
Burnette (1981), with modifications. The SDS gel was 
incubated in transfer buffer (20mM Tris base, 150mM 
glycine, 20% methanol) for 20 min. A sheet of Whatman 
3mm paper was placed under the gel and the nitrocellulose 
sheet on top of the gel while it was still under 
solution, to prevent air bubbles being trapped next to 
the gel. The sandwich ' was removed from the buffer and 
excess liquid caught between the nitrocellulose and gel 
eased off (if left, the liquid can cause streaking of 
protein during transfer). A pre-wetted sheet of Whatman 
3mm paper was placed on top of the nitrocellulose and the 
whole thing placed between two Scotch Brite pads, then 
into a commercial transfer apparatus. Electrophoretic 
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transfer was performed at 18V for 16h at 40C in transfer 
buffer containing 0.05% SOS. After transfer the 
nitrocellulose sheet was incubated in 3% BSA, PBS, 0.05% 
Tween-20 at RT for 90min, then in sera, diluted 1:20 in 
3% BSA, PBS, Tween-2~, for 60min at RT. The 
nitrocellulose was then washed four times for 5min each 
time in PBS-Tween-20, followeg by a 60min incubation in 
iodinated protein A (1.0 x 10 cpm per ml)at RT, then a 
final wash, four times for 5min each, in PBS-Tween-20. 
The nitrocellulose was then blotted dry between paper 
towels and exposed to X-ray film overnight at -70 C. 

All of the solutions contained sod~um 
could be used repeatedly if stored at 4 C. 
solution could be reused, as l6ng as fresh 
added each time. 

RESULTS 

azide and 
The protein A 

protein A was 

Oetection of EBNA by Immunoblot 

SOS extracts were prepared from each of the cell 
lines shown in Table 1. Proteins in these extracts were 
electrophoresed on 10% polyacrylamide-SOS gels, then 
transferred to nitrocellulose papers and the papers 
incubated with either anti-EBNA positive or anti-EBNA 
negative sera obtained from clinically normal 
individuals. The result obtained with an anti-EBNA 
positive serum is shown in Figure 1, and is 
representative of all the anti-EBNA positive sera used. 
One major antigen was detected in each of the EBV genome
positive cell lines. The antigens were not detected in 
EBV genome-negative lines, nor were they identified by 
any EBV seronegative sera. That these antigens 
were only detected with sera containing antibodies to 
EBNA, as well as their molecular weights and size 
variation in different cell lines, are consistent with 
previous reports (Hennessy and Kieff, 1983; Sculley et 
al., 1983; 1984a; Strnad et al., 1981) indicating that 
they represent EBNA. 

The molecular weight of EBNA was dependent upon the 
strain of infecting virus, with the antigen in Raji cells 
portraying a molecular weight of 70,000 daltons, 
and cell lines containing either P3HR-1 or QIMR-WIL virus 
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Table 1. 

* Cell line Infecting virus 

1. B95-8 Hawley 
2. JT QIMR-WIL 
3. Raj i Endogenous 
4. JA QIMR-WIL 
5. BJAB 
6. BK B95-8 B95-8 
7. BK CRUK 1M virus 
8. BJAB B95-8 B95-8 
9. QIMR-GOR Endogenous 
10. QIMR-WIL Endogenous 
11. P3HR-1 Endogenous 
12. AW-Ramos P3HR-1 
13. EHRB-Ramos P3HR-1 
14. Ramos 

* Cell lines are listed in the order in which they appear 
in Figures 1 and 2. 

expressing 73,000 dalton proteins. CRUK and QIMR-GOR 
viruses caused expression of 71,000 dalton EBNAs while 
the B95-8 strain of EBV induced a 75,000 dalton EBNA. 

Detection of EBV-induced Antigens with Rheumatoid 
Arthr it is Sera 

An identical transfer to the one shown in Figure 1 
was incubated with sera from individuals diagnosed as 
having rheumatoid arthritis (Figure 2). The rheumatoid 
sera reacted with a number of antigens in addition to 
EBNA, the most prominent of these antigens having 
molecular weights of 92,000, 110,000 and 115,000 daltons. 
None of these additional antigens were present in the two 
EBV genome-negative cell lines, BJAB or Ramos. Nor were 
they detected with EBV seronegative sera, regardless of 
whether they were from rheumatoid patients or controls, 
indicating that the antigens were EBV-specific. Unlike 
EBNA, the 92,000 dalton antigen exhibited a consistent 
molecular weight in each of the cell lines in which it 
was present. Likewise the 110-115,000 dalton antigens 
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Figure 1. Detection of EBNA in different cell lines by 
protein immunoblotwith sera from clinically normal 
individuals. Each of the cell lines, as well as their 
order, are listed in Table 1. (Sculley et al., 1984, 
reprinted with permission). 

appeared to maintain consistent molecular weights in each 
of the cell lines in which the 92,000 dalton protein was 
present. The 92,000 dalton protein was absent from QIMR
GOR and cell lines containing the P3HR-1 strain of EBV, 
and the 110-115,000 dalton antigens were either 
undetectable in these lines or their molecular weights 
were altered. 

A large number of low molecular weight antigens were 
also detected by the rheumatoid sera, particularly in 
QIMR-WIL, QIMR-GOR and P3HR-1 cell lines. As these lines 
are virus producers and the sera used contained anti-EA 
and anti-VCA antibodies, these proteins probably 
represent EA and VCA components. Some, apparently virus 
strain-specific, antigens were also noted in cell lines 
containing either QIMR-WIL or CRUK viruses. 
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Figure 2. Detection of EBV-induced antigens in different 
cell lines by protein immunoblot with sera from patients 
with rheumatoid arthritis (Sculley et al., 1984,reprinted 



~1 

with permission). 

DISCUSSION 

During initial attempts to identify additional EBV
induced antigens in EBV genome-positive cell lines, a 
number of inconsistencies were encountered. Sera would 
often react with the 92,000 dalton antigen in one 
immunoblot but not in subsequent immunoblots. These 
inconsistencies were overcome by modifying the procedure 
to include 0.05% SDS in the transfer buffer and to block 
the nitrocellulose sheets with BSA, then incubate with 
sera, immediately the transfer was completed. The SDS 
presumably facilitates transfer of the antigen onto the 
nitrocellulose paper, while immediate blocking and 
incubation with sera were found necessary when it was 
discovered that the 92,000 dalton antigen could not be 
detected on nitrocellulose left in PBS overnight. 
Similarly, incubation of the nitrocellulose with BSA, 
anbibody and protein A at room temperature rather than 
37 C increased reaction with the 92,000 dalton antigen. 
Apparently the 92,000 dalton antigen does not bind well 
to the nitrocellulose and prolonged incubation in PBS is 
sufficient to remove the antigen; this loss is probably 
enhanced if the PBS contains detergent. Similarly, 
incubation of the nitrocellulose at elevated temperatures 
could increase the rate at which the antigen is removed. 

The 92,000 and 110-115,000 dalton antigens were 
detected with 15 of 21 sera from patients with rheumatoid 
arthritis but only 1 of 8 sera from clinically normal 
individuals. Reaction with these antigens showed no 
correlation with the presence of anti-EBNA, anti-VCA or 
anti-EA antibodies in sera. Further evidence that the 
92,000 dalton antigen was not related to VCA or EA 
components stems from the fact that the 92,000 dalton 
antigen was not present in the QIMR-GOR or P3HR-1 cell 
lines, both of which produce VCA and EA. 

The 92,000 dalton antigen was present in all of the 
EBV genome-positive cell lines except QIMR-GOR and all 
lines containing the P3HR-1 virus. The absence of the 
antigen in lines carrying the nontransforming P3HR-1 
virus suggests that it may be associated with the 
tranformation process. The QIMR-GOR cell line contained 
a transforming strain of EBV at one stage (Pope et al., 
1969), but recent attempts to transform B-lymphocytes 
with the virus have failed, suggesting that the virus may 
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have lost transforming ability (unpublished results). If 
expression of the 92,000 dalton protein by EBV is 
eventually found to be required to either initiate or 
maintain the transformed state, then the present results 
suggest that other virus strains similar to P3HR-1 may 
exist. The present technique of assaying EBV measures 
the transforming ability of the virus, and any strains 
that may infect lymphocytes but remain in a latent state 
would not be detected. 

Antigens similar to the 92,000 dalton protein have 
been identified by Strnad et al. (1981) and Hennessy and 
Kieff (1983). These antigens, though having reported 
molecular weights of 81,000 and 82,000 daltons 
respectively, show characteristics analagous to the 
92,000 dalton protein. The antigens were found to have a 
consistent molecular weight in each of the cell lines in 
which they were present, and were only identified by 
select sera. The differences in molecular weight between 
these antigens and the 92,000 dalton protein may result 
from variations in sample preparation, electrophoresis 
conditions or molecular weights standards used. 
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Many attempts to produce human monoclonal antibodies 
have been made since the early mouse hybridoma work of 
Kohler and Milstein (1975). Human myeloma cell lines have 
been established in culture only rarely, Olsson and Kaplan 
(1980) and Croce et al (1980) were the first to get stable 
human hybridomas secreting human monoclonal antibodies with 
defined specificity. Yet, it has been known for years that 
infection of human B cells in vitro with EBV yields lympho
blastoid cell lines producing immunoglobulins (Rosen et al, 
1977). Steinitz and co-workers (1977) were the first to 
apply this technique to obtain human antibodies of pre
determined specificity. We report here the establishment 
of different cell lines resulting from EBV transformation 
that produce monoclonal Ig: anti-Plasmodium falciparum, 
anti-herpes simplex virus, anti-Rhesus D and anti-thyro
globulin. 

MATERIALS AND METHODS 

Leukocyte donors: Lymphocytes were obtained mostly from 
naturally hyper immune donors (in particular for Plasmodium 
falciparum, herpes simplex virus and thyroglobulin). 
Nevertheless, in one case, for the antibody against Rhesus 
D antigen, the donor was voluntarily immunized and reimmu
nized with D antigen. 



Separation of mononuclear cells:- Peripheral blood mono
nuclear cells were separated on a Ficoll-Hypaque gradient 
and washed in Hank's solution. 

Enrichment of producing B cells: Some lymphocytes are 
directly infected with EBV, but when it is possible, 
lymphocytes producing antibodies were enriched by 
rosetting. B cells from reimmunized Rhesus D donors, at a 
concentration of 107 c/ml, were mixed with equal volumes of 
papain-treated D red blood cells. The rosetted cells were 
recovered before infection. The thyroglobulin antibody
producing B cells were rosetted with erythrocytes coated 
with purified thyroglobulin by the chromid chloride method. 

EB virus infection: Cells were pelleted and resuspended in 
the supernatant culture medium of B95-8 cell line. 

Immortalization: EBV-infected cells were cultured in RPMI 
1640 medium containing penicillin, streptomycin (100 
IU/ml), glutamine (2 mm/l) and 20% of fetal calf serum. 
They were directly subcloned in 384 plates (Greiner), 
treated or untreated with Cyclosporin A (0.1 ~g/ml). 

RESULTS 

Plasmodium falciparum: With hyper immune subjects for 
Plasmodium falciparum, but without any disease, we obtained 
5 different cell lines from 5 patients: B 38, B 39, B 4, 
B 11 and B 18. The antibodies produced by these cell lines 
were detected by immunofluorescence on human erythrocytes 
infected by Plasmodium falciparum from malaria patients. 
The different monoclonal antibodies recognized the tropho
zoite stage, but showed different patterns of immuno
fluorescence. B 38 and B 39 gave a particular trophozoite 
staining with large patches. B 4 and B 11 reacted strongly 
with the ring form of the parasite and B 18 produced a 
distinct patching staining pattern at the parasitized red 
blood cell (RBC) level. No anti-RBC reac~!vity was seen on 
normal RBC. An immunoprecipitation with S-labeled 
parasitized human RBC and electrophoresis on SDS poly
acrylamide gel showed that B4 recognized a protein with a 
molecular weight of 66 K, B 11 one with 240 K m.w., B 18 
one with 115 K m.w. and B 39 one with 96 K m.w. For B 38, 
we could not identify a protein. All these molecular 
weights correspond to know proteins of Plasmodium 
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falciparum. B 38 and B 39 are IgM A while B4, B 11 and 
B 18 are IgG A and K. They all produce 1 to 5 ~g/ml of Ig. 

Herpes simplex I and II: With hyperimmune subjects for 
herpes simplex, we obtained three different cell lines from 
three patients: RIP, ABD, Ly 131. Antibodies produced by 
these cell lines were tested by ELISA test and by IF. Pro
teins that they recognized were identified by immuno
precipitation monoclonal antibodies 35S-labeled Hep cell 
lines infected with HSV-I or HSV-II and electrophoresis on 
SDS polyacrylamide gel. RIP recognized a glycoprotein with 
a molecular weight of 53 K, named gD, ABD the same glyco
protein gD and weakly a glycoprotein with a molecular 
weight of 110 K, named gB. Ly 131 identified the gB. RIP 
and ABD secreted one IgGl K with a production of 15 to 20 
~g/ml and Ly 131 one IgGl A with a production of 4 to 5 
~g/m1. 

Rhesus D: Lymphocytes were obtained from a Rhesus-negative 
blood donor who had been immunized and reimmunized with D 
antigen. We obtained two different cell lines from the 
same donor: CO 8.8 and CO 7.12. These two clones secreted 
IgGl A. CO 8.8 produced 15 to 20 ~g/ml of I~ and CO 7.12 
5 to 10 ~g/ml. By immunoprecipitation of 12 I-membrane
labeled erythrocytes and by electrophoresis on SDS poly
acrylamide gel, we saw that only the clone CO 7.12 recog
nized a protein with a molecular weight of 29 K. 

Thyroglobulin: Lymphocytes were obtained from patients 
with autoimmune diseases (Basedow disease). One cell line 
was obtained--BA 10.16. It was tested by a competitive 
radioimmunoassay (RIA) with 125I-labeled thyroglobulin. 
This clone secreted IgG K with a production of 5 ~g/ml. 

DISCUSSION 

Human monoclonal antibodies have advantages over the 
conventional murine antibodies. For gammaglobulin therapy, 
many patients develop antibody response to the mouse Ig 
which prevents effective treatment. For parasitic 
diseases, such as malaria, in which vaccination is con
sidered as primordial, human monoclonal antibodies against 
Plasmodium falciparum may provide a more direct identifi
cation than murine monoclonals of different derived epi
topes important for immunity and can be used in some cases 
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for passive protection (Monjour et aI, 1983; Lungden et aI, 
1983). HSV-I and HSV-II monoclonal antibodies may be used 
for identification of the different glycoproteins of the 
viruses and in the future for immunization of immuno
deficient patients with suitable neutralizing antibodies 
(Seigneurin et aI, 1983). For Rhesus D, the monoclonal 
CO 8.8 is now produced in large volume in fermenters with 
synthetic media and this monoclonal is currently used as 
red blood cell typing reagent. The antibody reacted 
strongly with all D positive cells and even with Du cells. 
One clone recognized a protein band with a molecular weight 
of 29 K and will permit a clearer understanding of the 
molecular structure of the Rhesus D. This monoclonal anti
body is being considered for in vivo use in man to prevent 
Rhesus disease of the newborn as previously described 
(Crawford et ai, 1983). For the monoclonal antibody 
against thyroglobulin, it will be possible to label this 
monoclonal and use it for immunoscintigraphy, as a probe in 
the investigation of autoimmune thyroid disease. This work 
is now in progress. The usefulness of the EBV transforma
tion technique for the establishment of human thyroid lines 
secreting monoclonal antibodies, at the same level of 
production as obtained with murine hybridomas, is now 
established. It is also possible to produce these mono
clonals in large volume with fermenters and at low cost 
with synthetic media, to get stable and well defined 
immunologic reagents. 
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INTRODUCTION 

Effective study of cellular immunity to EBV had to 
wait for developments in basic cellular immunology. Once a 
high level of definition was achieved in this area, 
particularly in T cell markers, the recognition of the NK 
system, and the vital role of lymphokines, the stage was 
set for progress. The present paper considers several 
aspects of cellular immunity to EBV, concentrating on ADCC 
and the role of NK cells, while others will consider 
EBV-specific T cell immunity. 

ANTIBODY-DEPENDENT CELLULAR CYTOTOXICITY (ADCC) 

Antibody with specificity to surface markers on target 
cells, though not cytolytic in its own right, may cause 
lysis in the presence of leucocytes. Since EBV-specific 
ADCC was first reported (Pearson and Orr, 1976; 
Jondal,1976), it has been explored with regard to the viral 
antigens involved and to the clinical significance bf the 
reaction. 

The target cells most commonly used in ADCC assays 
have been LCL or BL lines superinfected with EBV (Pearson 
and Orr, 1976). Induction of the viral replication cycle 
was required and the P3HR-1 virus was commonly used. The 
B95-8 virus was found effective by some (Patel and Menezes, 
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1982) but not others (Patarroyo et al., 1980). A strong 
association of an ADCC reaction-;it~the presence in human 
sera of antibody to MA was reported (Pearson and Orr,1976; 
Takaki et al.,1980), and only targets expressing MA were 
susceptible (Aya et al., 1980). Analysis suggested that of 
the several known forms of MA the late form was important 
in ADCC (Takaki et al.,1980). Induction of the viral cycle 
in EBV genome-positive BL or LCL by butyrate also conferred 
similar sensitivity to ADCC (Patarroyo et al.,1980). 
Differences in cells transformed by different strains of 
EBV have been documented (Katsuki and Hinuma, 1975), and 
Sairenji et al.(1982) noted differences in susceptibility 
to ADCC. Fine antigenic variations also may be 
strain-related (Edson and Thorley-Lawson, 1981; 
Mueller-Lantzsch and zur Hausen, 1981; Franklin et 
al.,1981). 

The MA complex has been intensively studied. Qualtiere 
and Pearson (1979) and North et al.(1980) used human sera 
to precipitate surface-labeled:proteins of super-infected 
Raji cells, and detected four major EBV-specific surface 
glycoproteins and one non-glycosylated protein. 
Thorley-Lawson and Edson (1979) found that an EBV 
hyper immune rabbit antiserum precipitated three major 
polypeptides. Hoffman et al.(1980) showed that a 250K 
glycoprotein was a MA constituent and a determinant 
involved in virus neutralization. MA appears to be a 
complex of gp350/300, gp250/200, p140, and gp85, and the 
availability of the DNA sequence of the B95-8 strain will 
contribute to definitive studies (Baer et al., 1984). The 
EBV-related determinant of specific T cell lysis, referred 
to as LYDMA (Jondal, 1976), appears distinct from MA 
detected serologically. 

As ADCC reactions involve targets, effector cells and 
antibody, there are multiple variants in each experiment. 
Some have approached this by using a single sample of human 
serum or by analysing the results of replicate experiments. 
A major analysis was attempted by Takasugi et al.(1982) 
allowing for targets, effectors and sera. Analyses showed 
selective lysis of targets by ADCC and NK effectors, and 
variations in the efficiency of different effectors as well 
as the expected serum variation in ADCC titre. 

Sera from normal sero-positive persons had ADCC 
activity (Jondal, 1976), and others have titrated antibody 
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reacting in ADCC, in sera of patients with various 
diseases. This will be considered later. 

NATURAL KILLER CELLS (NK) AND ACTIVATED T CELLS 

It is possible to refer only to aspects of NK cell 
biology immediately relevant to EBV. The nonspecific lysis 
shown by NK cells made their study complex. Earlier 
problems in this field are being reduced by the 
identification of NK cells as the set of large granular 
lymphocytes, by the availability of monoclonal antibodies 
to surface markers, by the recognition of the activation of 
NK cells by interferon (IFN), and by the progress made 
towards an understanding of the mechanisms involved in NK 
cell killing. 

An interesting aspect of NK cells in relation to EBV 
is the increased sensitivity of cell lines super-infected 
with EBV. Blazar et al.(1983) showed that active cellular 
metabolism, producing new surface determinants, was 
required for EBV-infected Raji cells to develop maximum 
sensitivity to NK cell lysis. The evidence of Patarroya et 
al.(1982) indicates that these molecules are probably 
distinct from the classical serologically-defined EBV 
antigens, and the determinants involved in NK and ADCC 
lysis were distinct. Recent work suggests that the 
increased sensitivity of EBV-infected Raji cells was 
mediated through IFN production during the cytotoxicity 
test (Blazar et al., 1984). 

In short-term cytotoxicity tests, target cell lines 
show a range of sensitivity to lysis by NK cells, from the 
sensitive K-562 and HSB-2 through to the resistant LCL and 
some BL lines. Masucci et al.(1983) found that separated 
large granular cells (major NK cell population) inhibited 
outgrowth of the autologous LCL, and concluded that this 
early effect complements lysis by EBV-specific cytotoxic T 
cells. Specific T cells effectively eradicate autologous 
LCL in vitro, while in cultures from seronegative donors NK 
cells do not. 

An exciting discovery is that NK cell killing involves 
an extracellular cytotoxic factor mediating lysis (Wright 
et al., 1983). Increased understanding of the biology of NK 
cells may eventually allow their manipulation in vivo for 



514 

disease control. Enhancement 
staphylococcus enterotoxin A 
point in this direction. 

of NK activity by IFN or by 
(Kimber et al.,1983) also 

The definition of natural or spontaneous killer cells 
on the basis of lysis of appropriate targets by effector 
cells freshly obtained from the peripheral blood may not be 
as satisfactory as one based on specific cell markers. An 
important question arises concerning the nature of effector 
cells generated in culture over a week or so, and E. Klein 
has strongly advocated the use of the term activated T 
cells. Masucci et al. (1980) concluded that the cells 
appearing in culture in response to a variety of stimuli 
(cells, fetal calf serum (FCS) or mitogen) were related to 
a blast response and were distinct from classical NK cells 
in terms of target cell specificity. IFN activates NK cells 
and Patarroyo et al. (1983) found that brief IFN treatment 
of lymphocytes enhanced their lysis of allogeneic LCL as 
well as of a standard NK-sensitive target (Molt-4). The 
non-restricted suppression of LCL outgrowth recorded by 
Schooley et al.(1981) also may have involved activated T 
cells. As activating factors such as IFN operate during 
stimulation of lymphocytes in vitro, it will be vital to 
specifically identify the activat~cells by markers, and 
use clonal analysis for a comparison with NK cells. 

OTHER ASPECTS OF CELLULAR IMMUNITY 

The value of studies of EBV-specific delayed 
hypersensitivity may have suffered from the unavailability 
of pure antigens. The macrophage migration-inhibition test 
has specificity and allows demonstration of EBV-related 
antigens. Recent work suggests the detection of a new 
membrane antigen by this approach (Szigeti et al., 1984). 

It is appropriate to briefly mention here the 
autologous mixed lymphocyte reaction (AMLR). This 
characteristically involves a proliferative response of T 
cells to autologous non-T cells, and there is controversy 
as to whether this response is actually due to foreign 
antigens in the system. Avoidance of FCS and sheep 
erythrocytes reduced the strength of the AMLR (Moody et 
al.,1983), but it is extremely difficult to totally avoid 
xenoantigens in in vitro systems. The term AMLR has 
commonly been extended to include stimulation of 
lymphocytes by the autologous LCL and it has been reported 
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that EBV antigens were not involved in this reaction 
(Weksler,1976). However, a recent study has emphasized that 
the response to stimulation by the autologous LCL depends 
on the EBV serological status of the donor, and therefore 
may be viewed as an EBV-specific response rather than as a 
form of AMLR (Misko et al.,1984). 

Yet another aspect whose full significance may not yet 
have been realized concerns inhibition of outgrowth of 
EBV-infected B cells by various sub-populations of T cells. 
Several studies have demonstrated such inhibition which may 
be mediated by NK cells (Shope and Kaplan, 1979) or IFN 
(Thorley-Lawson, 1980; 1981). Another reversible inhibitory 
effect totally prevented outgrowth of LCL when cells from 
seropositive adults were infected (Moss et al.,1976). 
Although these facets of cellular immunity may not be 
capable of a major role in combatting EBV infection, they 
may significantly delay the primary infection until more 
effective mechanisms come into play. In contrast to these 
results, v.Knebel Doeberitz et al.(1983) found that the 
presence of T cells enhanced the outgrowth of spontaneous 
LCL. 

THE ROLE OF CELLULAR IMMUNITY IN THE CONTROL OF 
EBV ACTIVITY 

Approximately half of the susceptible individuals 
contracting primary infection with EBV develop infectious 
mononucleosis. The factors determining the severity of 
infection are unknown, and will be difficult to define 
because one of the important variables is the infectious 
dose received by each person. Individuals with subclinical 
or severe forms each develop apparently similar persistent 
infections, and this indicates that although the former 
group probably mounts a more effective short-term response 
this is still not capable of totally eradicating the virus. 
Several possible explanations of persistence may be 
considered. One is that infection is maintained in a latent 
form, and this has been suggested by Epstein and Achong 
(1973). The idea of latency is perhaps supported by the 
demonstration of a block in transformation before 
proliferation (Moss et al.,1976). A second possibility is 
that a smouldering infection occurs, with enough cells 
undergoing viral replication to maintain infection. With 
herpesviruses, even high titre antibody is not capable of 
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preventing cell-cell transmission of virus, and immune 
functions (such as ADCC) may not be capable of effectively 
destroying every cell induced into viral replication before 
virus release. A third possibility is that virus persists 
in proliferating transformed cells controlled by the immune 
defenses. There is considerable evidence suggesting that 
EBV-infected cells in peripheral blood (PB) do not behave 
in vitro in a manner expected of transformed cells 
(Rickinson et al.,1974), although there are probably 
significant differences in the biological behaviour of 
transformed cells in vitro and in vivo. Given the gaps in 
our knowledge of viral persistence in vivo, it is difficult 
to evaluate the role of cellular immunity in normal 
persons. However, specific diseases provide some basic 
insights. 

It has been well documented that by many criteria 
cellular immunity in 1M is drastically decreased (Mangi et 
al.,1974), and that suppressor T cells are prominent 
(Tosato et al., 1979). Although the level of proliferation 
of EBV-infected B cells reached in 1M varies quite widely, 
unrestrained proliferation is extremely rare. Certainly, 
some aspects of EBV cellular immunity are defective, and 
Jonda! (1976) found no ADCC activity in sera from patients 
in the acute phase. Although there were several early 
reports of lysis of EBV-infected targets by T cells or 
lymphocytes obtained in the acute phase (Svedmyr and 
Jondal, 1975: Royston et al., 1975), this was difficult to 
reproduce (Klein et al.~981; Patel et al.,1982). A study 
of severe 1M in a family suggested that NK cells might play 
a significant role in recovery (Fleisher et al., 1982). 
Furth~rmore, EBV-specific T cell immunity was markedly 
depressed in the acute and early convalescent phases of 1M 
but then recovered (Rickinson et al., 1980). Future work on 
cellular immune functions in acute 1M will have to take 
into account the recent important demonstration that the 
majority of PB T cells in acute 1M are highly prone to 
death by apoptosis in vitro (Moss et al.,1984). 

NPC has been subjected to the most detailed study with 
regard to ADCC, and important findings have emerged. 
Pearson et al.(1978) reported an association of high ADCC 
titres with a-good response to treatment and survival for 
two years in African cases of NPC. A significant finding 
was the inverse relationship between the tit res of ADCC 
activity and of IgA antibody to VCA. Subsequent analysis of 
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the ADCC reactivity with sera from NPC patients showed that 
the activity resided in the IgG fraction while IgA was 
inactive. However, IgA reacted with the major MA 
components, explaining its capacity to block ADCC (Mathew 
et al., 1981). Presumably, the IgA results in a lower 
effective titre of ADCC activity, in keeping with the 
observed association between low ADCC titres at diagnosis 
and poor prognosis (Neel et al., 1983). IgA was also 
associated with inhibition of-a specific blast response. 
ADCC thus complements the diagnostic usefulness of the 
serological tests for antibody to VCA and EA, and for 
EBV-specific IgA. Less is known of EBV antigen expression 
on the surface of NPC cells, and perhaps this deficiency 
should be redressed. Unless late MA antigens are indeed 
present, the ADCC findings may suggest that a high level of 
EBV replication in other sites enhances progression of the 
tumours. Alternatively, it is conceivable that high ADCC 
titres simply parallel the titres to some other 
hypothetical tumour antigen in NPC. 

In African BL cases ADCC activity was present in sera 
and the titres correlated with the response to 
chemotherapy, suggesting an anti-tumour role for ADCC 
(Pearson et al., 1979). However, ADCC titres did not seem 
to be related to the stage or extent of the disease. A 
comprehensive study of Hodgkin's and non-Hodgkin's lymphoma 
cases with high or low titres of antibody to EBV, revealed 
the complexity and individuality of the immune status and 
showed that EBV infection remained essentially under 
control (Masucci et al., 1984). 

Some of the most persuasive evidence concerning the 
neoplastic potential of EBV-transformed cells and the vital 
role of the immune system in their control, comes from 
experience with transplant patients. Under 
immunosuppression, EBNA-positive lymphomas have proved to 
be relatively common (Hanto et al.,1981). It seems somewhat 
paradoxical, in view of this, that EBV-induced tumours are 
not more widely encountered in other patients who might be 
considered compromised immunologically. 

Abnormal humoral responses to EBV antigens in a 
variety of diseases have long attracted attention. 
Recently, Vilmer et al.(1984) reported some correlations 
between EBV antibody titres and cellular immune functions 
in Wiskott-Aldrich and Chediak-Higashi syndromes and ataxia 
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telangiectasia. In spite of the occasional absence of 
anti-EBNA antibody, deficient mixed lymphocyte response or 
low NK cell activity, none of the patients showed ill 
effects of the virus. Katz et al.(1984) found that the 
defective NK activity in C-H disease (characterized by 
binding to targets but reduced lysis) was augmented to 
normal levels during 1M. Lymphocytes from patients with 
systemic lupus erythematosus were ineffective in ADCC tests 
(Aya et al., 1980). In contrast, in the X-linked 
lymphoproliferative syndrome in which EBV infection is 
unusually severe, Harada et al.(1982) found that both 
EBV-specific cytotoxic T cell activity and NK activity were 
lower than in the mothers and the control groups. In 
acquired immune deficiency syndrome the cellular immune 
functions are seriously impaired through T helper cell 
defects. A variety of viral and other infections are 
activated under these conditions, and although 
Burkitt's-like lymphomas have been reported (Ziegler et 
al., 1982), EBV-transformed cells do not generally show 
unrestrained proliferation. This is curious as infections 
with cytomegalovirus are of major importance and the 
difference may reflect fine differences in immunity to the 
two herpesviruses. 

It is clear that in addition to EBV-specific T cell 
immunity, other arms of cellular immunity play a 
potentially important role in control of the infection, and 
evaluation of their contributions remains an important aim. 
Increased knowledge of EBV cellular immunity will allow 
better evaluation of vaccines when they become available. 
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The Epstein-Barr (EB) virus is the best-known member 
of a particular class of genetically restricted herpesviruses 
which are found in several species of ape and of Old World 
monkey (Deinhardt and Deinhardt, 1979) and which display a 
unique tropism for host cells of the B lymphocyte lineage. 
In each case, virus and host appear to have co-evolved such 
that the natural infection, both in the primary and in the 
persistent phase, remains largely asymptomatic. This is a 
remarkable testament to the efficiency of host control 
mechanisms since these agents clearly have the potential to 
induce uncontrolled proliferation in infected B cells, a 
capacity which is manifest in vitro as the virus-induced 
transformation of such cells into permanent virus genome
positive lymphoblastoid cell lines (Pope, 1979; Rabin et al., 
1978). It seems that an analogous sequence of events can 
occur in vivo but only in very rare circumstances, the 
classic example being the human X-linked lymphoproliferative 
syndrome, where primary EB virus infection of boys with a 
genetically-determined deficiency of cellular immune 
functions leads to a fatal B lymphoproliferative disease 
(Purtilo et al., 1982). 

Such clinical observations, allied to the disturbance 
of the EB virus-host balance which is known to occur in 
patients receiving immunosuppressive therapy for the pro
longation of allografts (Strauch et al., 1974), strongly 
suggest that infections with the B lymphotropic herpes
viruses are under cell-mediated immune control. The very 
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efficiency of this control itself implies the existence of 
a multiplicity of surveillance mechanisms, and direct 
evidence for such multiplicity comes from the analysis of 
cellular responses to EB virus infection in man (see 
articles by Pope and by Menezes in this volume). The pur
pose of the present paper is to focus on those aspects of 
responsiveness which specifically involve the T cell 
system. This necessarily involves reference to the broad 
functional sub-division of T cells into:-

(1) helper/inducer T cells which are involved in the 
initiation and/or amplification of antibody and of effector 
T cell responses; such helper cells are antigen-specific 
and MHC class II antigen-restricted, recognising processed 
antigen on the surface of specialised presenting cells and 
mediating help by the release of soluble factors (inter
leukins) . 

(2) suppressor T cells which are involved in the down
regulation of antibody and of effector T cell responses; 
in many experimental and clinical situations, suppressor 
functions appear to be neither antigen-specific nor MHC 
antigen-restricted. The mechanisms of suppression are not 
understood, although the effect very often appears to be 
mediated at the level of the helper cell. 

(3) cytotoxic T cells are antigenic-specific and predominantly 
MHC class I antigen-restricted, recognising only those cells 
whose membranes display the relevant target structure. 
Functional subdivision into helper and into suppressor/ 
cytotoxic T cell subsets is generally, though not absolutely, 
reflected by differences in cell surface phenotype. 

Primary EB virus infection and the T cell response 

In most communities, primary infection occurs naturally 
during the first few years of life and is almost always 
sub-clinical. Very interestingly, but for reasons which 
are still not clear, a delayed primary infection (as 
happens increasingly in the Western world) leads in up to 
50% of cases to the clinical symptoms of infectious mono
nucleosis (1M) (Henle and Henle, 1979). Primary infection 
occurs, as always, by the oral route and there is growing 
evidence to suggest that the primary site of virus repli
cation is not in B lymphocytes but in pharyngeal and/or 
salivary gland epithelium (Morgan et al., 1979; Sixbey 
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et al., 1984), whence infectious virus is shed into the 
throat. The infection is generalised via non-productively 
infected B cells (Svedmyr et al., 1984) emanating from the 
lympho-epithelial site of virus replication in the pharynx 
and thus EB virus nuclear antigen (EBNA)-positive B cells, 
many activated to immunoglobulin synthesis, are detectable 
in the blood of acute 1M patients (Klein, G. et al., 1976; 
Robinson et al., 1981). 

Most important in the present context is the origin 
of the atypical mononuclear cells which appear in large 
numbers in the blood and in the tissues coincident with the 
onset of clinical symptoms (Svedmyr et al., 1984). Most of 
these cells display T cell markers (with a relative pre
dominance of cells with the suppressor/cytotoxic phenotype 
(Reinhertz et al., 1980)) indicating that the primary 
infection has induced an unusually vigorous T cell res
ponse. This reactive T cell population is complex, perhaps 
more than is currently appreciated, and contains at least 
three functional activities:-

(1) using leukocyte migration inhibition (LM1) as an assay 
for lymphokine production following the appropriate pre
sentation of antigen to immune T cells (Szigeti et al., 
1984a), it can be shown that T cells specific for certain 
EB viral antl.gens associated with the productive infection 
(early antigen, EA; virus capsid antigen, VCA) are present 
in 1M blood, whereas EBNA-specific T cells have not yet 
developed (Szigeti et al., 1982). These in vitro observa
tions seem most likely to reflect reactivities within the 
helper T cell compartment in vivo, and in this context it 
is interesting to note that the anti-viral antibody response 
in acute 1M is itself preferentially directed towards "late" 
viral antigens (Henle et al., 1974). 

(2) 1M blood also contains a potent and broad-ranging 
suppressor T cell activity which can be demonstrated in 
several mitogen-driven helper T cell-dependent activation 
systems in vitro (Haynes et al., 1979; Tosato et al., 1979; 
Reinhertz et al., 1980). The capacity of these same 
suppressor cells to regulate the EB virus-induced (helper 
T cell-independent) activation of immunoglobulin synthesis 
in B cells in vitro remains an important but unresolved 
question (Tosato et al., 1979; Bird and Britton, 1979). 
Certainly conventional suppressor T cells from other sources 
are inactive in the EB virus system (Andersson et al., 1983), 
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reflecting the unique nature of the virus as an activation 
signal. 

(3) a range of cytotoxic reactivities are present in 1M 
blood of which the most interesting is that mediated by 
certain Fcy receptor-negative T cells with apparent 
selectivity for EB virus genome-positive target cells in 
in vitro chromium release assays (Svedmyr and Jondal, 
1975; Royston et al., 1975). Despite much investigation, 
the antigenic specificity of these 1M effector cells 
remains in doubt, but their lack of any obvious MHC restric
tion (Seeley et al., 1981) strongly suggests that they 
represent a particular subset of natural killer (NK) cells 
which are activated in response to viral infection (Klein 
et al., 1981). It seems unlikely that this unusual cyto
toxic response is truly directed towards a virus-coded 
lymphocyte-detected membrane antigen (LYDMA) as was ori
ginally suggested (Klein, E. et al., 1976), although the 
existence of such an antigen is now made clear by other 
lines of evidence (vide infra). 

Clearly the T cell system does have a role to play in 
controlling primary EB virus infection but the polyclonal T 
cell response seen in 1M patients is so diverse that it may 
well contain immunopathological elements, for instance 
suppressor cells which could prevent the induction of 
effective virus-specific T cell responses in vivo. The 
various functional components within 1M T cell populations 
will best be identified once methods for the in vitro pro
pagation and cloning of such cells have been established. 

Recovery from 1M is associated with the restoration of 
a normal blood picture, the disappearance of both the 
suppressor and the cytotoxic T cell activities described 
above, and the establishment of a life-long virus carrier 
state which is indistinguishable from that seen in indi
viduals whose primary infection was sub-clinical. Once 
again the T cell system appears to play a central role in 
host control over EB viral persistence. 

~ersistence EB virus infection and the T cell response 

Two lines of evidence indicate the virus carrier status 
of previously-infected individuals,the presence of infectious 
virus in throat washings of at least some donors (Gerber 
et al., 1972) and the occasional "spontaneous" transformation 
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of cultured leukocytes to EB virus genome-positive lympho
blastoid cell lines (Nilsson et al., 1971). It is now 
clear that virus shedding into the throat, perhaps from 
productively-infected epithelium, is a much more stable 
accompaniment of the virus carrier state than had been 
realised (Yao et aI, submitted) indeed suggesting that the 
site of chronic replication might serve as a reservoir 
continually infecting B cells in transit through the area 
(Moss et al., 1981). 

Whatever the precise mechanism of viral persistence, 
it is clear that virus-B cell interactions are subject to 
strict T cell surveillance in vivo. Again there are several 
elements of the T cell response identifiable in previously
infected individuals:-

(1) the LMI assay not only demonstrates the persistence of 
immune (helper) T cells specific for "late" viral antigens 
but also the existence of helper T cells reactive on the 
one hand with EBNA (Szigeti et al., 1981a) and on the other 
with a virus-induced transformation-associated membrane 
change analogous to, perhaps identical with, LYDMA (Szigeti 
et al., 1981b). Again it is interesting to note that anti
EBNA antibodies are a stable feature of the immune res
ponse to persistent infection as are EBNA-specific helper 
T cells. The recent observation that certain human sera 
are able to block the LMI induced by the transformation
associated membrane antigen suggests that this moiety may 
also be serologically defined (Szigeti et al., 1984b). 

(2) T cells cultured from previously-infected donors can 
affect the virus-induced in vitro transformation of auto
logous B cells in several ways (Rickinson and Moss, 1983), 
some of these effects described in the literature as 
a "suppression" of transformation. This should not be 
interpreted as evidence of a role for classical suppressor 
T cells in this context, for the mechanisms underlying these 
effects are in fact quite different. Thus the "suppression" 
of EBNA induction and of cell proliferation which T cells 
can bring about in the early phase of the transformation 
sequence is a non-immune phenomenon mediated via interferon 
release from non-specifically activated T cells (Thorley
Lawson, 1981). By contrast, the "late suppression" of 
immunoglobulin synthesis reported in virus-infected lympho
cyte cultures (Tosato et al., 1982) is indeed an immune 
phenomenon (i.e. is seen only with virus-immune donors) but 



is almost certainly another manifestation of the virus
specific cytotoxic response described below. 

(3) The existence of EB virus-specific cytotoxic T cell 
precursors (memory T cells) in the blood of all healthy 
previously-infected individuals was first apparent from 
the regression of B cell outgrowth which occurs exclusively 
in cultures of EB virus-infected lymphocytes set up from 
immune donors (Moss et al., 1978). These precursors are 
reactivated in the presence of autologous virus-infected 
B cells to yield effector populations which are MHC 
restricted in their function (Rickinson et al., 1980; 
Misko et al., 1984) and specific for a virus-induced cell 
membrane change which is consistently associated with the 
virus-transformed state; this specific recognition is now 
taken to define the antigen LYDMA (Rickinson et al., 1981). 
The molecular identity of LYDMA, in particular its 
relationship to the three major viral proteins now thought 
to exist in virus-transformed cells (Kieff, 1982; 
Fennewald et al., 1984), remains an issue of central impor
tance; the possibility should not be forgotten that membrane
associated forms of all of these proteins might elicit 
cytotoxic T cell responses. 

The maintenance of virus-specific memory T cells at a 
high frequency in the circulating T cell pool of all 
previously-infected individuals (Rickinson et al., 1981) 
strongly implies an important surveillance function such 
that virus-infected B cells are usually destroyed as soon 
as LYDMA is expressed on the membrane i.e. soon after the 
appearance of EBNA in the nucleus and at the very onset of 
virus-induced B cell proliferation (Moss et al., 1981). 
The development of T cell memory in convalescent 1M patients 
mirrors the appearance of anti-EBNA antibodies; moreover 
patients with immune disfunction who do not mount good 
cellular responses likewise do not generate anti-EBNA 
reactivity (Vimer et al., 1984). This is exactly what 
might be expected if target B cells have to be destroyed 
at an early phase of the infectious cycle in order to release 
EBNA in an immunogenic form. 

It must be remembered that the availability of appro
priate LYDMA-positive stimulator cells has allowed the 
in vitro reactivation and analysis of the above cytotoxic 
response. By contrast, we know very little if anything 
about analogous cytotoxic responses which may be directed 
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towards productively-infected cells via antigens expressed 
late in the infectious cycle. The use of cloned viral genes 
in DNA transfection studies should provide the relevant 
stimulator and target cells with which to pursue these 
issues more fully. The realisation that chronic virus 
replication, perhaps in some specialised epithelial site, 
may be central rather than peripheral to maintenance of 
the virus carrier state adds a further, largely unexplored, 
dimension to the question of T cell responses and EB virus 
infection. 
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EPSTEIN-BARR VIRUS AND IMMUNOSUPPRESSION 

Jos~ Menezes and Syam K. Sundar 
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INTRODUCTION 

Immunosuppression has been increasingly recognized 
in clinical medicine for a number of years, at least in 
part because of a variety of technological advances: 
organ transplantation, cancer chemotherapy, and the 
development of potent pharmacologic agents. However, 
immunosuppression is commonly observed in a variety of 
viral infections as well as in virus-induced tumors. For 
example, decades ago, lymphopenia was reported in 
~iseases which now are known to be caused by viruses. 
Conversely, viral reactivation occurs frequently in 
immunosuppressed or immunocompromized patients. 
Interestingly, Epstein-Barr virus-associated tumors have 
also been increasingly observed in immunocompromized and 
transplant patients (Hanto et a1., 1981; Ziegler et a1., 
1982). These observations imply that there are important 
virus interactions with the immune system beyond those 
involved in controlling acute infection and the develop
ment of subsequent immunity. 

The Epstein-Barr virus (EBV) is well-known to inter
act closely with the immune system. EBV is a po1yc10na1 
B-ce11 mitogen and can immortalize cells of B-1ymphocyte 
lineage (Menezes et a1., 1976; Rosen et a1., 1977; Bird & 
Britton, 1979). The present paper briefly reviews 
several aspects of EBV-re1ated immunosuppression and 
discusses how EBV may induce this phenomenon. 
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EVIDENCE FOR IMMUNOSUPPRESSION IN PATIENTS WITH 
EBV-ASSOCIATED DISEASES 

At this point, one may ask whether there is any 
evidence for immunosuppression in patients with EBV-asso
ciated disorders. The answer is yes, and the evidence 
can be found at the level of both humoral and cellular 
compartments of the immune system. 

Humoral Evidence 

To date several investigators have found inhibitors 
of cellular immunity in the sera of patients with EBV
induced infectious mononucleosis (1M) (Lai et al., 1974; 
Wainwright et al., 1979). The serum inhibitory activity 
found in the acute phase appears to be associated exclu
sively with IgG (Veltri et a1., 1981). It was reported 
originally that this IgG inhibitory activity was specific 
(Lai et a1., 1974); recent data with purified IgG from 
sera of IM patients, however, indicate that it is non
specific (Veltri et al., 1981). Table I summarizes these 
1M inhibitors and their known characteristics. Recent 
data from our laboratory suggest that the IgG inhibitor 
has a marked regulatory effect on lymphokine production 
by T lymphocytes (Sundar, Bergeron & Menezes, submitted 
for publication). 

Similarly, inhibitory activity effective against 
cellular immunity was also detected in the sera of 
patients with nasopharyngeal carcinoma (NPC) (Mathew et 
al. , 1981; Sundar et al., 1982). Recent studies have 
demonstrated that the serum inhibitory activity is, in 
most cases, associated exclusively with IgA (Sundar et 
a1., 1982; 1983). However, IgA-unrelated activity was 
also detected in some sera (Sundar et al., 1983). The 
prop e rties of these inhibitors are summarized in able 
II. 

Cellular Evidence 

Emergence of activated suppressor T cells during 
acute EBV-induced IM was reported several years ago by 
several groups of investigators. These suppressor cells 
can inhibit pokeweed mitogen-induced B cell prolifera-
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tion, immunoglobulin synthesis, and autologous T cell 
proliferation in response to antigens (Haynes et al., 
1979; Johnsen et a1., 1979; Tosato et a1., 1979; Reinherz 
et al., 1980). Surface characteristics of these cells 
have also been studied and it is now quite well esta
blished, that in addition to their T3+, T5+, Ts+ pheno
type, these suppressors are also Ia+ (Johnsen et al., 
1978; Reinherz et al., 1980; Crawford et al., 1981; De 
Waele et al., 1981). The precise role of these suppres
sor/cytotoxic T cells in vivo during the course of 1M is 
not known. They likely provide a regulatory function by 
controlling EBV-infected/activated B lymphocyte prolifer
ation as well as immunoglobulin synthesis. Such control 
could operate through their interaction with helper T 
lymphocytes and/or may even be mediated by soluble fac
tors/lymphokines. This latter suggestion is indirectly 
supported by our data showing that purified T-Iymphocyte 
preparations from patients with acute 1M do not have 
EBV-specific killer activity (Patel et al., 1982). In 
any event, it is possible that the suppressor/cytotoxic T 
cells which are induced in 1M patients contribute to the 
benign course of the disease (unless they multiply or 
persist in an activated form beyond the post-acute 
phase). Such suppressor cells were also found in tran
sient immunodeficiency during asymptomatic EBV infection 
(Bowen et al., 1983). 

It is noteworthy that experimental evidence from 
animal studies suggests that immunosuppression, at the 
time of infection, can be beneficial to the host, by 
controlling the appearance of autoantibodies as well as 
the development of the clinical syndrome (Onodera et al., 
1982; Nash, 1984). Parenthetically, it is interesting 
that auto-antibodies have been reported in 1M (Linder et 
al., 1979). In addition fatal 1M has occurred in 
patients who failed to mount a characteristic T cell 
response (Crawford et al., 1979; Robinson et al., 1980). 

While there is ample evidence of the emergence of 
suppressor T cells in 1M, we lack information on whether 
and how such suppressor cells may occur in other EBV
associated diseases. Our preliminary analysis of peri
pheral blood lymphocytes of a limited number of patients 
with EBV-associated NPC have revealed, however, that 
these patients have increased suppressor T cells 
(unpublished observation). 
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POSSIBLE MECHANISMS OF EBV-INDUCED IMMUNOSUPPRESSION 

The important question at this point is: by what 
mechanism(s) may EBV be involved in the generation of 
immunosuppression. 

The possible pathways through which EBV may contri
bute, directly or indirectly, to induce immunosuppression 
are shown diagramatically in Figure 1. At present, 
virtually all these pathways and the factors which may 
modulate them are open to investigation. As indicated in 
the figure, EBV may have a direct effect on effector 
cells or may intervene through antibody production or 
formation of immune complexes or even by generating 
suppressor cells to induce an immunosuppressive state. 
EBV may also interact indirectly through non-structural 
antigens as well as by transforming or immortalizing the 
appropriate target cells which may then produce immuno
suppressive factors such as plasminogen activator, etc. 
Our laboratory is studying three of tqe aspects depicted 
in the figure: suppressor cells, antibodies and plasmino
gen activator. Some of our observations will now be 
briefly reviewed. 

VIRUS 4~~---------------~. CELL 
~ (Inf ec tid I Transf 0 rmed I Tumor 1 

EFFECTOR CELLS 
(Lymphocytes, 
Macrophages) 

STRUCTURAL 
ANTIGENS 

NON-STRUCTURAL 
ANTIGENS 

\ I 
a) ANTIBODIES 
b) IMMUNE COMPLEXES 
c) SUPPRESSOR CELLS 

1 
ABROGATION OF HOST DEFENSES 

d) PLASMINOGEN 
ACTIVATOR 

e) OTHERS 
(Prosta
glandins, 
etc.) 

/ 
Fig. 1. Possible pathways of virus (EBV)-induced immuno

suppression. 
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Suppressor Cell Induction In Vitro 

Recent in vitro experiments have shown that incuba
tion of sensitized lymphocytes (Le. from EBV-seroposi
tive healthy individuals) together with an excess of 
either structural (i.e. soluble) EBV antigens results in 
an induction of suppressor T cells which express OKT8+ 
and Ia+ phenotype; the suppressor T cells thus generated 
were found to be antigen-specific since they inhibited 
the response of sensitized lymphocytes to the inducing 
antigen only, and not to other antigens or mitogens 
(Sundar & Menezes, submitted for publication). We infer 
from these observations that antigen-specific suppressor 
cells could be generated in vivo. It is noteworthy that 
the suppressor cells from 1M patients discussed above 
appear to be non-specific. The process by which non
specific suppressor cells arise is also unclear. 

Suppressor cells could be at least partly responsi
ble for the decreased cell-mediated immunity reactions 
observed in patients with various EBV-associated 
disorders (Fass et al., 1970; Haider et al., 1973; Mangi 
et al., 1974; Magrath, 1974; Ho et al., 1978; Purtilo et 
aL, 1978) as well as for the occasional syndromes of 
aplastic anemia and agammaglobulinemia which appear to be 
a rare sequel of 1M in previously normal subjects 
(Provisor et aL, 1975; Lanning et aL, 1977; Lazarus & 
Bachner, 1981). 

If EBV antigen-specific suppressor cells can be 
detected in a patient with EBV-associated disorder, they 
may prove to be clinically very relevant. In fact, the 
presence of such specific cells might: (a) imply that EBV 
or EBV antigen played some role in the etiology/clinical 
course of the disease, or (b) indicate active EBV repli
cation or production of viral antigen(s) in the host. 
For example, in the case of persistently active viral 
infection, the continuous production of virus or its 
antigens could provide optimal conditions for sustained 
induction of T suppressors. In this regard, it is 
interesting that studies with cytomegalovirus infection 
as well as with animal tumors have indicated that 
suppressor cells return to normal levels during convales
cence as well as following successful removal of tumor by 
surgery, respectively (Kall & Hellstrom, 1975; Fujimoto 
et al., 1976; Rubin et al., 1981). 
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EBV-Specific Antibodies 

It is not clear whether in 1M or chronic EBV infec
tion EBV-specific antibodies play any inhibitory role in 
immunity. In NPC, however, EBV-IgA is an outstanding 
feature of the disease (Henle & Henle, 1976). IgA from 
NPC patients is able to inhibit antibody-dependent cellu
lar cytotoxicity (ADCC) in vitro (Mathew et al., 1981). 
Our studies with purified IgA from sera of NPC patients 
have shown that it specifically abrogates the response of 
normal sensitized lymphocyte to EBV antigens, but not to 
phytohemagglutinin (Sundar et al., 1982; 1983). IgA 
fractions from sera of healthy individuals, from patients 
with other head and neck cancers and NPC patients in 
remission do not contain this inhibitory activity (Table 
III). These and other studies (Henle & Henle, 1976; 
Mathew et al., 1981; Kamaraju et al., 1983), indicate 
that EBV-IgA represents a marker of unique clinical 
significance for NPC, particularly for its prognosis. 
How this IgA operates as a lymphocyte stimulation inhi
bitor (LSI) is still unclear; preliminary results indi
cate that it does not bind to lymphocytes. It will be 
important to determine whether it acts as IgA-EBV antigen 
complex. 

Whether EBV-antibodies of any other Ig class may 
play a role in immunosuppression or inhibition of cellu
lar immunity remains to be investigated. EBV-antibody 
complexes could theoretically be important. It is known 
that immune complexes can act as blocking factors and 
impair cellular immunity (Sjogren et al., 1971; Rayami et 
al., 1973; Hellstrom & Hellstrom, 1974; Hellstrom et al., 
1983); they also appear to be of prognostic significance 
in neoplastic diseases (Carpentier et al., 1981; 1982; 
Hubbard et al., 1981). Circulating EBV antigen-antibody 
complexes have been found in patients with EBV-associated 
malignancies (Oldstone et al., 1975; Heimer & Klein, 
1976; Sutherland et al., 1978). The role of such immune 
complexes in EBV-related disorders is open to investiga
tion. It must be kept in mind that the genetic composi
tion of the host may play a role in the generation of 
immune complexes, particularly in diseases such as viral 
infections (Oldstone, 1984). 
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Plasminogen Activator 

It has been suggested that plasminogen activator 
(PA) produced ty tumor cells may affect host immune 
response (Newcomb et al., 1978; Wainberg et al., 1982). 
Our interest in identifying immunomodu1ating factors 
which may be produced by EBV-transformed or EBV-genome 
bearing tumor cells, led us to investigate the production 
of PA by such cells. We found that EBV-producer lymphoid 
cells originating from Burkitt's lymphoma (P3HR-1) as 
well as from experimental EBV-induced marmoset lymphoma 
(B95-8) syntgesized and released large quantities of PA 
(i.e. 5 x 10 cells/ml released 400-800 units of PA into 
the culture medium during an incubation period of 24 
hrs). PA preparations, purified by affinity chromato
graphy using lysine-sepharose columns, abrogated lympho
cyte cytotoxicity (Sundar et al., 1984); the data also 
show that the concentration of PA released by those cells 
in the native crude form into the medium represents 8 to 
16 times the required amount of PA which produced signi
ficant inhibition of both NK and ADCC. 

Cells of several human lymphoid lines of different 
origins produce PA, irrespective of the presence or 
absence of EBV genome in the cells (Sundar, Bergeron & 
Menezes, submitted for publication). It is thus quite 
clear that PA synthesis is independent of the presence of 
EBV genome in the cell, and that it represents simply a 
by product resulting from cellular transformation by this 
virus. 

Production of PA by EBV-associated tumors in vivo 
has not been studied. In a preliminary study conducted 
at the University of Malaysia at Kuala Lumpur, PAwas 
detected in 12 NPC biopsies (Sundar et al., 1984); it is 
thus possible that PA plays also a role in the patho
genesis of NPC. In general, the role of PA in vivo is 
not clear. Similarly, how PA operates to abrogate 
cellular effector immune mechanisms is not known. Our 
results however show that it affects the effector lympho
cytes and not the targets (Sundar et al., 1984). In any 
event, from the observations described above, it is 
tempting to speculate that PA released by (EBV-trans
formed or) tumor cells into the local micro-environment 
may render ineffective the infiltrating host defenses 
such as killer lymphocytes and thus help the malignant 
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cells to escape host effector mechanisms. Furthermore, 
PA may aid malignant cells in the invasion of the 
surrounding tissue by its ability to activate procolla
genase to collagenase; likewise, plasmin generated by the 
action of cellular PA may promote the migration of trans
formed cells, as was shown in vitro (Ossowski et al., 
1975). 

CONCLUSION 

Studies describing depression of cell-mediated 
immunity and features indicative of immunosuppression 
have been reported in various EBV-associated disorders. 
In vitro studies have clearly shown that suppressor cells 
with specific T -lymphocyte phenotype can be detected 
during EBV-induced acute !M. 

Presently, the following important and related 
questions require investigation. At the disease level: 
whether the suppressor T cells as well as immunosuppres
sion actually play an important role in the pathogensis 
of EBV-associated disorders or represent epiphenomena? 
At a more fundamental, mechanistic level: whether EBV 
triggers immunosuppression by acting on the immunoregula
tory system; or how EBV interacts with the immunoregula
tory system to trigger immunosuppression? 

We have attempted to present in a diagramatic 
fashion the various pathways by which EBV may trigger, or 
contribute to the initiation of immunosuppression. Most 
of these pathways are unexplored at present. Our limited 
in vitro studies indicate that: (a) both EBV structural 
and non-structural antigens in excess can induce antigen
specific suppressor T cells; (b) EBV-anti bodies of one 
particular class (IgA) can abrogate virus-directed 
lymphocyte response, and (c) EBV may also contribute 
indirectly to immunosuppression as EBV-transformed/tumor 
cells can release plasminogen activator, a product which 
has been found to abrogate lymphocyte killer activity. 

Finally, it is important to consider that what we 
refer to as immunosuppression, a phenomenon which is 
generally detrimental to the host, may in some cases be a 
natural and useful response in the disease process. In 
any case, a balance between helper/suppressor T lympho-
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cyte subsets' activity is also an important feature in a 
normal, healthy individual. The key issue before us is 
therefore how EBV can disrupt this balance and to what 
extent. Genetic factors may also playa determining role 
in the induction of immunosuppression by EBV, and is a 
major point for future research. 
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Numerous studies (e.g. Sample et al., 1971; Field and 
Caspary, 1972) have detected factorS-in-the serum of 
tumour-bearing individuals capable of inhibiting immune 
functions such as PHA stimulation and antigenic stimulation 
of lymphocytes. 

Because of the important implications the existence of 
such factors have in the surveillance against tumour cells, 
we have undertaken a comprehensive survey of the existence 
of these factor(s) in cultured human haemopoietic tumour 
cell lines. Our approach has been to compare the ability 
of tumour cell lines and Epstein-Barr virus-transformed B 
cells (LCL's) to act as a stimulator population in a mixed 
leucocyte reaction (MLR). 
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EXPERIMENTAL PROCEDURE 

In the first set of experiments, Epstein-Barr (EB) 
virus-transformed lymphoblastoid cell lines (LCL's) and 
tumour cell lines listed in Table 1 were tested for thei~ 
ability to induce an MLR. Responder lymphocytes (5 x 10 
cells/well) were mix~d with irradiated allogeneic 
stimulator cells (10 cells/well) as triplicate cultures in 
U-well micbotitre plates. Cultures were incuba3ed for 5 
days at 37 C and the level of incorporation of H-thymidine 
during the last 6 hours of the culture period determined. 

In the second set of experiments, the kinetics of 
stimulation of responder lymphocytes by LCL's and tumour 
ce!l lines were investig~ted .. Res~onde~ lympho~ytes (5 x 
10 cells/w~ll) were ad~lxed wlth lrradlated stlmulator 
cells at 10 , 10 or 10 cells/well. Proliferation of 
responder lymphocytes was determined 3, 5, 7 and 9 days 
later. 

In4the third set of experiments, responder lymphocytes 
(5 x 10 cells/well) were cultured an the presence of 
irradiated LCL stimulator cells (10 cells/well) and cell
free supernatant (to 25% final volume in the culture) from 
tumour cell lines or LCL's. In some experiments, cell-free 
supernatants from tumour clll lin~s or LCL's were added to 
the MLR at dilutions of 10 to 10. The proliferation of 
responder cells was determined after 5 days. 

In the fourth set of experiments, Balb/c mice were 
immunized with supernatant culture fluids from the CCRF-CEM 
cell line and spleen cells fused with the NS1 cell line. 
Hybtidoma cultures were screened for their ability to 
inhibit the immunosuppressive activity of the CCRF-CEM cell 
line. 
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TABLE 

SUMMARY OF CELL LINES USED IN THIS STUDY 

Ce 11 1 i nes 

Lymphoma/leukaemia 
cell lines 

QIMR-W1 BL 
QIMR-W2 BL 
QIMR-Agoi BL 
QIMR-GOR 
Raj i 
BJAB 
B-95-BJAB 
Ramos 
AW-Ramos 
QIMR-BM 
QIMR-Joy BL 
HSB2 
K562 

HL-60 

CCRF-CEM 

Derivation 

New Guinea Burkitt lymphoma 
New Buinea Burkitt lymphoma 
New Guinea Burkitt lymphoma 
New Guinea Burkitt lymphoma 
African Burkitt lymphoma 
African Burkitt lymphoma 
BJAB and EB virus in vitro 
American Burkitt lymphoma 
Ramos and EB virus in vitro 
Australian Burkitt lymphoma 
Australian Burkitt lymphoma 
Acute lymphoblastic leukaemia 
Chronic myeloid leukaemia 

Acute promyelocytic 
leukaemia 
Acute leukaemia 

Cell type 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
T 

non-B, 
non-T 
non-B, 
non-T 

T 
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RESULTS 

Comparison of LCL's and tumour cell lines ~ stimulators of 
an MLR 

During this investigation, a comparison was made of 
the ability of 9 haemopoietic tumour cell lines and 20 
LCL's to act as the stimulator population in an MLR. Table 
2 summarizes the overall results of the 30 experiments 
performed in which the five-day proliferative response of 

TABLE 2 
SUMMARY OF THE PROLIFERATIVE RESPONSE OF LYMPHOCYTES TO 

STIMULATION BY A RANGE OF TUMOUR CELLS 

Stimulator Relative Stimulation (%)1 Proportion of 
cell line Mean Range experiments showi2g 

inhibition of MLR 

CCRF-CEM 0.3± 3.7 0.07- 1.0 24/25 
QIMR-BM 5.5± 5.4 0.4 -15.0 8/10 
Ramos 5.4± 8.9 0.13-31.0 10/11 
AW-Ramos 3.2± 6.8 0.2 -28.0 5/6 
BJAB 12.7±18.0 0.01-52.0 5/7 
B-95-BJAB 9.1±12.1 0.6 -62.0 6/8 
HSB2 3.0± 2.3 1.1-4.0 6/6 
QIMR-W1 BL 19.9±32.0 3.5 -78.0 6/8 
QIMR-W2 BL 13.8±19.2 3.1 -48.0 6/8 

1Stimulation expressed as a percentage of the mean 
2 stimulation by the LCL's in the same experiment 

Proportion of experiments in which the relative stimulation 
was less than 10% 
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lymphocytes to a fixed concentration of stimulator cells 
was assessed. A low level of stimulation of responder 
lymphocytes was recorded with 13/15 tumour cell lines in 
the majority of experiments conducted. 

Kinetics of stimulation of lymphocytes Qz tumour cell lines 
and LCL's 

Experiments were conducted to determine whether the 
difference in the ability of LCL's and tumour cell lines to 
induce an MLR was independent of stimulator concentration 
and duration of MLR. The results (not illustrated) 
indicate that the reduced stimulator capacity of tumour 
cell lines applies over a broad range of cell 
concentrations and duration of MLR. 

Effect of cell-free supernatants from tumour cell lines ~ 
MLR activity 

The above results suggest that some tumour cell lines 
might secrete a factor capable of inhibiting MLR 
reactivity. To test this hypothesis, cell-free 
supernatants from tumour cell lines and LCL's were tested 
for their ability to inhibit MLR reactivity. A summary of 
the 28 experiments performed is included in Table 3. 
Immunosuppressive activity was detected in the supernatants 
of all the tumour cell lines tested. However, the 
frequency with which this activity was detected showed 
considerable variation between cell lines. For example, 
inhibitory activity was nearly always detected (19/20 
experiments) in the supernatant from the CCRF-CEM cell 
line, but considerably less often in the supernatants from 
the BJAB cell line (4/9). 

In titrations of the immunosuppressive factor from the 
CC§F-CEM supernatant, activitY3was detected at a dilution of 
10 in 5/17 experiments, at 10 in 8/17 experiments and at 
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10~ in 2417 experiments. Inhibitory activity at dilutions of 
10 - 10 was also detected in supernatants of QIMR-W1 BL, 
QIMR-W2 BL, Daudi, QIMR-Joy BL, HSB2, Raji and QIMR-BM cell 
lines on several occasions. 

Reversal of immunosuppressive activity using monoclonal 
antibody directed against proteins ~ CCRF-CEM supernatant 

Hybridomas were screened for their ability to inhibit 
the activity of the immunosuppressive activity from the CCRF
CEM cell line. An IgM monoclonal antibody was isolated that 
inhibited the immunosuppressive activity from all the tumour 
cell lines listed in Table 1. This antibody (JSD78) was not 
mitogenic per se and in no way altered the magnitude of a 
normal MLR-. - -

TABLE 3 
EFFECTS OF SUPERNATANTS FROM TUMOUR CELL LINES ON MLR 

Source of cell supernatant 

QIMR-W1 BL 
QIMR-W2 BL 
QIMR-Joy BL 
BJAB 
B-95-BJAB 
Ramos 
AW-Ramos 
CCRF-CEM 
HSB2 
QIMR-BM 

Proportion of experiments1 
showing inhibition of MLR 

6/8 
5/7 

10/12 
4/9 
5/7 
3/4 
5/7 

19/20 
7/8 
8/10 

1Experiments in which the proliferative response in the 
presence of supernatant from a tumour cell line was less 
than 10% of the proliferation in the presence of a LCL 
supernatant. 
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DISCUSSION 

In the present study we have compared the capacity of 
human lymphoid tumour cell lines with that of LCL's to act 
as the stimulator population in an MLR. The tumour cell 
lines were derived from lymphomas and leukaemias and are 
mainly of T cell and B cell origin. While LCL's invariably 
served as an efficient stimulator population, tumour cell 
lines frequently failed to stimulate responder lymphocytes. 
The inability of tumour cell lines to generate an MLR was 
independent of stimulator dose and duration of MLR. 

It was important to determine whether the failure of 
tumour cell lines to act as the stimulator population in 
MLR was due to the presence of a soluble immunosuppressive 
factor secreted by the cell line. The results show that in 
most experiments such an immunosuppressive factor can 
indeed be detected in the supernatants of the tumour cell 
lines but never in the corresponding supernatants from 
LCL's. It thus seems likely that the failure of tumour 
cell lines to act as stimulators is due to the release of a 
soluble immunosuppressive factor, rather than to some 
aberrant mode of presentation of stimulating antigens. 

It should be emphasized that, in a proportion of 
experiments, tumour cell lines do indeed induce an MLR 
(Table 1). Furthermore, the results presented in Table 3 
show that, on occasions, there is no detectable inhibitory 
factor in the supernatants from tumour cell lines. While 
the reason for this experimental variation is not known, 
the results appear compatible with the fact that the level 
of inhibitory factor in the CCRF-CEM cell line varies30ver 
several orders of magnitude around a mean titre of 10. It 
would thus be reasonable to expect that the level of 
immunosuppressive factor might occasionally fall below a 



detectable level. Results thus far suggest that strict 
attention to maintenance of optimal culture conditions is 
essential in maintaining a high level of inhibitory factor. 

The fact that the JSD78 monoclonal antibody inhibited 
the immunosuppressive activity from all of the tumour cell 
lines tested is an important and unexpected result. It is 
not possible at this stage to determine whether the 
monoclonal antibody is directed against the 
immunosuppressive factor itself, to a carrier protein or to 
the binding site of the immunosuppressive factor. 

Of particular importance is the finding that EB virus
infected Burkitt lymphoma cell lines from endemic regions 
(QIMR-W1 BL, QIMR-W2 BL, QIMR-GOR, Raji) produce an 
immunosuppressive factor. We (Moss et al., 1978; 
Rickinson et al., 1979) and others (RickTnson et al., 1980) 
have establlshed techniques for detecting EB vTru~specific 
T cell-mediated immunity. It will now be important to 
determine whether the factor(s) released from these cell 
lines can interfere with this specific T cell function 
which all normal, healthy, EB virus seropositive 
individuals possess, and these studies are in progress. 

The in vivo significance of these immunosuppressive 
factor(s)lremains to be defined. There are numerous 
reports indicating that serum from a broad range of tumour
bearing patients possesses immunosuppressive activity. It 
is not at all clear what the relationship is between the 
immunosuppressive activity isolated from fresh tumour 
biopsies, tumour cell lines, normal cell lines and serum. 
It should be possible for us to determine this relationship 
using our recently isolated monoclonal antibody. 

In conclusion, the present study demonstrates that 
soluble immunosuppressive factors are frequently secreted 
from haemopoietic tumour cell lines but are rarely, if 
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ever, secreted by EB virus-transformed cell lines. With 
the reagents we now have available it should be possible to 
assess whether the factor{s) isolated from tumour cell 
lines are present in the serum of cancer patients and in 
fresh tumour biopsies. Only then will it be possible to 
determine whether such factor(s) play any role in the 
initiation and maintenance of human tumours. 
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Summary 

EBV-immune normal individuals have circulating 
regulatory T cells that inhibit the activation of 
autologous B cells by EBV. When T cells were fractionated 
in subsets enriched for either T8 or T4 expressing 
lymphocytes and subsequently cultured with autologous 
EBV-infected cells, most of the inhibitory activity 
derived from T8-enriched populations. Monocyte depletion 
of EBV immune autologous Band T cells was associated with 
an enhanced degree of T-cell inhibition. Conversely, 
monocyte reconstitution of monocyte-depleted cultures 
markedly reduced EBV-immune T-cell suppression. Thus, in 
an EBV-specific system of suppression, monocytes act as 
regulatory cells with "contrasuppressor" function. 

Introduction 

Epstein-Barr virus (EBV) is a ubiquitous herpes 
virus that infects the majority of adult individuals 
worldwide (Henle and Henle, 1979). Following primary 
infection, EBV persists in a small proportion of the 
circulatory B lymphocytes probably for life (Diehl et al., 
1968; Nilsson, et al., 1971). A number of regulatory 
mechanisms have been reported to contribute to the control 
of latent EBV infection, including cytotoxicity, natural 
killer activity, and suppression (Rickinson et al., 1980; 
Tosato et al., 1982, Masucci et al., 1983). These 
immunoregulatory mechanisms are believed to prevent an 
otherwise uncontrolled expansion of B cells latently 
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infected with this virus in vivo (Tosato and Blaese, In 
Press). t-le have asked whethermonocytes have a role in the 
control of infection with EBV and demonstrate that 
monocytes have a "contrainhibitory" effect on EBV-immune 
T cell suppression. 

Material and Methods 

Mononuclear cells were obtained from heparinized 
peripheral blood of normal individuals seropositive or 
seronegative for EBV. These were depleted of monocytes by 
a combination of plastic adherence, iron carbonyl 
ingestion, and passage through G-IO column to yield 
monocyte-depleted mononuclear cells containing less than 
4% esterase positive cells (Bianco, 1977). Band T 
cell-enriched subsets were obtained by standard 
techniques, incubating mononuclear cells and monocyte 
depleted mononuclear cells with AET-treated sheep red 
blood cells, and separating the rosette-forming cells by 
density gradient centrifugation (Tosato, et al., 1982). 

Further separation of the T cells in T4 negative and 
T8 negative T cell subsets was performed by treatment of 
the T cells with OKT4 and OKT8 monoclonal antibodies 
followed by complement lysis (Yachie et al., 1982). 
Irradiated (3000 R) non-T cells, containing 35-60 per cent 
esterase-positive cells were used as a source of 
monocytes. The filtered supernatant of the B95-8 cell 
line (containing approximately 106 transforming units/ml) 
was the source of EBV. Monocyte-depleted or non-depleted 
B cell-enriched populations were cultured in the presence 
of EBV either alone or mixed with autologous T cells, 
either unfractionated, or depleted of T4-positive or T8-
positive cells. Monocytes (as autologous irradiated non-T 
cells) were added to monocyte-depleted cultures and their 
effect on the B-cell response examined. At the end of a 
l4-day culture period, the immunoglobulin-secreting cell 
response was determined by a reverse hemolytic plaque 
assay (Tosato, et al., 1982). 

Results 

It was previously reported that T cells from EBV
immune normal individuals profoundly inhibit immuno
globulin (Ig) production by autologous EBV-infected 
B cells after 12-14 days in culture (Tosato, et al., 
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Fig 1. EBV-immune T cells expressing a T8 phenotype 
mediate "late suppression." B cells (20,000) 
were cultured in the presence of EBV either alone 
or with autologous T, T4-negative or T8-negative 
cells (100,000). The Ig secreting cell response 
was determined after 8, 10, 12 and 14 days in 
culture. 

1982). We have called this phenomenon "late suppression." 
T cells from EBV non-immune individuals fail to suppress 
in this system. To investigate further T-cell regulation 
of EBV infection in vitro, we have separated T cells into 
subsets depleted of either T4-or T8-bearing lymphocytes 
and examined their relative contribution to "late 
suppression." In a typical experiment, EBV-immune T cells 
and T4-depleted T cells profoundly inhibited Ig production 
by the autologous EBV-activated B cells after 14 days in 
culture. In contrast, T8-depleted T cells had little 
inhibitory effect at this time (Fig. 1). As shown in 
Table I, T8-enriched T-cell populations consistently 
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TABLE I 

T Cells Expressing a T8 Phenotype Mediate Late Suppression 

Immunoglobulin Secreting Cells/Culture 

Exp no. B cells* B + T cells B + T4 neg B + T8 neg 
Cells Cells 

1 34,173 3,100 1,588 22,372 
2 37,400 5,210 7,900 25,800 
3 29,700 12,500 16,700 33,200 
4 33,948 7,781 3,501 22,114 
5 40,500 6,910 6,366 34,754 

Mean % suppression 79 78 21 

*B cells (2xl04) were cultured in the presence of EBV 
either alone or mixed with autologous T, T4-negative or 
T8-negative cells (10xl04 ) in microtiter plates. At the 
end of a l4-day culture period the number of Ig secreting 
cells was determined. 

suppressed EBV-induced Ig production by autologous B cells 
at 14 days, while T4-enriched T-cell subsets consistently 
had little inhibitory effect. These experiments 
demonstrate that "late suppression" is mediated by 
EBV-immune T cells expressing a T8 phenotype. 

Ig production induced by EBV is dependent upon 
infection of B cells with the virus and does not require a 
cooperative interaction of B cells with T cells (Kirchner 
et al., 1979; Bird and Britton, 1979). We asked whether 
monocytes have a role in B-cell activation by EBV and in 
suppression mediated by EBV-immune T cells. In typical 
experiments (Table II), monocytes were not required for 
either Ig production by EBV or for suppression by 
EBV-immune T cells. These findings demonstrate that 
monocytes are not a necessary component in "late 
suppression," and suggest that EBV-immune T-cell 
regulation derives from a direct interaction of T8-
positive T cells with autologous EBV-infected B cells. 

Further analysis revealed that monocytes have a 
negative effect on EBV-immune T-cell inhibition. Thus, 
many-fold fewer T cells were required to achieve a given 
degree of B cell inhibition at 14 days in the absence of 
monocytes than in the presence of monocytes. As shown 
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TABLE II 

Monocytes are not Required for EBV-Immune T Cell 
Suppression 

Immunoglobulin Secreting Cells/Culture 

B cells* B + auto T cells* 
with without with without 

monocytes monocytes 

15,450 18,238 6,917 2,122 
29,338 21,899 327 126 
30,753 28,054 3,772 761 
26,318 22,063 13,899 513 
31,837 27,515 6,738 1,279 

geo mean 25,911 23,255 3,806 668 

*B cells and monocyte-depleted B cells (250,000/culture) 
were incubated for 14 days in the presence of EBV either 
alone or mixed with monocyte-depleted autologous T cells 
(250,000/culture). The Ig-secreting cell response was 
determined at the end of the culture period. 

in a typical experiment (Fig. 2), 7,800 T cells produced 
approximately 50 per cent inhibition of Ig production by 
the autologous EBV-infected B cells at 14 days in 
monocyte-depleted cultures; in contrast, approximately the 
same degree of T-cell inhibition was achieved with 125,000 
T cells (8-fold more T cells) in identical cocultures 
containing monocytes. Similar experiments repeated in a 
group of 16 EBV-immune normal subjects revealed that at 
T:B cell ratios ranging from 12.5:1 to 0.78:1, the 
degree of T-cell inhibition was, on the average, 40-50 per 
cent higher in monocyte-depleted as compared to 
monocyte-reconstituted but otherwise identical cocultures 
(Fig. 3). This finding could not be attributed to a 
"feeder-cell" effect of monocytes, since monocyte-depleted 
irradiated B cells or T cells were ineffective in this 
system (not shown}~ 
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Fig 2. Monocytes have a contrainhibitory effect on EBV
immune T-cell suppression. Monocyte-depleted B 
cells (125,000) were cultured in the presence of 
EBV either alone or mixed with 125,000 autologous 
irradiated non-T cells containing 56% monocytes. 
EBV-infected monocyte depleted and monocyte 
reconstituted B cells (125,000) were also 
cocultured with autologous monocyte-depleted T 
cells at varying cell densities. At the end of 
a 14 day culture period the number of Ig-secreting 
cells was determined. 

Monocyte contrasuppression was not restricted by the 
major histocompatability complex, since random allogeneic 
monocytes were active in this system, nor was dependent 
upon immunity to EBV of the monocyte donor (data not 
shown) • 
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Fig 3. Monocyte contrasuppression of EBV-immune regu
latory T cells. Culture conditions are identical 
to those described for Fig 2. The results are 
expressed as the mean percent suppression (±S.D.) 
of 16 determinations. 

Discussion 

It has been known for some time that T cells from 
normal individuals have an ability to inhibit B-cell 
"transformation" by EBV (Thorley-Lawson et al., 1977; Moss 
et al., 1978). Many immunoregulatory mechanisms have been 
reported to contribute to T-cell immunoregulation of EBV 
infection, including specific (Rickinson et al., 1980) and 
nonspecific (Masucci et al., 1983) cytotoxicity, 
suppression (Tosato et al., 1982), and interferon 
production (Thorley-Lawson, 1981). Thus, it was reported 
that B-cell proliferation and Ig production induced by EBV 
are inhibited by T cells, and EBV-activated B cells are 
killed by T cells. A number of distinguishing features 
characterize individual regulatory processes, including 
the requirement of previous immunity to EBV of the T-cell 
donor, the stage of B-cell activation on which T cells are 
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effective, and the necessity of major histocompatibility 
complex identity between the T cells and the target B 
cells. 

We have used Ig production as a measure of B-cell 
activation by EBV, and looked at suppression of 
EBV-induced Ig production as a test for T-cell inhibition 
of B-cell activation by EBV. The characteristic features 
of this system have been previously reported (Tosato et 
al., 1982). These include both a requirement for T-cell 
immunity to EBV of the lymphocyte donor, and 
histocompatibility identity between the T cells and the 
EBV-infected B cells. Suppression by EBV-immune T cells 
becomes evident 12-14 days after culture initiation, and 
is reversible, since EBV-infected B cells under suppressor 
T-cell regulation can be rescued and resume their ability 
to generate large numbers of 19-secreting cells if 
depleted of T cells (Tosato et al., 1982). 

In this study, we have further characterized EBV
immune T-cell suppression and attributed the inhibitory 
function to T cells expressing a T8 phenotype. We cannot 
exclude the possibility that small numbers of 
contaminating T4-positive T cells might be required for 
optimal suppression, but certainly the experiments 
demonstrate that most of the inhibitory function resides 
in T cells expressing a T8 phenotype. 

In an attempt to further characterize EBV-immune 
T-cell suppression, we have looked at the effects of 
monocytes in this system. It was previously reported 
that monocytes contribute to lymphocyte immortalization by 
EBV (Pope et al., 1974). Our results suggest that this 
monocyte function is most likely related to a 
"contrainhibitory" effect of monocytes on T-cell 
suppression. Monocyte depletion of purified B cells does 
not significantly affect Ig production by EBV, suggesting 
that in these cultures monocytes have little or no direct 
effect on EBV-activated B cells. However, in the presence 
of autologous EBV-immune T cells, monocytes reduced 
significantly the degree of T-cell inhibition. Thus, a 
given number of added EBV-immune T cells was profoundly 
suppressive of Ig production by monocyte-depleted 
autologous B cells, but was only slightly inhibitory if 
the same target B cells were supplemented with monocytes. 
This "contrasuppressor" function is not simply due to a 
"feeder" effect of the monocytes, since irradiated 
monocyte-depleted B or T cells were not active in this 
system. 
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Thus, in addition to other immunoregulatory 
mechanisms previously reported, monocytes play an 
important and unique role in the control of EBV infection 
in man, acting as regulatory cells with "contrasuppressor" 
function. 
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INTRODUCTION 

Typical histopathologic features of undifferentiated 
nasopharyngeal carcinoma (NPC) consist of an intrication 
of large epithelial tumor cells and numerous lymphocytes 
(Shanmugaratnam et al., 1979). The lymphoid cells 
within the tumor are cytologically normal, do not 
contain EBV and have been shown to belong in majority 
to the T-cell lineage (Galili et al., 1980). Whether 
these lymphocytes are remnants of the cells present 
in the normal nasopharyngeal mucosa or rather indicators 
of a local immune reaction to the malignant cells 
might be a keypoint in the understanding of this 
intrication of epithelial and lymphocytic cells. 

The availability of monoclonal antibodies specific 
for subsets of lymphocytes now allows for the analysis 
of lymphocytic populations involved in this infiltrate. 
Most studies reported so far have been carried out on 
lymphocytes isolated from the tumor (Galili et al., 
1980). This method does not allow a direct examination 
of the histological distribution of the lymphocytic 
subsets within the tumor. Using a panel of monoclonal 
antibodies, we have stained frozen and paraffin
embedded sections of NPC. We present immunological 
and immunofluorescence data from 43 different tumors. 

METHODS AND MATERIALS 

Patients and tissue samples. Tumor tissues 
were from 45 patients with NPC treated at the Institut 
Gustave-Roussy. Most of them originated from North 
Africa. Diagnoses were made by the same pathologist 
(C.M.) and based on histological criteria previously 
described. 
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Twelve biopsy samples were frozen for subsequent 
immunoperoxidase staining. Five tumors were gently 
teased and the lymphocytes recovered for immunofluor
escence assays. Two specimens were cut in half and 
treated by both methods. Twenty-nine paraffin
embedded specimens were immunoperoxidase-stained with 
the monoclonal antibody HNK-l. Peripheral blood was 
drawn from 31 patients. Monoclonal cells were 
separated by Ficoll centrifugation and stained by 
indirect immunofluorescence. 

Section immunoperoxidase staining. Indirect 
immunoperoxidase staining was performed on cryostat 
sections with all monoclonal antibodies except HNK-l, 
a reagent which can be used on paraffin sections. 
Cryostat sections were from tumor specimen fixed in 
acetone, stored at 700C, then rehydrated in phosphate
buffered saline (PBS). Paraffin sections were treated 
with xylene, rehydrated with ethanol and water, and 
immersed in Tris HCl buffer for 10 min. Endogenous 
peroxidase was blocked by incubation with 0.3% H202. 
Non-specific reactions were prevented by incubation 
with normal rabbit serum. Sections were then incubated 
with staining antibody, washed in cold PBS, then 
incubated with a peroxidase-conjugated goat anti-rabbit 
Ig antiserum. The reactions were revealed with H202 
and 3-amino-9-ethyl-carbazol or diaminobenzidine. 
Finally, slides were counter-stained with hematoxilin. 
The detection of Ig-bearing cells was carried out by 
the same method using a rabbit anti-human Ig antiserum 
followed by a peroxidase-conjugated goat anti-rabbit 
Ig antiserum as developing reagent. Positive cells 
were semi-quantitatively estimated from + to ++++ on 
cryostat sections and counted on paraffin sections. 

Immunofluorescence assays were performed according 
to the classical two-step method. Conjugated antisera 
were from Dako Laboratories, Denmark. Monoclonal 
antibodies used included OKT3 to the T3 pan-T cell 
antigen, OKT4 to the helper/inducer T cell subset, 
OKT8 to the suppressor/cytotoxic subpopulation, OKT6 
to the T6 antigen present on mature thymocytes, OKTI0 
which detects activated T-cells and progenitors 
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(Reinherz and Schlossman, 1980), all from the Ortho 
Diagnostic System. The L1/1/12 hydridoma producing 
an anti- HLA-DR monoclonal antibody was supplied by 
George Khalil (Hopital St. Louis, Paris). 

HNK-1-producing hybridoma (Abo and Balch, 1981) 
was purchased from the American Type Culture Collection 
(Rockville, MD). They were used as culture supernatant 
or as purified 19 diluted appropriately. 

RESULTS 

Tumor section indirect immunoperoxidase staining. 
Frozen sections of 14 different specimen of NPC were 
stained. Tumor cells were easily recognized with 
their large nucleus containing several nucleoli and 
appearing "chromatin empty" after hematoxin staining. 

Lymphocytes present in the tumor were most often 
located around groups of malignant cells, but sometimes 
disseminated within the tumor "nests". Most lymphocytes 
belonged to the T-cell lineage as defined by their 
reactivity with the OKT3 monoclonal antibody (Table 1). 

Table 1: Estimated frequency of T-cell associated-
and HLA-DR antigens on lymphoid cells present in NPC 
cryostat sections. 

Patient T3 T4 T8 HLA-DR no 
10 ++++ +++ +++ 0 ND 
20 + + + ++ NO 
21 +++ +++ ++ ++ NO 
28 +++ + ++ + + 
29 ++ + + + ++ 
32 ++ ++ + ++++ NO 
33 ++++ +++ ++ ++++ NO 
34 + + ++ ++ NO 
35 ++++ ++++ ++ + ND 
36 ++++ ++++ ++ + NO 
37 +++ ++ ++++ +++ ++ 
38 ++++ +++ ++ NO + 
39 ++++ +++ ++ NO + 
40 + + + + +++ 
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Two patterns of reactivity were observed with 
respect to the distribution of T-lymphocytes subsets 
defined by OKT4 and OKT8 antibodies. Most often 
OKT4+ cells were more numerous (Table 1) and evenly 
distributed within the lymphoid stroma, whereas OKT8+ 
cells, more heterogeneously located, appeared to 
surround the tumor masses. In only 3 patients were 
OKT8+ cells more numerous, while in 3 patients OKT4+ 
and OKT8+ cells were present in approximately equal 
numbers. In six specimens tested with the OKT10 
monoclonal antibody, positive cells were constantly 
detected with a varying number of reactive cells (+ 
to ++++). HLA-DR-positive lymphocytes were found in 
all 12 tumors tested but one. The estimated number 
of positive cells (+++ and ++++) was surprisingly 
high in 3 tumors. 

To estimate the percentage of natural killer 
cells present in the lymphocytic infiltrates, 29 
additional paraffin-embedded specimens were stained 
with the HNK-1 monoclonal antibody (Table 2). 

Table 2: HNK-1-positive cells in paraffin sections 
of NPC. 

% of total lymphoid cells 

0-5 
6-10 

11-15 

Number of tumors 
(total= 29) 

20 
5 
4 

In all patients, the percentage of HNK-1+ cells 
was below 15% of total lymphocytes. Approximately 
half the sections showed no or very few scattered 
stained cells. When more numerous, HNK-1-positive 
cells exhibited the cytological pictures of "large 
glandular lymphocytes" (LGL), typical of human NK cells. 

Indirect immunofluorescence assay on cells 
isolated from the tumor. Seven surgica~specrmens 
were dissociated to get a suspension of cells. After 
Ficoll centrifugation, mononuclear cells were immuno
fluorescently stained (Table 3). 
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Table 3: Immunofluorescence staining of mononuclear 
cells isolated from NPC biopsies. 

Patient % positive in total mononuclear cel's 
T3 T4 T8 HLA-DR sIg T3-HLA-DR 

28 65 2 55 45 13 29 
29 50 30 20 20 10 6 
41 29 ND ND 37 ND 26 
42 46 22 22 58 43 28 
43 38 30 16 60 ND 19 
44 38 20 23 44 35 22 
45 43 24 28 40 38 27 

On the average, OKT3-positive cells were more numerous 
than sIg-bearing cells (41.1 ± 10.5% vs. 27.8 ± 6.6%). 
Within the T lineage, T4 and T8 cells were in roughly 
equal proportions in three patients, T4+ cells were 
more numerous in two patients, whereas they were 
virtually lacking in one patient (Table 3). In all 
cases HLA-DR-positive cells were more frequent than 
cells carrying surface Ig (43.4 ± 12.4% vs. 27.8 ± 6.6%). 
To determine whether the HLA-DR-positive sIg-negative 
lymphocytes expressed other lymphocyte-associated 
cell-surface antigens, double staining assays were 
performed. In every test, a lymphocyte population of 
6 to 29% was demonstrated to coexpress the T3 and 
HLA-DR antigens. In the two patients tested with 
OKT4 and OKT8 antibodies, the DR-positive T-cell 
population included both T4 and T8 lymphocytes (data 
not shown). 

DISCUSSION 

We have undertaken the phenotypic analysis of 
lymphocytes present in NPC by a combination of immuno
histological staining of frozen and paraffin sections 
of tumor biopsies and immunofluorescent staining of 
lymphoid cells isolated from tumor specimens. 

Most of the lymphoid infiltrate was found to be 
composed of lymphocytes expressing the T3 antigen 
characteristic of the T-cell lineage (Reinherz and 
Schlossman, 1980). Among these T lymphocytes, the 
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distribution T helper/inducer and suppressor/cytoxic 
cells, defined by antibodies OKT4 and OKT8, respectively, 
varied from one patient to another. However, although 
less numerous than T4-positive cells in most patients, 
T8-positive lymphocytes tended to be located predomin
antly around the tumor cell masses. 

Because this phenotypically-defined TS-positive 
subset is known to include the functional population 
of cytotoxic cells, it is tempting to postulate that 
the T8-expressing lymphocytes, found in close relation
ship with the malignant cells, might playa role in 
the immune reaction of the tumor. In this regard, it 
was striking to observe that a relatively high-
although varying from one tumor to another--proportion 
of T3-positive cells also expressed HLA-DR molecules, 
as detected in double staining assays. This was in 
agreement with the observation of more numerous HLA
DR-positive than sIg-bearing cells in lymphoid cells 
isolated from the tumor. The TID antigen which, in 
the periphery, is specifi cally found on acti vated T 
cells, was also detected in all tumors where it was 
looked for. It is also noteworthy that we studied 
the reactivity of lymphocytes from NPC tumors with 
monoclonal antibodies directed against the receptor 
for interleukin 2 (IL-2) TAC antigen ( Uchiyama et 
al., 1981). This IL-2 receptor is only expressed on 
activated T cells. Again, we found in all the patients 
studied, that a high number of T cells (15-25%) were 
expressing the IL-2 receptor (data not shown). These 
T cells are are easily grown in IL-2-containing 
medium. We are presently attempting to clone them in 
order to look for some specific immune functions. 

In conclusion, we report here that the T cells 
infiltrating NPC tumors demonstrated interesting 
phenotypic features: 

1) Large variations in the T4/TS ratio, with a usual 
excess of T4 cells, but with a few striking excep
tions; 
2) The presence of HNKl+ lymphocytes, often with the 
morphology of LGL, in high number (6 to 15% of the 
lymphocytes recovered from the tumor in 9 out of 29 
patients), suggesting a role for NK cells in the 
local defense against NPC; 
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3) The constant presence of cells with the 
phenotype of "activated" T lymphocytes, expressing 
HlA-DR antigens and the Il-2 receptor. 

Such data suggest the existence of local immuno
logical reactions in NPC involving both T and 
NK cells. The lymphocytic infiltration observed in 
NPC could reflect some important defense mechanism. 
Similar studies are needed to elucidate their precise 
nature and their role in the control of the disease. 
Attempts to correlate the immunological features here 
described with the clinical grades and/or with the 
prognosis of NPC are presently being undertaken. 
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SUMMARY 

Isoprinosine has been shown to be an immunopotentia
ting agent on both nonspecific and specific antigenic 
stimuli. Here we have investigated whether isoprinosine 
enhances in vitro lymphocyte responses to EBV antigens 
and phytohemagglutinin. In addition, its effect on 
inhibitory action of serum-blocking factors, purified 
from the sera of patients with infectious mononucleosis, 
was evaluated. The results show that isoprinosine 
enhanced significantly in vitro various cellular immune 
responses to the above-mentioned stimuli. Moreover, 
isoprinosine abrogated the inhibitory action of a known 
blocking factor purified from the sera of 1M patients. 
Therefore, the use of isoprinosine as an immunopotentia
ting agent in EBV-associated disorders and malignancies 
deserves serious consideration. 

INTRODUCTION 

Immunosuppression is a phenomenon generally observed 
in viral infections and malignancies, including in EBV
associated disorders. Various attempts are being made to 
enhance the in vivo cell-mediated immune responses in 
patients with EBV-related malignancies. Inhibitory 
factors were detected in the sera of patients with infec
tious mononucleosis (1M) and undifferentiated nasopharyn-
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geal carcinoma that could abrogate the responses of 
sensitised peripheral-blood mononuclear cells (PBL) to 
specific antigens and recall antigens (Lai et al., 1978; 
Wainwright et al., 1979; Veltri et al., 1981; Sundar et 
al., 1982; 1983); it is likely that these inhibitors are, 
at least partly, responsible for the in vivo 
immunosuppression observed in these disorders. Because 
of the well-known effect of isoprinosine, a synthetic 
inosine-containing complex, as an immunopotentiating 
agent (Hadden et al., 1981) we have used this novel agent 
to investigate the responses of PBL to EBV antigens and 
phytohemagglutinin (PHA). In addition, the effect of 
isoprinosine on the inhibitory action of purified serum
blocking factors (IgG) was analysed in the lymphocyte 
stimulation assay. The results presented here indicate 
that isoprinosine can abrogate the inhibitory effect of 
serum-blocking factors, thus suggesting that this drug 
may be useful as an immunopotentiating agent in 
EBV-associated disorders and malignancies. 

MATERIALS AND METHODS 

Reagents 

Raji cells and P3HR1 virus were purchased from Life 
Sciences Inc., St.Petersburg, Florida. EBV soluble 
antigen extraction and titration by complement fixation 
test and P3HRl virus inactivation by UV light were 
carried out as described earlier (Sundar et al., 1982). 

Isoprinosine was kindly supplied by New Port Pharma
ceuticals, Newport, California. Fresh solutions were 
prepared in distilled water when needed and sterilized by 
filtration. 

Sera of patients with IM were collected at this 
hospital and IgG was purified by affinity chromatography 
on protein A Sepharose columns. 

Lymphocyte Stimulation Test 

This radiolabelled assay was performed as described 
earlier (Sundar et al., 1982) using the PBL obtained from 
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EBV-seropositive and seronegative individuals. The 
effect of sera or IgG fractions was tested against lym
phocyte responses to EBV antigens and PHA in the lympho
cyte stimulation assay. 

Effect of Isoprinosine on the Response of PBL to Various 
Stimuli 

Isoprinosine was added at the beginning of the 
experiments and its effect on the response of lymphocytes 
was assayed by the lymphocyte-stimulation test as 
described above. 

Effect of Addition of Isoprinosine at Different Periods 
of Incubation on the Lymphocyte Responses 

Isoprinosine was added at one day intervals and the 
cultures were further incubated for a total of 6 days at 
37°C, after which they were labelled with radioactive 
thymidine. The incorporated label (counts per minute, 
CPM) was determined in a liquid scintillation counter. 

Calculations 

All cultures were carried out in triplicates. The 
stimulation indices (SI) and % increase due to isoprino
sine were calculated as follows: 

SI = test cpm - control cpm 
control cpm 

% increase = 
SI - control S 
control SI 

RESULTS 

X 100 

Effect of Isoprinosine on the Responses of PBL 

The results of experiments dealing with the effect 
of isoprinosine on the responses of PBL to EBV antigens 
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Table 1 

IMMUNOPOTENTIATING EFFECT OF ISOPRINOSINE ON EBV ANTIGEN
AND PHA-INDUCED LYMPHOPROLIFERATION 

Stimulation index 
Donor PHA EBV-particles Soluble antigen 

No Antibody Without With Without With Without With 
titre to IPNa IPN IPN IPN IPN IPN 
EBV-VCA 

1 ( 5 30 86 0.5 0.9 0.9 0.8 
(187%) (0%) (0%) 

2 (5 39 208 0.7 0.8 0.9 0.9 
(433%) (0%) (0%) 

3 160 52 198 7.6 33.1 6.0 28.5 
(280%) (335%) (375%) 

4 160 24 91 2.3 9.9 2.5 14.4 
(279%) (330%) (476%) 

5 80 28 153 6.1 21.1 7.5 31.5 
(446%) (2'+6%) (320%) 

aIPN = Isoprinosine was used at a concentration of 5 x 
10-4 M. 

and PHA are given in Table l. Isoprinosine enhanced 
these responses between 187 and 476%. 

Effect of IgG (Purified from the Sera of Patients with 1M 
and from Normal Controls) on Lymphoproliferation and the 

Effect of Isoprinosine 

As shown in Tables 2 and 3, IgG fractions from the 
sera of IM patients significantly inhibited the lympho
cyte responses to EBV antigens and PHA. It is noteworthy 
that isoprinosine abolished the inhibitory action of 
these IgG fractions. In contrast to this, the IgG frac
tion from healthy donor did not show any inhibitory 
activity. 
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Table 2 

INHIBITORY EFFECT OF SERA AND THEIR IgG FRACTIONS ON 
LYMPHOCYTE RESPONSES 

Source of 
serum 

IM patient 

1M patient 

IM patient 

Control 
autologous 
serum 

Stimulating 
agent 

PHA 
SAg 

PHA 
SAg 

PHA 
SAg 

PHA 
SAg 

Serum 
% 

SI inhibition 

4.3 88 
2.3 64 

12.9 65 
1.3 96 

9.6 74 
o 100 

41.9 0 
5.9 8 

IgG 
% 

SI inhibition 

3.4 90 
1.4 78 

7.7 79 
1.2 97 

7.8 79 
o 100 

38.5 0 
5.4 15 

The sera were tested on the response of lymphocytes from 
a single donor. Responses (SI) to PHA and SAg were 36.6 
and 6.4, respectively. 

Effect of Addition of Isoprinosine, at Different Times, 
on Immunopotentiation 

Isoprinosine was able to enhance the lymphocyte 
responses to EBV antigens by 262, 282, 327, 297, and 342% 
when it was added to the cultures on 0-5 days of 
incubation, respectively. However, no significant 
enhancement (34%) was seen when it was added on day 6, 
the day when the cultures were harvested. 

DISCUSSION 

The results presented above clearly demonstrate that 
isoprinosine enhanced the in vitro cellular immune 
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Table 3 

EFFECT OF SERUM BLOCKING FACTOR ON MITOGEN- AND EBV 
ANTIGEN-INDUCED LYMPHOCYTE RESPONSES AND ITS ABROGATION 

BY ISOPRINOSINE 

EBV-VCA Treatment 
antibody 

titers for 
donors 

160 PHA control 
PHA+IPN 
PHA+SBF 
PHA+SBF+IPN 

SAgb 
SAg+IPN 
SAg+SBF 
SAg+SBF+IPN 

(5 PHA control 
PHA+IPN 
PHA+SBF 
PHA+SBF+ IPN 

SAg 
SAg+IPN 
SAg+SBF 
SAg+SBF+IPN 

Lymphocyte stimulation test 
CPM % inhibition % increase 

35,746 
136,834 

4,289 
63,985 

3,286 
15,608 

262 
7,820 

45,889 
128,489 

10,095 
94,168 

1,243c 
1,404 
1,323 
1,350 

by SBF due to 

88 

92 

78 

o 

Isoprinosine 
(IPN)a 

282 

79 

375 

138 

181 

105 

o 

aIPN was added at a final concentration 5 x 10-4 M. 
bSAg: EBV soluble antigen. 
CStatistically insignificant. 

responses to EBV-related antigens and PHA. Most signifi
cant indeed is the fact that isoprinosine abolished the 
inhibitory action of purified serum-blocking factors on 
lymphocyte activation by both EBV antigens and mitogen. 
It is interesting that this enhancement could be obtained 
even when Isoprinosine was added as late as day 5 of the 
incubation period. 
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The effect of isoprinosine has been demonstrated in 
vivo on both experimental animals and human infections 
(Hadden et al., 1981). Recently in a double-blind study, 
this compound was shown to accelerate the restoration of 
immune responses in patients with solid tumors who 
received radiotherapy (Fridman et al., 1980), and appa
rently enhanced the cellular immune responses as well as 
the production of interleukin-2 in patients with acquired 
immune deficiency syndrome (AIDS) (Tsang et al., 1984; 
Grieco et al., 1984). 

In conclusion, the results presented here clearly 
indicate that isoprinosine may be a useful agent to 
potentiate, as well as to restore, the cellular immune 
responses in patients with EBV-associated disorders and 
malignancies. 
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INTRODUCTION 

Increasing evidence obtained by chemical analysis and 
by examination of monoclonal antibodies directed to tumor 
antigens has shown that many tumor -associated antigens in 
experimental and human cancers are glycosphingolipids 
(Hakomori clhcl Kannagi, 1983). One remarkable example has 
been found in characterization of the Burkitt lymphoma
associated antigen (BLA) defined by a monoclonal antibody, 
38. 13 (Wiels et al, 1981 ) • The antigens ha been 
characterized as globotriaosylceramide (Gb3) (Nudelman et 
al., 1983), and is highly expressed in most Burkitt 
lymphoma cell lines, whether the lymphoma cells contain 
the Epstein-Barr Virus (EBV) genome (Central- East African 
endemic type) or not (European-North American type) (Wiels 
et al., 1982) • The antigen is not expressed on EBV
positive lymphoblastoid cell lines, on various other 
leukemia and lymphoma-derived cell lines, and on normal 
eythrocytes (Klein et al, 1983). This paper describes the 
enzymatic basis of Gb3 antigen synthesis and the 
organizational difference in Gb~ expression in I!'.embranes 
of Burkitt lymphoma and various iymphoblastoid cell lines. 
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MATERIALS AND METHODS 

Growth of cells. 
Various Burkitt lymphoma cell lines (Ramos, Daudi, 

Put, Namalwa), lymphoblastoid cell lines (Priess, ARH77), 
the hybrid cell line between a Burki t t lymphoma and a 
lymphoblastoid cell line (Put/ARH77CI2), and mouse 
leukemia L 121 0 were cuI tured in RPMI 1640 medium 
supplemented with 10 % fetal calf serum. Cells were stored 
frozen at -80 oc before use. 

Preparation of Golgi membrane-rich fractions from 
cells. 

The preparation of Golgi membrane-rich fractions was 
carried out at 0-4°c using a modified procedure of Senn et 
ale (1981) as described elsewhere (Wiels et aI, 1984). 

Protein determination. 
Protein concentrations of cell fractions were deter

mined by the method of Lowry et ale (1951) using bovine 
serum albumin as a standard. 

Enzyme assays. 
~-Galactosyltransferase and Galactosidase 
The exact procedure as been described elsewhere 

(Wiels et al., 1984). 

Glycolipid purification and characterization. 
Cellular glycolipids were extracted and stained as 

previously described (Nudelman et aI, 1983). After cell 
surface glycolipid labeling with galactose oxidase, 
followed by treatment with NaB [3H] 4 (Gambergard et. al., 
1973), the glycolipids in the labeled cells were 
extracted. 

Cell surface expression of BLA as determined by fluo
rescence-activated cell sorting. 

Classical immunofluorescence tests were undertaken 
on cells. In order to study the role of membrane 
organization in Gb~ expression, cells were treated with 
either Vibrio cho~era sialidase (0.125 international 
units/ml) for 1 hr at room temperature or 0.125 % final 
concentration of trypsin for 30 min at room temperature. 
Cells were then washed twice with PBS before labeling with 
38.13 antibody. 
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RESULTS 

Gb~ content and o:-galactosyltransferase activity in 
lymphOid cell lines. 

The high reactivity of Burkitt lymphoma cell lines 
Put, Daudi, P3HR1, and Ramos to the antibody 38.13 was 
correlated with the high chemical quantity of Gb i in these 
cell lines (see Fig. 1). The absence of reac'tivity of 
lymphoblastoid cell lines Priess and Remb, and one 
exceptional Burkitt lymphoma cell line, Namalwa, is 
consistent with the absence of Gb in these cell lines 
(lanes 7-9, Fig. 1). The presence %r absence of antigen 
expression and the chemical quantity of Gb in these cell 
lines, as above, have been correlated with ihe activity of 
UDP-Gal: lactosylceramide o:-galactosyltransferase, as 
shown in Table I. 

TABLE I. SPECIFIC ACTIVITY OF o:-GALACTOSYLTRANSFERASE 
IN CRUDE HOMOGENATES AND GOLGI MEMBRANE FRACTIONS OF 

DIFFERENT LYMPHOID CELL LINES 

Cell Type Crude Golgi BL Antigen 
lines Homogenate Membrane Expression 

pmol/hrl pmol/hrl 
mg/prot. mg prot. 

Ramos BLO 655 :': 186 3327 :': 587 + 

Daudi BL 113.5 :': 627 :': 174 + 

Put BL 72 :': 8 835 :': 2 + 

Namalwa BL 25 + 6 113 + 46 

L1210 Mouse 14 :': 6 133 + 51 
leukemia 

Priess LCLoO 32.5 :': 6 202 + 50 

ARH LCL 107 :': 12 667 :': 64 

PUT/ARH77 Hybrid 107 :': 58 917 + 192 + 
Cl12 

°BL : Burkitt lymphoma oOLCL : Lymphoblastoid cell line 
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2 3 4 5 6 7 8 9 10 

Figure 1 : Thin-Layer chromatography (TCL) of neutral 
glycolipid fraction of Burkitt lymphoma and lymphoblastoid 
leukemia cell lines. Lane 1, reference 
globotriaosylceramide (Gb) isolated from human 
erythrocytes; lane 2, Burki~t lymphoma line Put; lane 3, 
lymphoblastoid cell line ARH77 ; lane 4, a hybrid cell 
line between Put and ARH77 (PUTlARH77 C112) ; lane 5, 
Burki t t lymphoma line Ramos ; lane 6, Burkitt lymphoma 
line Daudi ; lane 7, lymphoblastoid cell line Remb 1 ; 
lane 8, lymphoblastoid cell line Priess ; lane 9, Burkitt 
lymphoma line Namalwa (unreactive with 38.13 antibody) ; 
lane 10, Burkitt lymphoma line Ramos. A slow-migrating 
spot with great intensity present in lane 3 was a free 
sugar and was eliminated by dialysis. The TLC plate was 
reacted with 0.2 % orcinol in 2 M sulfuric acid. 

Interestingly, one lymphoblastoid cell line, ARH77, did 
not express Gb3detected by monoclonal antibody 38.13 ; 
however, it contained a similar chemical quantity of Gb~ 
as Ramos, Daudi, and Put (see lane 3 of Fig. 1, as comparetl 
to lanes 2, 5, and 6). It should be noted that ARH77 was 
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derived from a patient with plasma cell leukemia (Edwards 
et aI, 1982). These cells contain Epstein-Barr nuclear 
antigen (EBNA), as do most lymphoblastoid cell lines (such 
as Priess),but other criteria such as aneuploid karyotype 
(Burk et aI, 1978 and R. Berger, Hop. St Louis, Paris, 
personal communication) and vari~us morphological 
characteristics led to its classification as an "unusual 
lymphoblastoid cell line" (Edwards et aI, 1982). The 
chromatographic pattern of Gb~ in ARH77 was heterogen 
with several bands, in contrast to the pattern found in 
Burki tt cells. These differences probably correspond to 
different fatty acid compositions. The activity of a~ 
galactosyl-transferase in ARH77 was also found to be as 
high as some of the Burkitt lymphoma cell lines expressing 
Gb (see Table I, line 7). The hybrid cell line 
put/ARH77C12 also expressed a large amount of Gb , similar 
to its two parental lines. Interestingly, Put/AR~77C12 was 
heavily labeled by the antibody 38.13 in immuno
fluorescence studies (Klein et aI, 1983), which shows that 
membrane Gb was as accessible in this hybrid as in the 
Burkitt par~nt cell line. The variation in expression of 
Gb in these cell lines was not due to differing levels of 
a-galactosidase. In each case, the activity was very low 
and nearly identical (results not shown). 

Characterization of ~ -galactosyltransferase in 
Burkitt Lymphoma cells. 

a-Galactosyltransferase activity of Daudi cells was 
enriched 6.4 fold in a Golgi membrane-rich fraction as 
compared to the crude homogenate (data not shown). Further 
characterization of this enzyme indicated that it had 
maximum activity using cacodylate buffer, pH 5.9, 0.3 % 
Triton X-100, and 5 roM MnC12• In order to protect 
substrates and product from endogenous hydrolytic 
acti vi ty, assays were conducted in the presence of 5 roM 
CDP-choline and 5 roM galactonolactone. Under these 
conditions, the a-galactosyltransferase activity was 
proportional to both time and protein concentration 
(kinetics not shown). The apparent Km values for LacCer 
and UDP-galactose were determined to be 0.28 mM and 62 ~M, 
respectively. 
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Surface ex~sure of GbJ __ d~e~t~e~r~m~i~n~e~d~~b~y __ ~g=a=l=a~c~to~s~e~ 
oxidase and Nab I H14 

The degree of cell surface exposure of Gb~ of Ramos, 
Daudi, P HR 1, and Put cells was compared with that of 
ARH77 cerls by galactose oxidase3-NaB [3H] 4. Gb~ of Ramos 
was strongly labeled (Fig. 2B, lane 1), in cO'ntrast to 
that of ARH77 cells which was not labeled (Fig. 2B, lane 
2) • 

Similarly, {; b in Daudi, P3HR 1, and Put cells were 
strongly label~d (data not shown). The presence or absence 
of Gb~ in Burkitt and non-Burkitt lymphoblastoid cell 
lines ~as assessed by immunostaining of Gb on TLC by the 
antibody 38.13. The glycolipid fraction isolated from 
Ramos and ARH77 gave an intense spot (Fig. 2C, lanes 3 and 
4, respectively) in contrast to that of mouse leukemia 
cell L1210 and non-Burkitt lymphoblastoid cells, which did 
not give a spot by immunostaining (Fig. 2C, lanes 2,5 and 
6). Thus, it is clear that ARH77 cells contain as high a 
level of Gb3 as Burkitt cell lines (Ramos, Daudi, P3HR1, 
and Put), but Gb3 in ARH77 cells is not exposed at the cell 
surface. 

Antibody reactivity of Gb3 at the cell surface as 
determined by cytofluorometry. 

The remarkable organizational difference between Gb3 
in Burkitt cells and ARH77 cells was further substantiated 
by quantitative immunofluorescence through cytofluoro
metry. Only the data for P3HR 1 and Ramos cell lines in 
comparison with ARH77 cells are shown in Fig.3. Both P3HR1 
and Ramos showed a strong reactivity with the antibody 
38.13 (Fig. 3, Ab, Aa, Bb). A similar reactivity was 
demonstrated by other Burkitt cells (Put, Daudi) (data not 
shown). In contrast, ARH77 cells showed very little 
reactivity with the primary antibody 38.13 (Fig. 3, Ca), 
and the reactivity was not affected by trypsin treatment 
(Fig. 3, Cb), but was significantly enhanced after 
sialidase treatment (Fig. 3, Cb). In all these 
experiments, control cells with or without enzyme 
treatment showed no significant reactivity if the primary 
or secondary antibody was omitted (Fig. 3, Aa, Ba, Ca, 
Cc). A significant intrinsic interaction of Ramos cells 
with the secondary antibody was observed (Fig. 3 Bc), but 
it did not influence the high reactivity of Ramos cells 
with the primary antibody. 
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Figure 2 Surface-labeled globotriaosylceramide and 
immunostaining pattern of glycolipids of Burkitt lymphoma 
and lymphoblastoid cells. Panel A, TLC pattern of 
lactosylceramide (lane 1), globotriaosylceramide (lane 
2), and globoside (lane 3). Panel B, lane 1, surface
labeled globotriaosylceramide from Burkitt lymphoma cell 
line Ramos treated with galactose oxidase and NaB 3H 4 ; 
lane 2, the neutral glycolipid fraction isolated from 
ARH77 lymghoblastoid cells treated with galactose oxidase 
and NaB H 4 ; lane 3, the nef.tral glycolipid fraction of 
ARH77 cells treated with NaB H 4 only (without galactose 
oxidase). Panel C, immunostaining of the neutral 
glycolipid fraction isolated from various sources. Lane 1, 
Gb3 isolated from human erythrocytes ; lane 2, neutral 
glycolipid fraction of L 121 0 cells ; lane 3, neutral 
glycolipid fraction of Burkitt lymphoma cell line Ramos ; 
lane 4, neutral glycolipid fraction of ARH77 cells ; lane 
5, neutral glycolipid fraction of lymphoblastoid cell line 
Remb ; lane 6, neutral glycolipid fraction of 
lymphoblastoid cell line Priess. 
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Figure 3 : Cytofluorometric pattern of Burkitt lymphoma 
cell lines (Aa, b, c ; Ba, b, c) and lymphoblastoid cell 
line ARH77 (Ca, b, c), and the effect of sialidase on 
exposure of Gb3• Abscissa, fluorescence intensity ; 
ordinate, frequency of cells. Panel A, Burkitt lymphoma 
P3HRI, Panel B, Burkitt lymphoma Ramos, Panel C, 
lymphoblastoid cell line ARH77. 
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DISCUSSION 

A number of Burkitt lymphoma cell lines isolated from 
both African endemic type (EBV-positive group) or North 
American type (EBV-negative group) were characterized by 
the presence of a specific antigen designated BLA, which 
was defined by the monoclonal antibody 38.13 (Wiels et aI, 
1981, 1982). Recently, BLA was identified chemically as 
globotriasylceramide (Gb3 ; Gal~1--4Galp1--4Glc~1 __ Cer), 
(Nudelman et al. 1983). 

The Burkitt lymphoma cell lines Daudi, Ramos, P3HR1, 
and Put contained a high chemical quantity of Gb3 and had a 
high reactivity of this antigen at the cell surface. In 
contrast, non-Burkitt lymphoblastoid cell lines (Priess, 
Remb, and ARH77) were all characterized by the absence of 
Gb3 reactivity at the cell surface. Priess and Remb did 
not contain Gb3, but ARH77 cells contained as high a level 
of Gb3 as Burkitt lymphoma. Thus, studies have been 
directed towards two subjects : i) the enzymatic synthesis 
of Gb3 and characterization of the enzyme (\X .... 
galactosyltransferase) responsible for synthesis of Gb3, 
and ii) surface exposure of Gb3 and its reactivity at the 
cell surface. The Burkitt cell lines were characterized by 
high activity of the enzyme responsible for synthesis of 
Gb3 antigen, i.e. UDP-Gal: lactosylceramide \X -

galactosyltransferase. Non-Burkitt lymphoblastoid cell 
lines and one exceptional Burkitt lymphoma cell line, 
Namalwa, did not contain Gb3 antigen, and the enzyme 
activity for synthesis of Gb3 was very low. The activation 
of \X -galactosyl transferase thus appears to be the 
mechanism responsible for Gb3 accumulation in Burkitt 
lymphoma cells. 

The extent of surface exposure and the reacti vi ty of 
Gb~ with the antibody 38.13 and with galactose oxidase was 
muC!h higher in Burkitt lymphoma cells than in the other 
lines tested. Thus, the chemical quantity, enzyme activity, 
and immunological reactivity of the antigen expressed at the 
cell surface have been correlated in those cell lines as 
described above. In striking contrast, however, one lympho
blastoid cell line, ARH77, contained the same chemical quan
tity of the glycolipid antigen and the same level of acti
vity of the enzyme for antigen synthesis as Burkitt lymphoma 
cell lines; nevertheless, ARH77 did not express the antigen 
at the cell ~urface, and3the reactivity of the antigen with 
galactose oXl.dase-NaB [H] U was negligible. Thus, Gb3. is 
chemically present and synthesized in ARH77 cells, but l.S 
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not exposed at the cell surface. This was further 
confirmed by cytofluorometric analysis. However, Gb~ in 
ARH77 cells became exposed when cells were trea ted ~i th 
sialidase, indicating that Gb~ in ARH77 cells is organized 
in a cryptic form. A simiHir change of cryptici ty of 
gangliotriaosylceramide (Gg~) in L5178 lymphoma cells was 
previously reported (Kannag~ et aI, 1983). No sialylated 
or sialidase-sensitive forms of Gg~ in ARH77 cells or Gg3 
in L5178 lymphoma have been fourr'd. The phenomenon is, 
therefore, ascribable to a change of a second 
glycoconjugate by sialidase which affects exposure of 
cryptic Gb3 and Gg3• In the case of L5178 lymphom~, t~e 
antigen Gg~ could be masked by co-existing GM1b , Wh1Ch 1S 
sialidase-Sensitive and is present in "low expressor" 
cells of Gg in L5178 (Kannagi et aI, 1983). 

The an~igenicity and immunogenicity of carbohydrates 
at the cell surface are not only defined by the primary 
chemical structure of the carbohydrate antigens, but also 
are influenced by the organization of carbohydrates at the 
cell surface membranes. Even though the antigens are syn
thesized and are present in plasma membranes, they may not 
be immunogenic nor recognizable as discrete antigens 
unless the carbohydrate chains are organized in a 
distinctive way that makes them reactive with antibodies 
at the cell surface. Dominant factors affecting expression 
of the antigens are the density and crypticity of 
carbohydrate chains at the cell surface. The majority of 
Burkitt lymphoma cells may be characterized by a high 
density of Gb~, except for a few such as Namalwa. They are 
also characte'rized by the loss of cryptici ty which is 
associated with a deletion of glycolipids with longer 
carbohydrate chains. The co-presence of longer 
carbohydrate chains was associated with a remarkable 
inhibition of the antigenicity of the shorter chain glyco
lipid antigen (Kannagi et aI, 1983). The case of ARH77 is 
another remarkable example indicating that crypticity is 
as important as the chemical quantity of glycolipids in 
the expression of glycolipid antigens. 
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INTRODUCTION 

Epstein-Barr (EB) virus was discovered just over 20 
years ago (Epstein et al., 1964) and since that time work 
from many laboratories~as established remarkably close 
associations between this agent and endemic Burkitt's 
lymphoma (BL) (Burkitt, 1963), undifferentiated nasopharyn
geal carcinoma (NPC) (Shanmugaratnam, 1971), and the 
lymphomas which occur in immunosuppressed human allograft 
recipients with an unusually high frequency (Penn, 1978; 
Kinlen et al., 1979; Weintraub and Warnke, 1982). The 
basis or-these associations is well known (for reviews 
see Epstein and Achong, 1979; de The, 1980; Klein and 
Purtilo, 1981) and work on cellular oncogene activation 
in BL now suggests possible explanations. Thus, the 
virus together with certain co-factors appears to be an 
essential link in a series of interlocking steps which 
facilitate characteristic chromosomal translocations 
(Lenoir et al., 1982) leading to activation of the cellular 
~ oncogen;-(Dalla-Favera et al., 1982; Taub et al., 
1982) which in turn may cause transformed cells to progress 
to full malignancy; the HuBlym-l oncogene also seems to be 
implicated (Diamond et al., 1983). 

But whatever the details of such oncogene activation 
in BL, and irrespective of whether they operate in the 
other EB virus-associated tumours, quite recent studies on 
the experimental induction of lymphomas by the virus 
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in vivo demonstrate that it can potently, rapidly, and 
directly set in motion the chain of events which leads to 
the appearance of malignant tumours (Cleary et al., 1984b). 
Such a direct role is not entirely surprising:i;-the light 
of recent findings on transformation by EB virus in vitro; 
this has often been categorized as being merely a form 
of "immortalization" (Miller, 1980), yet careful tests 
have shown that in addition to the latter phenomenon some 
cells are changed in such a way as to possess from the 
outset many of the attributes of malignant transformation 
(Zerbini and Ernberg, 1983). 

The accumulation of information both on the general 
biological behaviour of EB virus and on its role in human 
malignancies has progressed at an ever increasing pace. 
But although this is unquestionably of scientific 
importance, it has seemed for some years that the value of 
such activities would be considerably enhanced if they 
could lead to intervention against infection by the virus 
which might in consequence reduce the incidence of the 
associated tumours. It was in this context that proposals 
were put forward for a vaccine against EB virus 
(Epstein, 1976) ana considerable progress in this direction 
has subsequently been achieved. 

JUSTIFICATION FOR A VACCINE AGAINST EB VIRUS 
The striking evidence implicating EB virus, together 

with co-fact0rs, in the causation of endemic BL and 
undifferentiated NPC has already been alluded to. BL 
occurs frequently only in rather limited areas and even in 
these does not involve very large numbers (Burkitt, 1963); 
furthermore, the high incidence areas are just those with 
many more pressing medical and community health problems. 
In contrast, undifferentiated NPC is the most common 
tumour of men and the second most common of women amongst 
Southern Chinese (Shanmugaratnam, 1971), has a high 
incidence amongst Eskimos (Lanier et al., 1980), and there 
are moderately high incidence levels in North Africa 
(Cammoun et al., 1974), East Africa (Clifford, 1970), and 
through most-of South East Asia (Shanmugaratnam, 1971). 
Thus in world cancer terms undifferentiated NPC is of very 
considerable significance and is thought to be responsible 
for more than 100,000 deaths a year; this figure alone 
justifies efforts to develop a vaccine against EB virus. 

The control of a naturally occurring herpesvirus
induced lymphoma of chickens, Marekts disease (Marek, 1907; 
Payne et al., 1976), by inoculation with apathogenic virus 



605 

(Churchill et al., 1969; Okazaki et al., 1970) 
provided the first example of anti-viral vaccination 
affecting the frequency of a cancer. Later work with the 
malignant lymphoma which can be induced experimentally by 
inoculation of Her esvirus saimiri in South American sub
human primates Melendez et al., 1969) has shown that 
animals given killed virus vaccine were protected against 
challenge infection and did not therefore get tumours 
(Laufs and Steinke, 1975). Furthermore, in the Marek's 
disease system, antigen-containing membranes from cells 
infected with Marek's disease herpesvirus markedly 
reduced lymphoma incidence when used as an experimental 
vaccine in chickens (Kaaden and Dietzschold, 1974) and 
even soluble viral antigens extracted from such cells 
protected in the same way (Lesnick and Ross, 1975). 
Similar approaches with EB virus, one of the five human 
herpesviruses, have long appeared worthy of investigation. 

A VACCINE BASED ON EB VIRUS MA 
It has been known for many years that the virus

neutralizing antibodies developed by EB virus-infected 
individuals are those directed against the virus deter
mined cell surface membrane antigen (MA) (Pearson et al., 
1970; Pearson et al., 1971; Gergely et al., 1971; 
de Schryver et al.-,-1974) and this information prompted 
the suggestion that MA be used as an anti-viral vaccine 
(Epstein, 1976). 

Investigations into the molecular structure of MA have 
identified two high molecular weight glycoprotein compo
nents of 340,000 and 270,000 daltons (gp340 and gp270) 
(Qualtiere and Pearson, 1979; Strnad et al., 1979; 
Thorley-Lawson and Edson, 1979; North-;t-al., 1980; 
Qualtiere and Pearson, 1980), and the concordance between 
human antibodies to MA and EB virus-neutralization has 
been formally explained by the demonstration of these same 
glycoproteins in both the viral envelope and the cell 
membrane MA (North et al., 1980). Not surprisingly, 
therefore, monoclonal antibodies which react with both MA 
components neutralize EB virus (Hoffman et al., 1980; 
Thorley-Lawson and Geilinger, 1980) and gp340/270 can 
themselves elicit virus-neutralizing antibodies (North 
et al., 1982a). Most EB virus-producing lymphoid cell 
lin~ synthesize roughly equal amounts of gp340/270. 

REQUIREMENTS FOR A VACCINE BASED ON EB VIRUS MA 
To elaborate a vaccine against EB virus based on MA 

gp340/270, the following essential prerequisites must be 
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Only two kinds of animal are known to be fully suscep
tible to experimental infection with EB virus, the owl 
monkey (Aotus) (Epstein et al., 1973a and 1973b; 1975) 
and the cotton-top ta:marin LSaguinus oedipus oedipus) 
(Shope et al., 1973; Miller et al., 1977; Miller, 1979). 
However-:--the former "species"ha;-recently been found to 
be very heterogeneous with at least nine different 
karyotypes (Ma et al., 1976; Ma et al., 1978; Ma 1981), 
and shows considerable variation in susceptibility to 
certain infections. 

The cotton-top ta:marin is therefore the species of 
choice for experimental studies in vivo with EB virus 
even though it was placed on the-endangered species list 
some years ago. For, although there was rather little 
information about this animal and the possibility of its 
successful propagation in captivity, the necessary 
management and husbandry conditions have recently been 
defined, and flourishing breeding colonies have been 
established (Brand, 1981; Kirkwood et al., 1983; 
Kirkwood, 1983; Kirkwood and Epstein:- 1984). Neverthe
less, there are severe constraints on the numbers of the 
rare and costly ta:marins which can be used in each 
experiment, similar to those operating in work with 
hepatitis B virus where biological tests require the use 
of chimpanzees. Because of these constraints, it is 
also necessary to test all methodologies with banal 
laboratory animals (which will make antibodies, for 
exa:mple, even though they cannot be infected with EB 
virus), before applying them to the ta:marins. 
An assay for MA gp340 

In order to work out an efficient and reliable method 
for the preparation of antigen, it is essential that the 
product can be quantified and monitored at each step to 
permit modifications which maximize yields. Accordingly, 
a highly sensitive, quantitative radioimmuno-assay (BIA) 
was developed for gp340. Small a:mounts of this molecule 
were prepared in extremely pure, radioiodinated form, 
were shown to be antigenic, and were thereafter used in a 
conventional competition RIA to quantify unlabelled sa:mples 
of gp340 using a defined system of arbitrary units. A 
full account of the RIA has been published elsewhere 
(North et al., 1982b). 

A preparation method for MA gp340 



607 

As mentioned above, EB virus-producing cell lines 
usually synthesize equal amounts of gp34o/270, but the 
B95-8 marmoset line (Miller et al., 1972) is anomalous in 
that it expresses almost exclusively the larger component, 
thus providing an important advantage for molecular mass
based purification. With the crucial help of the RIA a 
preparative sodium dodecyl sulphate polyacrylamide gel 
electrophoresis (SDS-PAGE) procedure was worked out for 
gp340 from B95-8 cell membranes which included an important 
new technique for ensuring that the product was renatured 
and thus in an antigenic form. This was achieved by 
removing SDS under conditions where protein refolding was 
prevented; the details have already been given (Morgan 
et al., 19831. 
~h~cement ofimmunogenicity of MA gp340 

gp340 made by the method just described proved only 
weakly immunogenic in mice and rabbits after repeated 
inj ection and the use of Freund t s adjuvant. To eliminate 
the need for these two disadvantageous procedures gp340 
was incorporated in liposomes (Morein et al., 1978; 
Manesis et al., 1979), sometimes with the-addition of 
lipid A (Naylor et al., 1982), and comparative 
immunogenicity studies were undertaken to determine the 
best routes and methods of administration. Liposomes 
containing gp340, with or without lipid A, gave good 
titres of EB virus-neutralizing antibodies in mice, 
rabbits, and cotton-top tamarins after rather few inocu
lations, and all the sera were specific in that they 
reacted only with MA gp340 and failed to recognise any 
other molecules from the surface or interior of B95-8 
cells. These experiments have been reported in full 
(North et al., 1982a; Morgan et al., 1984a). 
A test ~r-antibodies to MA gp340--

In order to exploit immunogenicity studies to the full 
a sensitive test to quantitate antibody responses to 
gp340 was essential. A rapid enzyme-linked immunosorbent 
assay (ELISA) has therefore been developed based on gp340 
purified by affinity chromatography using a monoclonal 
antibody immunoabsorbent (Randle et al., 1984). This 
ELISA has proved a thousand-fold mOre sensitive than 
conventional indirect immunofluorescence tests and has 
made it possible to follow accurately the sequential 
production of specific antibodies to gp340 during the 
immunization of animals. The ELISA is described in a 
recent pUblication (Randle and Epstein, 1984). 
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VACCINATION OF COTTON-TOP TAMARINS 
To demonstrate vaccine protection of immunized tamarins 

a dose and mode of administration of challenge EB virus 
has been worked out which will ensure the induction of 
lesions in 100% of unprotected normal animals. The 
lesions have been extensively investigated and both on 
histological (Dorfman et aI., 1982) and molecular biologi
cal (Arnold et al., 1983;--Cleary et al., 1984a) grounds 
must clearlyberegarded as 1Ualignantlymphomas with 
several interesting features (Cleary et aI., 1984b). 
Pilot experiment -- --

When this challenge dose of virus was used in a small 
scale preliminary experiment, a vaccinated animal whose 
serum had been shown to have potent virus-neutralizing 
capacity (Pearson et al., 1970; Moss and Pope, 1972) was 
found to be totally protected, whereas other animals with 
less neutralizing antibody were not (Epstein, 19841. 
Confirmatory experiments 

The demonstration that purified gp340 in liposomes can 
induce virus-neutralizing antibodies in cotton-top 
tamarins and the preli1Uinary indication that these protect 
against a highly pathogenic doge of challenge virus, 
provide a clear mandate for confirmatory tests with larger 
numbers of the expensive animals. 

In this connection evaluation is under way both of gp340 
obtained by the molecular mass-based technique (Morgan 
et al., 1983) used from the outset and of gp340 purified 
by the more recent monoclonal antibody imrnunoaffinity 
chromatography method (Randle et al., 1984). Comparison 
of the protection induced by inoculation of these two 
types of material should give valuable insights into the 
biological complexity of gp340, since the first of the 
two preparation procedures presumably yields all epitopes 
on molecules of the appropriate molecular weight, whereas 
the monoclonal antibody is known to bind only about 50 to 
60% of the epitopes (Randle et al., 1984). It will be 
interesting to see which imm~ogen is most efficacious. 

DEVELOPMENTS FOR THE FUTURE 
Once it has been confirmed that experimentally induced 

antibodies to EB virus-determined MA components indeed 
protect tamarins against infection by the virus, the 
situation will be exactly comparable to that long known for 
the Marek's disease herpesvirus and Herpesyirus saimiri 
systems (Kaaden and Dietzschold, 1974; Lesnick and Ross, 
1975; Laufs and Steinke, 1975). Planning for a gp340-
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based YB,cc:J.ne for man should thus be considered sooner, 
rather than later. 

The most advantageous' Ituman context in which to test 
such a vaccine is in relation to infectious mononucleosis 
(IM). It is well known tliat in Western countries groups 
of young adults can be screened to detect those who have 
escaped primary EB virus infection in childhood and who 
are therefore at risk for delayed primary infection which 
is accompanied by the clinical manifestations of IM in 50% 
of cases (Niederman et al., 1970; University Health 
Physicians et al., 1971~ Screening could therefore be 
applied to ne~tudents entering Universities or Colleges 
followed by a double blind vaccine trial amongst informed, 
consenting volunteers in the "at risk" category. The 
effectiveness of immunization in preventing infection and 
reducing the expected incidence of IM would rapidly be 
evident. 

Thereafter, the effect of vaccination and consequential 
prevention of disease should be assessed in a high 
incidence region for endemic BL. This tumour has a peak 
incidence at about the age of seven (Burkitt, 19631 and 
the influence of vaccination on this should therefore be 
apparent within a decade. If this were successful there 
would then be inescapable reasons for tackling the far 
more difficult, but more important problem of intervention 
against undifferentiated NPC. Since this is a disease of 
middle and later life in high incidence areas 
(Shanmugaratnam, 1971) immunity would have to be maintained 
over many years. 

MA components prepared in the ways discussed here 
(Morgan et al., 1983; Randle et al., 1984) have never 
been considered suitable for anything beyond the present 
experimental prototype vaccine (Epstein, 1984). It was 
therefore important to know something of the structure of 
gp340 and of the contribution, if any, of the sugar 
moiety to antigenicity. Experiments have been undertaken 
in which gp340 was analysed after treatment with a 
battery of glycosidases and v8 protease, with or without 
preliminary exposure during synthesis to tunicamycin. 
This work, reported by Morgan et al. l1984b), has shown 
that carbohydrate represents mo;e~han 50% of the total 
mass of gp340, that it is both 0- and N-linked, that 
v8 protease digestion fragments are antigenic, and that 
specific antibody appears to bind the protein not the sugar. 

The seemingly preponderant importance of the protein in 
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the immunogenicity of gp340 means that for use in man the 
possibility of exploiting new procedures can be explored. 
The fragment of EB virus DNA carrying the gene coding for 
MA has already been identified (Hurrunel et al., 1984) and 
the sequence probably relating to this gene is also known 
(Biggin et al., 1984). The potentiality for cloning the 
gene and seeking to make the product by expression in 
suitable pro- or eukaryotic cells is thus very real. In 
addition, it can be readily envisaged that the practicabi
lity of using synthetic gp340 peptides as immunogens will 
soon be investigated. And however the subunit vaccine 
molecule is ultimately obtained, yet further possibilities 
lie in the direction of greatly enhanced immunogenicity 
using powerful new adjuvants (Morein ~ al., 1984). 

Finally, there is an excellent chance that it may prove 
feasible to incorporate the EB virus MA gene into the 
genome of vaccinia virus and thus ensure its direct 
expression during vaccination in man (Smith et al., 1983). 
Such an achievement could well solve many of the biological 
and logistic problems of an EB virus vaccine intended for 
intervention in relation to undifferentiated NPC. 
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The inception of antiviral therapy for Epstein-Barr 
virus infection. now upon us. is complicated by the 
different forms and states of EBV infection. EBV can 
ca use at 1 ea st four and probably five types of infection: 
1) acute (both primary and reactivated). 2) persistent. 3) 
latent. 4) oncogenic and 5) abortive. Fortunately. all of 
these virologic states are mimicked in cell culture. and 
thus it is possible to study the effects of antiviral 
drugs i~ vitro in ways that may be predictive of the 
effects of the drugs in vivo. Moreover. as we work 
out the mechanisms of the virus-cell relations in these 
various states of EBV infection. we can begin to 
rationalize both effects and predictions. In this talk. I 
shall review the drugs now known to be effective against 
EBV in vitro and discuss aspects of the pharmacologic 
action of some of these drugs about which most is known. 
I shall then focus on what effect the drugs have on each 
of the virus-cell relations already cited. and conclude 
with predictions of whether these drugs are anticipated to 
be effective in the different human disease states with 
which EBV is associated. 

li~Y=~£ll_~~£~£m£. EBV exists in HRI 
B-lymphoblastoid cells in a chronic virus-producing state 
equivalent to persistent infection. Only a minority of 
cells is producing virus at any given time. If such a 
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cell culture is treated with an inducing agent such as the 
phorbol ester. TPA. then the major subset of 
non-virus-producing cells in the culture. which contain 
latent viral genomes. is induced to produce virus. 
mimicking virus reactivation. Acute infection is mimicked 
i~ Yi~Q by infecting Raji cells with EBV harvested 
from P3HR-1 cells; although exogenous virus is used for 
infection. and a rapid infectious cycle ensues. this is 
not a true primary infection inasmuch as the Raji cells 
already have endogenous viral genomes which in some way 
contribute to the outcome. perhaps through recombination 
with exogenous virus. Raji cells provide an intensively 
studied cellular model of latent EBV infection; the 
molecular basis for the latent state of the infection 
seems to be the plasmid or episomal form of the EBV 
genome. Cell models also exist for the oncogenic 
relation. Presumably the true oncogenic state is captured 
in malignant cells explanted from Burkitt's lymphomas. but 
such cells also contain latent viral genomes in the form 
of EBV plasmids. Such cell lines. which are monoclonal. 
may also contain covalently integrated EBV DNA sequences. 
A B-Iymphocytic line exists that contains only integrated 
viral sequences without episomal forms (Namalwa). 
Finally. there is a fifth virologic state which seems to 
exist. both in nature and in in vitro models. that is 
now becoming better defined. namely. abortive infection. 
In vitro this state is produced by exposing Raji cells 
to TPA which causes activation of EBV gene expression with 
production of early antigen. but the activation of the 
genome is aborted and replication of EBV genomes does not 
ensue. In vivo. there is beginning evidence that some 
kind of corresponding virologic state occurs in 
nasopharyngeal carcinoma in which activated EBV gene 
expression appears to begin but stops short of virus 
replication in the tumor tissue. 

Drugs that inhibit EBV replication in vitro. Among 
the first drugs shown to be effective in vitro were 
phosphonoacetic acid and phosphonoformic acid (Summers. et 
al •• 1976; Datta and Hood. et al •• 1981). The action of 
these two drugs seems to depend on their ability to 
interact at the pyrophosphate binding site. and thus these 
drugs directly affect EBV DNA polymerase and do not 
require prior phosphorylation. Adenosine arabinoside has 
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some inhibitory effects on EBV replication in vitro, 
but the drug has not been studied in vivo (Benz, et 
al., 1978). Acyclovir is an effective inhibitor with an 
EDSO of 0.3 ~mole (Lin, et aI, 1984). 
E-S-r2-bromovinyl)-2'-de oxyuridine (BVDU) has the same 
relative efficacy in vitro but has not been used in 
Y.!Y.Q. (Lin, et aI., 1982). 9-(1,3-dihydroxy-2-
propoxymethyl) guanine (BW7S9U, DHPG) is about six tiDIes 
more active i~ yitro than Acyclovir with an EDSO of 
O.OS ~mole (Lin, et aI., 1984). The halogenated 
nucleoside analogs, 1-2(deoxy-2-fluro-7-D-ara
binofuranosy l)-S-iodocytosine (FIAC), 
1-(2-deoxy-2-fluoro-7 -D-arabino furanosyl)-S-methyl
uracil (F~~U) are approximately ten times more active than 
DHPG and SO times more active than ACV in vitro (Lin, 
et a1., 1982). 

Mechanism of Acyclovir. In herpes simplex virus 
infection, Acyclovir is first monophosphorylated by 
virus-encoded thymidine kinase and then di- and 
triphosphorylated by cellular enzymes. The triphosphate 
is the active form of the drug which specifically 
interacts with EBV DNA polymerase; ACV-triphosphate has 
at least 100-fold greater affinity for the viral than the 
normal cellular polymerase (Elion, et al., 1977). In 
EBV-infected cells, monophosphorylation of ACV seems to be 
accomplished by cellular kinases, as yet unidentified, 
rather than by EBV-encoded TK inasmuch as an EBV TK has 
not been positively identified or isolated, nor is 
phosphorylation of ACV in EBV-infected cells as efficient 
as it is in HSV-infected cells (Pagano and Datta, 1982. 
Colby, et al., 1981). The specificity of the action of 
ACV and hence its relative nontoxicity thus depends on 
either selective phosphorylation of the drug in 
virus-infected cells or preferential affinity of the 
drug-triphosphate for the viral versus the cellular 
polymerases, or both. The relative contributions of these 
various steps in the action of the drug differ with the 
different herpesviruses (Pagano and Datta, 1982). The 
nontoxicity of Acyclovir is also promoted by the 
localization of the active form of the drug in infected 
tissue inasmuch as ACV-triphosphate cannot permeate normal 
cell membranes and hence is present in greatest 
concentration in cells best able to carry out 
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phosphorylation, i~. infected cells. and in cells 
possessing viral polymerase with high affinity for the 
triphosphate. However. all these effects are relative, 
and small amounts of the drug are phosphorylated in normal 
tissue, the amount depending on cell type and cellular 
metabol ism. 

The nature of the interaction with herpesvirus 
polymerases is as a competitive inhibitor of dGTP. There 
is evidence for both reversible (Datta. et al., 1980) and 
nonreversible aspects of this interaction (Furman. et al •• 
1984). In HSV infection. ACV triphosphate is incorporated 
into the DNA; the incorporation causes immediate chain 
termination and binding of the viral polymerase. 
Incorporation into EBV DNA probably also occurs (work in 
progress). The likelihood of incorporation into viral DNA 
is much greater than it is into cellular DNA because of 
the much greater affinity of the drug for the viral 
polymerase and the presence of triphosphorylated drug in 
greater concentrations in virus-infected tissue, at least 
in HSV infection. 

Effects on Protein Synthesis. Recently. Lin. et 
al., 1985. have obtained evidence indicating that nHPG is 
much more efficiently phosphorylated in REV-infected cells 
than is ACV. which may help to explain why DHPG is the 
more effective inhibitor. The affinity of EBV DNA 
polymerase for DHPG-triphosphate is under study. ACV and 
DHPG also have effects. presumably secondary. on EBV 
polypeptide synthesis in infected cells. HSV polypeptides 
have been classified by Roizman. as 11, which are 
independent of but amplified by viral DNA synthesis. and 
12, which are stringently dependent on viral DNA 
synthesis. Although a similar subdivision of EBV late 
polypeptides has not as yet been defined. late EBV 
polypeptides that appear not to be synthesized at all and 
others which are synthesized in relatively reduced amounts 
in the presence of ACV have now been pinpointed. nHPG has 
similar but greater effects than ACV in this regard (Lin. 
et al., 1984). However. the majority of EBV polypeptides 
are synthesized normally which suggests that viral 
polypeptides arising in EBV-cell states that do not 
involve viral DNA replication will be unaffected by these 
drugs. 
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Reversal of Drug Action. Because EBV infection 
states involve persistent replication or at least 
persistence of viral genomes. what happens after an 
effective drug is removed from the infected cells is of 
prime importance and likely to be relevant to treatment 
issues. When ACV is applied to the virus-producing HRl 
cell line. free viral DNA replication is rapidly abolished 
and virus production ceases. However. a persistent 
fraction of viral DNA does remain. detectable by 
hybridization. in the treated cell cultures. Upon removal 
of the drug. viral DNA replication and virus production 
resume rapidly and are soon restored to the levels before 
treatment. Essentially. virus replication is suppressed 
so long as the drug is present. This reversibility of 
inhibition suggests either that the drug triphosphate is 
reversibly bound to viral DNA polymerase or that new 
polymerase molecules are generated and become functional 
upon removal of the drug. There is some preliminary 
evidence indicating that viral DNA polymerase. which is 
probably an early polypeptide. is synthesized even in the 
presence of the drug but remains inactive. Another line 
of evidence pointing to the possibility that the 
interaction between ACV triphosphate and EBV DNA 
polymerase is reversible comes from studies of the 
kinetics of the interaction of the triphosphate with EBV 
DNA polymerase in vitro (Datta. et a1.. 1980). On the 
other hand. there is increasing evidence that. at least in 
the case of HSV DNA replication. ACV triphosphate 
interacts irreversibly with viral DNA polymerase forming a 
complex with DNA into which the drug incorporates thereby 
immediately terminating chain elongation (Furman. et al •• 
1984). New studies are underway to ascertain whether the 
interaction of the triphosphate with EBV DNA polymerase is 
also irreversible. 

This important issue is made even more interesting by 
the recent observations that different inhibitors behave 
differently with respect to duration of drug effect after 
removal. DHPG is more strongly inhibitory than ACV. and 
FMAU even more so. In addition. after removal of DHPG 
from the virus-producing cell line. the kinetics of 
recovery of virus production follow a slower course. 
taking approximately 21 days for a full restoration of EBV 
DNA content to pre-drug exposure levels. The persistent 
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drug effect after removal is even more remarkable in the 
case of FMAU - more than 58 days (Lin, et al., 1983). 
These different kinetics of recovery of virus replication 
probably point to different modes of action of all three 
drugs in this respect, but the basis is as yet unknown. 
The differences in degree of persistent effects seem 
unlikely to be due merely to differences in drug 
metabolism, but are possibly related to consequences of 
incorporation of drug into DNA. 

Latent infection. All of the drugs so far tested 
have no effect whatever on replication of the episomal 
form of the EBV genome in Raji cells, regardless of the 
differences in potency and mode of action of the various 
drugs. This lack of effect is quite independent of drug 
phosphorylation inasmuch as neither Acyclovir, which is 
poorly phosphorylated in lymphoblastoid cells, nor DHPG, 
which is better phosphorylated, has any effect on the 
latent infection. Moreover, phosphonoformate, which does 
not require phosphorylation, also is without effect on EBV 
plasmid replication. In HR-1 cells the residual EBV 
genomes that persist in the presence of high inhibitory 
concentrations of the drugs are present in the form of EBV 
episomes or plasmids. Thus, two forms of the EBV genome 
are replicated in P3HR-1 cells: linear genomes that become 
encapsidated and circular genomes that remain 
intracellular. The circular episomal genomes, which are 
present in a nucleosomal arrangement in the host-cell DNA, 
are evidently replicated by host DNA polymerase rather 
than by the viral polymerase, as inferred from the effects 
of the inhibitors. It is well established that Acyclovir 
spares host DNA polymerase activity while inhibiting 
polymerization by the viral enzyme, and it may also be 
inferred that FMAU has a similar dichotomy of effect on 
the two classes of polymerase. At this point, it appears 
that only cytotoxic drugs are liable to have any effect on 
the maintenance of EBV episomal forms, but such drugs 
would at the same time produce general, nonselective 
effects on cellular replication and viability. 

Transformation. It is now quite clear from the 
work of Rickinson and Epstein (1978) and Sixbey and Pagano 
(1985), that as anticipated by Lemon, et a1. (1978), 
transformation or immortalization of lymphocytes by EBV 
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can be accomplished in the presence of levels of Acyclovir 
that are greater than the ED90 for replication of EBV. 
In other words. transformation is not mediated by action 
of the viral DNA polymerase and by a consequent round of 
viral DNA replication. However. a number of EBV genomes 
in the form of episomes do in some way become established 
in the immortalized cells. The number of EBV episomes is 
limited either in the presence or absence of the drug. and 
the immortalized cells do not make virus. Cell lines 
including Burkitt's lymphoma cells that are already 
transformed are also essentially unaffected by these 
antiviral drugs iA Yi~~. The only effects so far 
observed on transformed cells are dose-dependent cytotoxic 
effects that are probably nonselective. 

EEV Pathogenesis and Predictions about Therapy One 
view of the pathogenesis of EBV infection is that EBV 
enters the body through oropharyngeal contact and 
primarily infects epithelial cells in the oropharynx 
(Sixbey. et al •• 1984; Sixbey and Pagano. 1984). These 
cells located somewhere in the oropharynx support the 
active replication of the virus which is excreted in the 
saliva; the virus also replicates in epithelial cells 
found in the parotid gland or its duct. A secondary cell 
target is the B-Iymphocyte. and these cells. which are 
known to bear EBV receptors. are probably infected very 
early in the course of infection. However. the 
B-lymphocytes do not appear to be sites of active 
replication of the virus in normal hosts; rather a small 
percentage of circulating B-lymphocytes harbor latent EBV 
genomes and display expression only of EBV antigens not 
associated with replication of virus. Although these 
cells do not support virus replication. they are induced 
into lymphoproliferation which is polyclonal in nature and 
limited by the normal host immune responses. All of these 
events occur in acute infectious mononucleois and also 
presumably in silent EBV infection. 

Therefore we might predict that the drugs discussed 
would interfere with virus that is replicated in 
epithelial cells and shed in the oropharynx. suppressing 
replication while drug is being administered. Since 
infection of B-Iymphocytes probably occurs early in 
infection. the drug would have no effect on the already 
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latently infected B-lymphocytes. Preliminary results of a 
trial of Acyclovir in patients with acute infectious 
mononucleosis have confirmed these predictions (Pagano. et 
al •• 1983). In the patients administration of Acyclovir 
transiently suppressed virus excretion but did not abolish 
it. nor was there any effect on the ability to establish 
EBV infected B-lymphocyte lines from the peripheral blood 
of patients being given Acyclovir. However, it is 
reasonable to expect that suppression of virus production 
would reduce the number of B-lymphocytes that become newly 
infected with EBV during the course of infection, perhaps 
with favorable effects. Moreover, a respite in virus 
replication might tip the balance in favor of the host 
immune mechanisms and aid in recovery even though virus 
replication and excretion eventually resumed. In fact. 
shedding of virus in the oropharynx may continue 
asymptomatically for years even in untreated patients. 
Finally. some of the manifestations of acute EBV infection 
in mononucleosis such as Guillan-Barre syndrome. 
hepatitis. and suppression of various aspects of 
hemopoiesis are believed to be manifestations of secondary 
immune responses to latently infected EBV lymphocytes. 
These immunologically based manifestations should be quite 
indifferent to the inhibitory effect of the antiviral 
drugs except insofar as continuing amplification of the 
population of EBV-infected lymphocytes by spread of 
infection to additional lymphocytes would be interrupted. 
Burkitt's lymphoma seems to be a consequence of one or 
more additional steps in this pathogenetic scheme with 
chromosomal translocations producing critical activation 
of a cellular oncogene (£=m~£) which leads to a 
monoclonal B-Iymphocytic malignancy. None of the 
cytogenetic. molecular or cellular changes is likely to be 
susceptible to the action of Acyclovir or the other 
presently available drugs. 

In nasopharyngeal carcinoma tissue, EBV episomes are 
found in the epithelial elements of the neoplasm. 
Presumably. the transformed epithelial cells arise from 
rare epithelial cells infected many years earlier but not 
lysed by the virus. The bulk of evidence indicates that 
NPC tissue does not contain antigens associated with viral 
replication. Recently. evidence has been developed of an 
apparent activated transcriptional state in some NPC 
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tissues (Raab-Traub, et al., 1983), but this activation of 
gene expression is believed to stop short of virus 
replication, and therefore it is unlikely that Acyclovir 
would have any effect on this process. The drug would 
also not be expected to have an effect on the already 
transformed epithelial cells bearing EBV episomes. One 
conceivable point of action might be synthesis of N{V 
polypeptides equivalent to the y2 class of HSV 
polypeptides. If these late polypeptides are among those 
that begin to be synthesized during the activated 
transcriptional state found in some NPC's, their synthesis 
might be limited insofar as it depends upon amplification 
of viral DNA templates. However, it is not yet known 
whether any late polypeptides are in fact produced in NPC, 
and if they are, what their pathologic consequences might 
be. 

In the case of NPC, there is, however, some evidence 
to suggest that reactivation of EBV may precede or even 
trigger the onset of the decrease. This evidence rests 
primarily on IgA responses to EA and VCA that precede (but 
do not necessarily lead to) the appearance of a 
significant percentage of NPC's (de The, 1982). It is not 
known whether these antibody responses signify 
full-fledged virus replication. abortive replication, or 
merely an activated transcriptional state, nor is it yet 
clear precisely where these antigenic stimuli arise at the 
cellular level. However, if reactivation of viral 
replication is a necessary prelude to NPC, then effective 
nontoxic antiviral drugs given prophylactically to 
high-risk patients in NPC endemic areas might interfere 
with appearance of the malignancy. 

In the case of invasive B-lymphocytic proliferation 
that occurs in immunocompromised hosts, there have been 
anecdotal reports of an apparent efficacious effect of 
Acyclovir on polyclonal B-cell proliferation (Hanto, et 
al., 1982). However. in two patients with a congenital 
immune defect Acyclovir appeared to have no effect 
(Sullivan, et al., 1984). From a theoretical point of 
view. we would not expect that either polyclonal or 
monoclonal B-lymphocytic proliferation based on already 
infected B-lymphocytes would be affected by the antiviral 
drugs. However, if lymphoproliferation in such patients 
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is based on continuing infection of additional 
B-Iymphocytes. then antiviral drugs might indirectly curb 
polyclonal lymphoproliferation. In all probability, the 
intensity and nature of the immune defect would also 
determine outcome, with lymphoproliferation in milder 
acquired immune defects being more susceptible to 
treatment. 

In conclusion, we now have at least one drug 
available for testing in acute infection states, either 
primary or reactivated, that may well have therapeutic 
effects in human beings. Other drugs still confined to 
the laboratory may point the way to therapeutic agents 
useful for treatment of persistent infection states. No 
drugs that have been identified until now specifically 
inhibit latent EBV infection or growth transformation of 
EEV-infected lymphocytes. The treatment of these crucial 
EEV infection states presently lies beyond our reach and 
will probably require a deeper level of understanding of 
the mechanism of establishment and maintenance of the 
latent EBV episomes and the transformed state before 
further progress. Nevertheless, the prospects for 
treatment of EBV infections have brightened substantially 
in the short interval since the effect of Acyclovir on EBV 
replication was first described in 1980 (Colby, et aI., 
1980) • 
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SUr~MARY 

A consideration of the association of EBV and Bur
kitt's lymphoma suggests that there is a correlation be
tween the incidence of Burkitt's lymphoma and the propor
tion of EBV-associated tumors. There appears to be, how
ever, a similar incidence of EBV-negative Burkitt's lym
phomas throughout the world. This suggests that there are 
at least 2 subtypes of Burkitt's lymphoma, and that the 
incidence of the EBV-associated variety is particularly 
dependent upon environmental factors, one of which is 
early infection with EBV. There are marked clinical dif
ferences between tumors in Equatorial Africa and in North 
America which probably reflect differences in phenotype, 
and the presence of EBV may lead to a different response 
to treatment. 

Recently, the occurrence of Burkitt's lymphoma in pa
tients with AIDS has been described. This is likely to 
provide additional clues to the pathogenesis of the EBV
associated form of Burkitt's lymphoma. B-cell hyper
plasia, whether due to a direct stimulating effect on B
cells, or a failure of T-cell suppression or cytotoxicity, 
appears to be an important prodromal phase of Burkitt's 
lymphoma. Novel approaches to intervention, including 
both prevention and therapy are likely to be developed as 
the precise mechanism of pathogenesis are further worked 
out. 
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OCCURRENCE OF BURKITT'S LYMPHOMA 

The observation that Epstein-Barr virus (EBV) is 
associated with Burkitt's lymphoma arose directly from 
the original observations of Dennis Burkitt and his col
leagues that Burkitt's lymphoma in Africa is found in high 
frequency only in a geographical region extending approxi
mately 15° north and south of the equator, with a southern 
prolongation along the east coast in the region of Mozam
bique (Burkitt, 1962b). This epidemiological survey was 
based on the occurrence of jaw tumors rather than histol
ogy and it has subsequently become clear that histologic
ally identical tumors, manifested infrequently as jaw 
tumors, occur at a much lower frequency outside this 
"lymphoma belt" (Dorfman, 1965; O'Conor, 1965). Although 
the geographical distribution in Africa suggested to early 
observers the participation of a vectored virus, and led 
to Epstein's studies, the nature of the association be
tween Burkitt's lymphoma and EBV remains ill-defined. 
EBV is ubiquitous, but the age at which infection occurs 
is much earlier in developing countries (Henle and Henle, 
1979). Although this could be a factor in the development 
of Burkitt's lymphoma, the early age of primary EBV infec
tion is insufficient to account for the existence of the 
particularly high incidence in Equatorial Africa, and 
there can be little doubt that other environmental factors 
are involved in the pathogenesis of this tumor. Based on 
epidemiological observations, malaria is a leading can
didate, but direct evidence for its participation has not 
been obtained. 

With the recognition that Burkitt's lymphoma in the 
United States and Europe is, in general, not EBV assoc
iated, questions regarding the definition of Burkitt's 
lymphoma were raised. This issue has been further con
founded in recent years by the observation that Burkitt's 
lymphoma in certain North African countries has a high 
rate of EBV association (Lenoir et al., 1984), and that 
Burkitt's lymphoma occurs at high frequency in homosexual 
men, particularly if in the prodromal or overt phases of 
the aquired immunodeficiency syndrome (AIDS) (Ziegler et 
al.,1984). Although the numbers of tumors examined is 
still small, a high proportion of the Burkitt's lymphomas 
occurring in AIDS appear to be EBV associated (6 of 8) 
(Ziegler et al., 1982; Whang-Peng et al., 1984). 
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THE DEFINITION OF BURKITT1S LYMPHO~~ 

In 1969 a panel of distinguished pathologists, assem
bled under the auspices of the World Health Organization, 
provided a "definitionll of Burkitt1s lymphoma acceptable 
to the majority of the panel members (Berard et a1., 1969). 
It should be born in mind that this was a histological 
definition and therefore could not be precise. The prob
lems of the histological definition have been particularly 
apparent outside Africa. In the modified Rappaport class
ification of non-Hodgkin1s lymphomas, the subtype "undif
ferentiated lymphoma" is divided into Burkitt1s type and 
non-Burkitt1s type. In order to make this distinction, the 
pathologist is required to judge the degree of uniformity 
of the cells and to estimate certain other features such 
as the proportion of cells containing a single nucleolus. 
In the absence of numerical descriptors it is not surpris
ing that this distinction has been difficult to make re
producibly, even within a single department of histopath
ology. The possibility that more objective criteria may 
be of value should be considered. 

Burkitt1s lymphoma is unquestionably of B-ce11 origin, and 
the vast majority of cases (regardless of the country of 
origin) express surface IgM and various other B-ce11 spec
ific or B-ce11 associated antigens such as B1, B4, BA1 and 
HLA-DR. These markers do not differ, however, between un
differentiated nonBurkittls and Burkitt1s lymphoma (Sand
lund et a1., in press). Correlation of histology with the 
presence of an 8;14, 8;22 or 2;8 translocation, reveals 
that not only histologically defined Burkitt1s lymphoma, 
whether Equatorial African, North African or North Ameri
can, but also undifferentiated non-Burkitt1s lymphoma, and 
a proportion of large cell lymphomas, contain the same 
cytogenetic abnormalities. In our series of undifferen
tiated lymphomas at the National Cancer Institute, freshly 
examined tumors and also cell lines derived from lymphomas 
contain either an 8;14 or an 8;22 translocation regardless 
of whether they were diagnosed as Burkitt1s or non-Bur
kitt1s lymphomas (Sand1und et a1., in press). In Bloom
fie1d 1s series of non-Hodgkin1s lymphoma, approximately 
50% of the 8;14 translocations detected were present in 
large cell lymphomas, while the remainder were found in 
undifferentiated lymphomas (designated as small, non
cleaved cell lymphomas, a category which includes undiffer
entiated lymphomas of both Burkitt1s and non-Burkitt1s 



types) (Bloomfield et al., 1983). These findings indicate 
that either the histological categories do not designate 
separate entities, or the same cytogenetic abnormalities 
can occur in several different diseases. 

EBV ASSOCIATION OF BURKITT'S LYMPHOMA 

As mentioned above, the majority of Burkitt's lym
phomas in equatorial Africa contain EBV DNA. There is 
however a small proportion of tumors, 4 or 5%, which are 
not associated with EBV (Lenoir et al., 1984). Since pa
tients with EBV-negative tumors possess anti-EBV antibod
ies (Magrath, 1984), it is difficult to escape the conclu
sion that African EBV positive and negative tumors differ 
phenotypically to at least a small degree; a conclusion 
which implies that the clinical features of these sub
types may differ, and also that EBV positive and negative 
tumors differ pathogenetically. 

The majority of North American Burkitt's lymphomas, 
although EBV negative, also arise in patients who have an
tibodies against EBV. The incidence of Burkitt's lymphoma 
in North America is rather difficult to determine because 
of a lack of uniformity and reproducibility in histolog
ical diagnosis. Assuming that this disease accounts for 
between 1/3 and 1/2 of all childhood with non-Hodgkin's 
lymphomas, however, the incidence must lie somewhere be
tween 1 and 5 per million children below the age of 16. 
In Equatorial Africa, on the other hand, the incidence 
of Burkitt's lymphoma is between 50 to 100 per million, 
with 2 to 5 cases per million being EBV negative. Clearly, 
the incidence of EBV negative Burkitt's lymphoma in North 
America and Equatorial Africa is very similar, and the 
question must be raised as to whether EBV association does 
distinguish two separate variants of the disease. Since 
no distinguishing histological features have so far been 
detected between EBV positive and EBV negative Burkitt's 
lymphoma, confirmation or refutation of this possibility 
will be dependent upon careful comparison of the clinical 
features of these two diseases, coupled to a detailed 
comparison of their respective phenotypes. The possibil
ity that there may also be subtle differences in the 
genetic abnormalities, at least at a molecular level, 
cannot be excluded. 
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Recently, it was reported that 85 to 90% of North 
African Burkitt's lymphomas are associated with EBV 
(Lenoir et al., 1984). This figure is a little lower than 
in Equatorial Africa, but markedly higher than in the 
United States and France. Unfortunately, good incidence 
figures for North Africa are not yet available. It seems 
probable, however, that this is an intermediate incidence 
area. Although there are very few data points, there 
appears to be a correlation between the incidence of Bur
kitt's lymphoma in different parts of the world and the 
proportion of tumors which are EBV-associated (Figure 1). 
To confirm this, it will be important to study the inci
dence and EBV association of Burkitt's lymphoma in South
east Asia, the Middle East, and South America, where in
formation remains scanty. It is entirely possible that in 
some parts of the world a more even distribution between 
EBV positivity and negativity of Burkitt's lymphomas will 
be observed, permitting the collection of more meaningful 
clinical and epidemiological information relating to these 
two sub-categories. The collection of information of this 
kind promises to provide more direct insights into the 
significance of the EBV association of Burkitt's lymphoma. 
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Fig. 1. Graphic depiction of incidence of EBV-associated 
Burkitt's lymphoma (upper curve) in various parts of the 
world. Dotted line indicates lack of data. The incidence 
of EBV-unassociated Burkitt's lymphoma is represented by 
the lower line, just above the horizontal axis. 



CLINICAL DIFFERENCES BETWEEN BURKITT'S LYMPHOMA 
IN EQUATORIAL AFRICA AND NORTH AMERICA 

Although, ideally, a comparison between EBV-assoc
iated and EBV negative Burkitt's lymphoma should take 
place within a single geographical area, at present we are 
limited, because of numerical considerations, to a compar
ison of Equatorial African and North American Burkitt's 
lymphoma. Such a comparison is, however, of considerable 
interest. 

Striking differences can be discerned between African 
and North American tumors with regard to the frequency of 
involved sites both at presentation and relapse, and in 
the clinical course of the patients who do not achieve 
continuously sustained remission (Magrath, 1984). One 
of the most obvious differences is the very low incidence 
of jaw tumors in North American patients. Even when jaw 
tumors are present, they differ in several respects from 
those of African children (Sariban et al., 1984). Firstly, 
the frequency is higher in females, as opposed to the male 
predominance seen in Africa; secondly, tumors are usually 
smaller and involve only a single jaw quadrant in the USA, 
as opposed to multiple quadrants in the majority of Afri
can children; thirdly, there is no age association, in 
contrast to African Burkitt's lymphoma (Burkitt, 1962a) 
(Figure 2). Paraplegia and involvement of salivary and 
thyroid glands are rare in the United States and orbital 
involvement almost never occurs. In contrast, these sites 
of involvement are not uncommon in the African child. 
Nasopharyngeal involvement which almost never occurs in 
Africa, is seen occasionally in the American patient. 
Marrow involvement occurs in 20% of American patients at 
the time of presentation and cryptic involvement is pres
ent in a further 17% (minimum figure) (Benjamin, et al., 
1983), so that 35-40% of patients have marrow involvement 
at presentation. Further, there is marrow involvement at 
some time in almost 100% of patients in whom treatment 
is unsuccessful (Magrath and Sariban, in press). In 
African children only 7 to 8% of patients have marrow 
involvement at any time in the course of their disease, 
although the possibility of cryptic involvement has not 
been examined (Magrath, 1984). 
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0-5 yrs 70% 
0-14 yrs 54% 
14+ yrs 24% 

AGE Iyearsl 

Fig. 2. Frequency of jaw tumors (black histograms) by age 
in an African series (Burkitt, 1962a) - upper graph, and 
an American series (Sariban et al., 1984) - lower graph. 
In the upper graph, the total number of cases at each age 
is indicated by the un shaded histograms. 

Meaningful comparisons between Equatorial African and 
North American Burkitt's lymphoma with regard to the out
come of treatment cannot be made, since identical therapy 
has not been administered in each country. A reasonable 
proportion of patients in both geographical areas (40-70%) 
appear to be curable by chemotherapy alone (Ziegler et 
al., 1979; Magrath et al., 1984), but there is a marked 
difference with regard to the outcome of the treatment of 
relapse in these countries. Whereas longterm survivors 
in the United States have been, with a few exceptions, 
continuously disease-free after the initial induction of 
remission, in our African series about half of the 72 
long term survivors had had one or more recurrences prior 
to their achievement of sustained remission (of between 
4-10 years) (Ziegler et al., 1979). Thus, although the 
complete response rate and overall survival rate may not 
differ greatly, the proportion of complete responders 
who never relapse is quite different in the two diseases. 
These findings raise questions regarding the meaning 
of the term "chemotherapy resistance", and suggest that 
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host factors may be particularly important in erradicating 
tumor in the African child. 

In both the African and North American diseases, 
tumor burden appears to be the predominant predictive fac
tor with regard to prognosis (Magrath, 1984). The titer 
of antibodies against early antigen seems to correlate 
very well with tumor burden in the African, and is just as 
good a predictor of prognosis as tumor burden. This is 
not the case in American Burkitt's lymphoma in which the 
frequency of positive antibody titers to early antigen is 
lower than in African patients. Presumably this reflects 
the difference in association of the two tumors with EBV, 
but also implies that antibodies against early antigens 
(EA) in the African patient may be elevated because of 
antigen production in tumor cells. Whereas at first this 
seems improbable because such antigens are difficult to 
find in preparations of fresh tumor cells, in Burkitt's 
lymphoma there is a high cell turnover with a spontaneous 
cell loss rate of 70% (Iverson et a1., 1972). Some at 
least of these dying cells may have undergone a lytic 
cycle with production of EA and virus capsid antigen 
(VCA). Rapid removal or death of such cells may prohibit 
their detection in tumor samples. The association of the 
early antigen titer with tumor burden is also reflected 
by the rise in antibodies against early antigens coinci
dent with the initial development of Burkitt's tumor 
(Magrath et a1., 1975). A fall in antibodies to EA fre
quently occurs after successful therapy of Burkitt's 
tumor, while the titer often increases at the time of 
relapse (Henle and Henle, 1979). 

Although a number of clinical differences have been 
discerned between African and American patients, phenotypic 
differences are less obvious. Our work on cell lines of 
both origins has demonstrated a higher level of C3 and EBV 
receptors on African than American cell lines, possibly 
explaining the difference in EBV association (Magrath et 
a1., 1980). Both receptors are now believed to be carried 
on a glycoprotein of molecular weight 140 ki10da1tons 
(Fingeroth, et a1., 1984). In addition, American cell 
lines (and tumors) secrete immunoglobulin (lgM), which is 
uncommonly the case in African cell lines (Benjamin et 
a 1 ., 1982). 
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SIGNIFtCANCE TO THERAPY OF THE EBV ASSOCIATION 

The remarkably high salvage rate of African patients 
with Burkitt's lymphoma who relapse, coupled with the cor
relation between early antigen titer and tumor burden, sug
gests that the presence of EBV in the tumor cells and the 
expression of EBV antigens, including membrane antigens 
and LYDMA, may permit the mounting of a much greater anti
tumor response than would be the case in the absence of 
the viral association. Indeed, it is surprising that EBV
infected cells can escape from the powerful methods of 
immunoregulation of such cells. 

The fact that Burkitt's lymphoma cells appear to be 
latently infected with EBV provides a potential "Achilles 
heel" for this tumor, although one which seems unlikely to 
be exploited. In Lucke's disease, the associated herpes 
virus proliferates best at low temperature. Thus, during 
the winter months there is a lytic cycle in the tumor 
cells with consequent tumor regression. During the summer 
months, when the virus is in a latent phase, tumor prolif
eration occurs with consequent death of many of the ani
mals (Magrath, 1983). This phenomenon is provocative in 
that it implies that stimulation of the EBV replication 
cycle in Burkitt's lymphoma may be a more useful approach 
to treatment than the use of drugs which prevent virus 
replication, such as acyclovir. 

BURKITT'S LYMPHOMA IN AIDS 

Ziegler and others recently described the clinical 
features of 90 cases of non-Hodgkin's lymphomas occurring 
in homosexuals (Ziegler et al., 1984). A high proportion 
of these individuals had early or late stigmata of AIDS. 
About 1/3 of the lymphomas were histologically consistent 
with a diagnosis of Burkitt's lymphoma, or at least undif
ferentiated non-Burkitt's lymphoma. Very few of these 
cases have been karyotyped, but a rapid survey of the 
literature indicates that in all, about ten undifferen
tiated lymphomas occurring in homosexuals have been stud
ied cytogenetically and all of them bear either an 8;14 
or 8;22 translocation (Ziegler et al., 1984; Whang-Peng 
et al., 1984; Chaganti et al., 1984). It should be born 
in mind that not all lymphomas occurring in AIDS are 
necessarily Burkitt's lymphoma. Many of the clinical 



features of lymphomas in this patient group resemble those 
described in individuals undergoing immunosuppression 
for organ transplantation. For example, as in transplant 
recipients, about 40% of the non-Hodgkin's lymphomas in 
AIDS patients occur in the central nervous system (Ziegler, 
et al., 1984). Six of 8 tumors so far examined contain 
EBV DNA, but the clinical difference between Burkitt's 
lymphoma in patients with AIDS and African Burkitt's 
lymphoma appear to be considerable. The absence of jaw 
involvement and the very high frequency of central nervous 
system and marrow involvement, with the occasional pres
ence of rectal tumors, sharply distinguish the syndrome 
from the African disease. It should, of course, be born 
in mind that the mean age of the AIDS patients is much 
above that of African patients. In AIDS patients it is 
very difficult to discern how successful chemotherapy is, 
since a large proportion of these individuals die from 
infectious complications of AIDS rather than from Bur
kitt's lymphoma (Ziegler et al., 1984). 

The presence in 'AIDS ' of Burkitt's lymphoma with 
appropriate cytogenetic abnormalities, raises questions 
concerning pathogenesis. The striking lymphoid hyper
plasia involving both T- and B-cells which occurs prior to 
the onset of flagrant AIDS (see this volume Krueger), 
coupled with, or caused by, impaired T-cell function, is 
almost certain to be important to the pathogenesis of lym
phomas in AIDS. These general features are strikingly 
similar to those in the African child, where B-cell hy
perplasia occurs; possibly because of a combination of 
exposure to EBV at an early age, and malaria. Little is 
known of the possibility that T-cell impairment occurs in 
the African child prior to the onset of disease, but as 
seems to be a feature of many human and animal cancers in
cluding shistosomal bladder cancer, lymphomas in chickens 
and myeloma in mice, Burkitt's tumor is probably preceeded 
by a period of marked hyperplasia of the target cell. 
Neoplasia presumably occurs when a specific genetic abnor
mality resulting from juxaposition of a c-myc gene with 
a constant region of an immunoglobulin gene occurs 
(Magrath, in press). 
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Nasopharyngeal carcinoma is rare in most countries 
(incidence rate of less than 1 per 100,000) but is a major 
health problem in some regions (incidence rate as high as 
5.8 per 100,000 with a mortality rate of 2.6 per 100,000 
reported in 1981 from Taiwan). A search for etiologic fac
tors and development of specific methods of eradication of 
this cancer remain the focus of investigation by many wor
kers in the field and is the subject of this Symposium. 
Equally necessary, however, are continued efforts to ident
ify early cases through serologic and cytologic screening, 
and the development of more effective therapeutic modali
ties for all stages of illness. The current survival rate 
of 30-60% reported from various regions of the world is a 
phase of clinical development which warrants further im
provement. 

GENERAL CONSIDERATIONS 

The clinical management of patients with epithelial 
carcinoma of the nasopharynx has to a large extent been 
the responsibility of the radiation oncologist. As in 
other head and neck sites the successful management of the 
patient with nasopharyngeal carcinoma relies strongly on 
an understanding of 1) normal anatomy, 2) usual routes of 
spread of the primary tumor, 3) primary lymphatic drainage, 
4) normal tissue tolerance, 5) dose-time-vo1ume re1ation-



ships in control of nasopharyngeal carcinoma, and 6) treat
ment of acute and chronic effects of radiation therapy. 

Anatomy and Patterns of Primary Tumor Spread 

The nasopharynx is that structure which lies poster
ior to the nasal cavity joining it to the oropharynx and 
providing access to the middle ear via the Eustachian tube. 
It is approximately cuboidal in shape measuring 4x4x3 cm. 
The roof of the nasopharynx lies chiefly beneath the body 
of the sphenoid and is irregular due to the presence of the 
pharyngeal tonsil. The floor is made up of the superior 
surface of the soft palate. The posterior wall lies anter
ior to the atlas and axis. The anterior wall is formed by 
the choanae leading to the nasal cavity. Of great import
ance are the lateral walls of the nasopharynx. Each are 
largely occupied by the opening of the Eustachian tube. 
The fossa of Rosenmuller, where many tumors originate, lies 
immediately posterior to this. Nasopharyngeal carcinoma 
spreads continuously in a number of typical patterns. The 
tumor may spread anteriorly into the nasal cavity quite 
readily due to the lack of any barrier to its spread in 
this direction. It may also spread from there to involve 
the ethmoids, the maxillary antrum and the orbit. When 
the orbit is involved, paresis of individual muscles of the 
eye may be seen. As with tumor extension anteriorly there 
is no barrier to tumor extension inferiorly into the oro
pharynx. Superior extension into the base of the skull was 
recognized on polytomograms in 25% of a series of 112 pa
tients published by Fletcher and Million (1965) from the 
M.D. Anderson Hospital. The tumor may invade the sphenoid 
sinus directly or enter through the ostium of the naso
sphenoid. The tumor may also extend to involve the foram
ina of the base of the skull leading to a constellation of 
cranial nerve palsies. Extension intracranially to the cav
ernous sinus where the 3rd, 4th, 6th, and the 1st and 2nd 
divisions of the 5th nerves may be involved by the tumor 
probably occurs through the carotid canal. Laterally a de
fect in the muscular wall of the nasopharynx (known as the 
sinus of Morgagni) provides easy access to the parapharyn
geal space. Cranial nerves 9, 10, 11, 12 and the cervical 
sympathetics lie in close proximity and may be involved 
singly or in combination. The spread of the primary tumor 
and the associated clinical syndromes are well described 
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by Lederman (1961) in his classic monograph on the subject. 
In the following table, Fletcher and Million (1965) docu
ment contiguous spread on a series of 112 patients seen be
tween 1948 and 1960 (Table 1). 

Anatomy of the Lymphatics and Nodal Spread 

The nasopharynx is richly supplied with lymphatics 
and clinical lymph node involvement at presentation occurs 
in 70 to 90% of cases. Due to its midline location, nodal 
metastasis is often bilateral. The major lymphatic chan
nels of the nasopharynx pass to the lateral retropharyn
geal nodes and from there to the upper deep jugular nodes. 
There are also direct channels to the upper deep jugular 
nodes, the mid and lower jugular nodes and the spinal ac
cessory nodes. Rarely are the submental, submaxillary or 
suboccipital nodes involved other than in the presence of 

TABLE 1 

THE INCIDENCE OF SPREAD OF NASOPHARYNGEAL CARCINOMA 

Site of Spread 

Oropharyngeal wall 
Base of skull 
Tonsillar Bed 
Cranial nerves 
Pterygoid fossa 
Nasa 1 cavity 
Maxillary antrum 
Orbit 
Soft palate 
Hard palate 
Ethmoids 
Hypopharynx 

# of Pati ents 

29 
25 
15 
12 

9 
5 
4 
3 
3 
3 
2 
1 

(Reprinted with permission from 
Fletcher and Million, 1965) 



altered lymphatic circulation due to a heavily involved 
neck. Interestingly the frequency of lymphatic involve
ment with nasopharyngeal carcinoma does not correlate with 
increasing T stage. Indeed, most authors report a lower 
incidence of lymph node involvement with T4 tumors than 
with Tl, 2 or 3 tumors. 

Clinical Evaluation 

The clinical assessment of the patient with nasophar
yngeal carcinoma is necessarily supplemented by rontgeno
graphic assessment of the nasopharynx, oropharynx, nasal 
cavity, paranasal sinuses and base of the skull. Conven
tional tomography has been supplanted by computerized axi
al tomography. Particularly in patients with advanced 
neck disease, chest x-ray, liver function tests and bone 
scan are utilized in excluding distant metastases. In pa
tients with anterior extension, ophthalmologic assessment 
and follow-up is important. Of greater clinical importance 
is attention to the patient's dentition. Xerostomia is al
most an inevitable consequence of radiation treatment and 
careful attention to dentition should be given at the first 
visit. If the teeth are in good repair and the patient is 
motivated to follow a carefully prescribed program for 
maintaining his dentition, full mouth extraction is not ne
cessary. Any teeth that display severe caries or periodon
tal disease should be extracted and one to two weeks allow
ed for the gums to heal before radiation is begun. 

IRRADIATION TECHNIQUE 

Even early carcinomas of the nasopharynx should have 
generous coverage of the primary tumor volume. This pri
mary tumor volume should include the nasopharynx proper, 
the posterior nasal cavity, the posterior maxillary sinus, 
the posterior orbit, and the base of the skull including 
the entire sphenoid and cavernous sinuses. The importance 
of not simply covering the primary tumor as assessed clini
cally is emphasized by Hoppe et al. (1976) who reported a 
correlation between local failure and decreased field size. 
Marks et al. (1982) in the historical review of their ex
perience in the Mallinckrodt Institute of Radiology corre
lated poor local control with marginal coverage of the na
sopharynx. The lymphatics of the neck are by custom com-
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prehensively irradiated to the level of the clavicles. Ho 
(1978) however performed a randomized trial regarding elec
tive node irradiation in Tl, T2, and T3NO patients and found 
no statistically significant improvement in loco-regional 
control or survival. 

The treatment plan is generally executed with lateral 
opposed fields junctioned with an anterior field blocked 
in the midline. The level of this junction is governed by 
neck node involvement. In the absence of neck node in
volvement this is usually done above the larynx. Beyond 
5000 rad boost doses to the primary should be administered 
with either high energy lateral fields (16 to 25 MeV) or 
rotational fields. This is to spare the temporomandibular 
joints and prevent the development of trismus. In patients 
with significant anterior extension of tumor a heavily 
weighted anterior field with two wedged lateral fields of
ten becomes necessary. Superior extension necessitates 
a more generous superior border. 

As far as dosage guidelines are concerned, Million and 
Cassisi (1984) recommend 6500 rad (at 180 rad per fraction) 
for early T stages and 7000 rad for late T stages. To make 
up for under-dosage related to technical factors (bone ab
sorption, etc.) a boost of 500 rad is added to the base of 
the skull and nasopharynx. The data justifying doses above 
6000 rad for carcinoma of the nasopharynx are scant. 
Moench (1972), Hoppe, Marks and Million himself have not 
shown any significant correlation between local failure and 
increasing doses (above 6000 rad). 

The Radiation Therapy Oncology Group (Marcial et al., 
1980) experimented with split course radiation therapy in 
the management of patients with carcinoma of the nasophar
ynx. Patients were randomized to either two courses of 
3000 rad in 10 fractions separated by a rest period of 
three weeks or 6600 total tumor doses with continuous irrad
iation. No statistically significant differences were ob
served in relation to acute toxicity, late toxicity, local 
regional control or survival. 
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SURVIVAL 

The survival of most modern series of patients with 
squamous cell carcinoma of the nasopharynx ranges between 
30% and 60%. This variation in survival often reflects 
the makeup of the treated patient population. The best 
reported 5 year survival (59%) for a series of patients 
is from the Stanford group (Hoppe et al., 1976) in which 
only 50% of the patients had stage IV disease compared to 
80% in most other series. A larger series of 1605 patients 
from Taipei reported a 5 year survival of 32% (S.C. Huang, 
1980). Although initial studies had reported improved sur
vival for younger patients with carcinoma of the nasophar
ynx, a report from the Children's Cancer Study Group of 
the collective experience of 20 member institutions reveal
ed a five year survival of 51%, well within the range seen 
in adult patients (Jenkins et al, 1981). Representative 
survivals for stage groupings of nasopharyngeal cancer are 
shown in Table 2 (Wang, 1983). 

TABLE 2 

5 YEAR SURVIVAL RATES FOLLOWING RADIATION THERAPY 
(1960-1976) 

NO Nl N2 N3 

Tl 18/23 (78%) 3/5 8/16 (50%) 2/8 

T2 13/18 (72%) 2/4 9/21 (43%) 4/15 

T3 1/8 2/4 4/10 2/12 

T4 8/18 (44%) 1/7 1/5 2/12 

Total 40/67( 60%) 8/19(42%) 22/52(42%) 10/47(21%) 

(Reprinted with permission from 
Wang, 1983) 
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FAILURE ANALYSIS 

Cooper et al. (1983) in their review of stage IV naso
pharyngeal carcinoma combined the data from M.D. Anderson, 
Stanford University, the Mallinckrodt Institute and New 
York University to look at failure rates according to T and 
N stage. These show local failure to occur in approximate
ly 27.5% of patients. This ranges from 11.5% in Tl cases 
to almost 50% in T4 cases. Nodal recurrence is less common 
a problem with only 14% demonstrating recurrent disease in 
nodes. This ranged from 2.8% for the NO neck to 21.7% for 
the N3 neck. Distant failure was found in 21.5% of pa
tients. This seemed to correlate with increasing N stage. 
As opposed to other sites in the head and neck, recurrences 
seemed to be manifested over a more prolonged period of 
time. Below are the tables as compiled by Cooper et al. 
(1983) (Tables 3,4,5). 

TABLE 3 

LOCAL FAILURES BY "T STAGE" 

Tl T2 T3 T4 Tl-T4 

NYU 1/4 3/10 0/3 15/28 

t1RI 4/42 8/21 26/48 

MDAH 0/6 3/31 4/22 7/23 

SUH 5/38 1/16 6/19 5/9 

Total 8/69 9/78 18/65 53/108 88/320 
(11.5%) (11.5%) (27.7%) (49.1%) (27%) 

(Reprinted with permission from 
Cooper et al., 1983) 
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TABLE 4 

NODAL FAILURES BY "N STAGE" 

NO Nl N2 N3 Total 

NYU 1/8 0/1 4/14 4/16 

MIR 1/42 0/12 6/21 13/36 

MDAH 0/35 3/30 7/59 21/114 

SUH 1/24 2/25 2/15 2/18 

Total 3/109 5/68 19/109 40/184 67/470 
(2.8%) (7.4%) (17.4%) (21.7%) ( 14%) 

TABLE 5 

DISTANT METS BY "N STAGE" 

NO Nl N2 N3 Total 

NYU 0/11 0/2 4/14 2/18 

MIR 7/42 3/12 8/21 20/36 

MDAH 2/35 3/30 19/59 46/114 

Total 9/88 6/44 30/94 68/168 113/394 
(13.2%) (13.6%) (31.9%) (40.4%) (28.7%) 

Reprinted with permission from 
Cooper et al., 1983) 
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RETREAmENT 

The general consensus from the literature is that re
treatment with radiation for carcinoma of the nasopharynx 
is appropriate and provides some patients with excellent 
palliation and prolonged survival without undue complica
tion (McNeese and Fletcher, 1981). The best survivals for 
treatment of recurrent disease are reported from the San 
Francisco group (Fu et al., 1975) with 41% of their pa
tients alive at 5 years after first recurrence. The Tai
wan group (Hsu and Tu, 1983) have had a much larger exper
ience in retreatment and report a 5 year survival of only 
5% in the absence of distant metastases. This less opti
mistic figure for disease-free survival after primary site 
recurrence is amplified by a report from the Radiation On
cology Cancer Institute in Peking in which there was only 
14% disease-free survival following retreatment (Yan et 
a 1., 1983). 

COMPLICATIONS 

Common acute complications during radiation treatment 
include xerostomia, dysgeusia and mucositis. Although the 
mucositis and dysgeusia are temporary the xerostomia is 
relatively permanent. Dryness and crusting in the naso
pharynx and external ears are relatively common although 
minor side effects of treatment. Hearing loss due to a 
serous otitis, neck fibrosis and varying degrees of tris
mus are also commonly seen. Endocrine assessment will 
often reveal subtle biochemical disturbances of the hypo
thalmic pituitary axis, but clinical hypopituitarism is 
rarely seen. With the lower neck being irradiated, hypo
thyroidism is occasionally reported. Serious complications 
including osteonecrosis, soft tissue ulceration, and myelo
pathy are usually seen in less than 5% of patients. Al
though cranial nerve palsies are most often related to re
current disease, involvement of the 9th, 10th, 11th and 
12th cranial nerves by radiation-induced fibrosis leading 
to impairment of function is well known. 

SURGICAL MANAGEMENT 

The nasopharynx is a surgically inaccessible area 
which is difficult to examine by the non-experienced phy-
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sician. Coupled with its meager sensory supply, carcino
mas within this area can occur unheralded. This explains 
why one of the most common presenting signs of nasopharyn
geal carcinomas is a painlessly enlarging neck mass in the 
posterior digastric nodes or in the posterior triangle a
long the course of the spinal accessory nerve. Other pre
senting signs and symptoms of nasopharyngeal carcinoma are 
a unilateral serous otitis media. epistaxis, nasal ob
struction, cranial nerve deficit. headaches, and hyposmia. 
Because of the history, location of the node, and other 
physical findings, the surgeon should be alerted to the 
possibility of a lesion occurring within the nasopharynx. 
Prudence should be exercised prior to the biopsy of any 
neck node without an appropriate history and physical ex
amination of the head and neck, since the identification 
of a primary within the nasopharynx would make this surgi
cal procedure unnecessary. 

In diagnosing nasopharyngeal carcinoma, modern fiber
optic nasopharyngoscopes are an excellent means to fully 
assess the superior, lateral and inferior extent of the 
lesion. CT scans and recently NMR's are excellent methods 
to delineate soft tissue extension and/or bone erosion of 
the base of the skull or lateral vertibral bodies, and 
complement endoscopy with controlled biopsies from specific 
sites within the nasopharynx to accurately stage the lesion. 
If a nasopharyngeal lesion is highly suspect and nasophar
yngeal biopsies are negative, needle aspiration of lateral 
neck masses can be helpful in determining if malignant 
cells are present, but delineating the specific type of 
tumor is often quite difficult using this method. Open 
biopsy of a neck mass should be performed only after all 
diagnostic steps have been exhausted and are negative. 
An open biopsy should be performed in appropriate skin 
creases which could be enlarged if necessary to perform a 
radical lymphadenectomy. Damage to the spinal accessory 
nerve should be avoided. 

The mainstay for treatment of nasopharyngeal carcino
ma remains radiation therapy secondary to the relative 
surgical inaccessibility of the nasopharyngeal lesion and 
the primary efferent retropharyngeal lymphatics from the 
nasopharynx. Myringotomy with tympanostomy tube insertion 
should be performed prior to radiation therapy if serous 
otitis media is present or develops during treatment. Sur
gical extirpation of recurrent or persistent disease in the 
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neck with a radical neck dissection remains controversial, 
but generally, it is not felt to be effective in control
ling the disease or prolonging survival. Following radi
ation therapy, isolated disease, which is not fixed to the 
base of the skull or deep neck structures, should be con
sidered for resection. 

As with all carcinomas of the head and neck, appro
priate long term follow-up is necessary to ascertain the 
effectiveness of treatment and the possibility of recur
rence. Fiberoptic nasopharyngoscopy is an extremely im
portant aspect in the follow-up of these patients. The 
occurrence of new neck masses, cranial nerve dysfunction, 
epistaxis, increased headaches, all herald the possibility 
of recurrent disease. The possibility of a secondary pri
mary in the upper aerodigestive tract is possible and 
should always be considered in the follow-up evaluation 
of these patients. 

ADJUVANT TREATMENT 

Many treatment centers have begun to modify their 
treatment modality for patients with advanced loco-region
al nasopharyngeal cancer because of their higher rates of 
local failure and distant dissemination during early phases 
of follow-up after radiotherapy. The currently chosen ad
junctive therapy is generally in two forms: combination 
chemotherapy given before or after radiation, and admini
stration of interferon before and also concurrent with 
radiation. Many of the combination chemotherapy regimens 
are chosen on the basis of their proven effectiveness in 
recurrent nasopharyngeal cancer (A.T. Huang et al., 1983). 
Interferon, because of its antiviral property has also 
been tested in recurrent nasopharyngeal cancer in Germany 
(Treuner et al., 1981) and the United States (Connors et 
a 1., 1982). 

In regions where nasopharyngeal cancer is prevalent, 
adjuvant chemotherapy is applied infrequently. Many phy
sicians in these regions believe that chemotherapy should 
be reserved for recurrent disease when additional radiation 
cannot be tolerated or distant metastasis occurs. Many 
other clinicians have used chemotherapy as an adjunct to 
radiation but no specific data is available. Table 6 sum
marizes 5 different trials of adjuvant therapy in nasophar-
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yngeal carcinoma. The Institute of Radiotherapy in Kuala 
Lumpur is currently treating patients with advanced disease 
with chemotherapy (cyclophosphamide/Oncovin/Methotrexate/ 
Adriamycin) and radiation. Dharmalingam et al., (1983) re
presenting the Institute reported 63% objective tumor re
gressions (19% complete and 44% > 50% partial) in 54 pa
tients after 3 cycles of drugs. Patients were subsequently 
treated with radiation. In Italy, in a similar trial using 
a different regimen of Adriamycin/Bleomycin/Vinblastin/Da
carbazine, 8/11 patients responded favorably before they 
were given definitive radiation (Galligioni et al., 1982). 
The survival rates from these two studies are not yet a
vailable. Goepfert and his associates in M.D. Anderson 
Hospital treated 16 patients with stage III and IV disease 
with chemotherapy (Vincristine/Adriamycin/Cyclophosphamide, 
Bleomycin/Vincristine/Methotrexate and Bleomycin/Cyclophos
phamide/Methotrexate/Fluorouracil) combined with radiation 
and noted only two recurrences in a median follow-up of 36 
months (Goepfert et al., 1981). The M.D. Anderson group ob
served in these and other patients with squamous cell car
cinoma of the head and neck increased fibrotic tissue chan
ges associated with the combined approach. The authors and 
their colleagues at Duke University Medical Center (A.T. 
Huang et al., 1983) have adopted a different approach by 
placing adjuvant chemotherapy after definitive radiation 
to avoid compromises in total radiation dosage and also 
fortuitously to reduce the possibility of drug-radiation 
sensitization and resultant higher incidence of tissue fi
brosis. In their 10 patients with stage III and IV disease, 
6 cycles of chemotherapy (Bleomycin/Methotrexate/Vinblast
ine/Lomustine) were initiated 1 month after completion of 
radiation. In a median follow-up of 28 months, 8/10 were 
free of disease. Increased tissue induration was not ob
served beyond what is expected from the curative doses of 
radiation. These trials indicate that chemotherapy may 
have an important and necessary role for the future design 
of therapy for advanced disease of the nasopharynx. 

A trial of interferon in combination with radiation 
for advanced nasopharyngeal cancer is in progress at the 
Institute of Radiotherapy in Kuala Lumpur in collaboration 
with Burroughs-Wellcome Laboratories (personal communica
tion). The trial was begun in the fall of 1982. A signi
ficantly superior survival is said to have been observed 
in the group of patients randomly allocated to receive ra
diation and interferon over the group receiving radiation 
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alone. The final outcome of this trial will not be known 
for three to five years. This combination, if proven ef
ficacious, may lead to trials using many other antiviral 
drugs which are in the stage of active development at 
present. 
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TREATMENT OF NASOPHARYNGEAL CARCINOMA WITH THE ANTIVIRAL 

DRUG 9-[(2-HYDROXYETHOXYMETHYL)] GUANINE: A CASE REPORT 

SUMMARY 

J.W. Sixbey, E. Thompson and E.C. Douglass 

Division of Infectious Diseases, Department 
of Hematology-Oncology 
St. Jude Children's Research Hospital 
322 N. Lauderdale 
Memphis, TN 38101 USA 

A patient with advanced nasopharyngeal carcinoma was 
treated for 7 weeks with 9-[ (2-hydroxyethoxymethyl)] 
guanine (acyclovir). Although progression of the disease 
was not interrupted in this patient, further trials of 
acyclovir are warranted. 

INTRODUCTION 

The regular association of the Epstein-Barr virus 
with undifferentiated nasopharyngeal carcinoma raises the 
possibility for specific antiviral intervention at some 
stage in the disease. Acyclovir, a synthetic acyclic 
nucleoside, has known activity against the Epstein-Barr 
virus both in vitro (Colby et al., 1980; Datta et al., 
1980; Lin et ale 1984) and in vivo (Sixbey et al., 1983a; 
Pagano et al., 1983). However, therapeutic efficacy of 
the drug in nasopharyngeal carcinoma would seem to require 
an activated viral state. In lymphocytes, acyclovir 
interrupts active viral replication but has no apparent 
effect on latent infection (Colby et al., 1980; Lin et 
al., 1984) or EBV-induced lymphocyte transformation 
(Sixbey and Pagano, 1985). Epithelial elements in naso
pharyngeal carcinoma bear only the marker of viral 
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latency, EBNA (Huang et a1., 1974; Klein et a1., 1974). 
Ongoing viral replication, however, is implied by the dis
tinctive serologic pattern accompanying onset of disease: 
high antibody titers to Epstein-Barr early antigen and 
viral capsid antigen (Ringborg et a1., 1983). Moreover, 
recent evidence from our laboratory (Sixbey et al., 
1983b;1984) and previous studies by Trumper and associates 
(1977) demonstrate that both normal and malignant epithe
lia are capable of supporting active EBV replication. 

To evaluate the safety and potential efficacy of this 
DNA polymerase inhibitor in patients with nasopharyngeal 
carcinoma, we treated a 20-year-old woman with metastatic 
NPC in second relapse and high antibody titers to antigens 
of the viral replicative cycle for 7 weeks with acyclovir. 

CASE REPORT 

T. T. was diagnosed to have nasopharyngeal carcinoma 
in June 1981 after a 2 ... year history of right jaw pain, 
headache, and decreased hearing. She presented with right 
ocular proptosis, a large nasopharyngeal mass which limit
ed jaw motion, and bilateral cervical adenopathy. Compu
terized tomography of her head showed a large nasopharyn
geal mass extending through the greater wing of the 
sphenoid, into the brain 2-3 em and forward into the right 
orbit. Biopsy revealed nasopharyngeal carcinoma of the 
poorly differentiated type. She was classified an IARC 
Stage C. She received 2 courses of vinblastine (6 mg/M2), 
bleomycin (15 mg/M2), and cis-platinum (90 mg/M2) with 
good response and 5 additional courses following radiation 
therapy. From August to October 1981, she received elec
tron beam and cobalt irradiation, 5200 rads to a right 
temporal port, 5000 rads to the nasal cavity and 3500 rads 
to the lower neck and supraclavicular area. Therapy was 
associated with approximately a 50% reduction in tumor 
mass, and repeat biopsy showed only residual fibrosis. 
EBV-specific antibody titers, elevated on admission, 
declined immediately post-therapy (Figure 1). 

In March 1982, the patient experienced epigastric 
pain. In August 1982, a single nodule in the left lobe of 
the liver and left upper lobe of the lung appeared on 
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radiographic studies. She received methotrexate (250 
mg/H2 ) and 5-fluorouracil (600 mg/M2 ) to which she par
tially responded. In December 1982, the nodules in both 
lung and liver were surgically resected. 

Except for rising antibody titers to EBV (Figure 1), 
T.T. remained well until November 1983, when a left hilar 
mass was appreciated on chest radiograph. ~Hth this 
second relapse, the patient received methotrexate and 5-
fluorouracil with no response. At this time, acyclovir 
was administered, 500 mg/M2 intravenously every eight 
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hours for 3 weeks followed by oral acyclovir 400 mg every 
4 hours. 

Acyclovir therapy was to be continued as long as 
there was no evidence of disease progression or 
unacceptable toxicity. Acyclovir was well tolerated with 
no adverse effects despite T. T. 's previous history of mild 
renal impairment secondary to nephrotoxic chemotherapy. 
Salivary IgA to early antigen and viral capsid antigen, 
present before therapy, persisted throughout treatment. 
Serum antibody titers to EBV did not change significantly 
throughout therapy or for the subsequent 5 months of 
follow up (Figure 1). Oropharyngeal viral shedding did 
not occur at any time during study. Seven weeks after 
institution of drug, tumor progression was evident on 
chest radiograph. Tumor tissue obtained at autopsy 5 
months post-therapy was EBNA positive by the 
anticomplement immunofluorescence technique (Reedman and 
Klein 1973). Early antigen and viral capsid antigen could 
not be demonstrated by indirect immunofluorescence. EBV 
DNA was detected in approximately 50 percent of cells on a 
touch preparation of tumor by in situ cytohybridization 
using a cloned, biotin-labeled EBV DNA probe (Brigati et 
ale, 1983). 

DISCUSSION 

Prolonged anti viral therapy with acyclovir was well 
tolerated in this patient with advanced nasopharyngeal 
carcinoma but failed to produce a discernable clinical 
response. Factors to be considered with regard to treat
ment failure include first, the advanced stage of this 
multi-drug resistant tumor; second, inadequate phosphory
lation of acyclovir in malignant tissue to its active 
triphosphorylated derivative; and third, possible irrele
vance of viral rep lication to the progression of naso
pharyngeal carcinoma. In view of the drug's relative 
safety, further studies promoting intervention wi th 
acyclovir at earlier stages of the disease are warranted, 
particularly in patients where r1s1ng antibody titers 
signal relapse but in whom negative diagnostic workups do 
not support further cytotoxic chemotherapy. 



664 

REFERENCES 

Brigati, D.J., Myerson, D., Leary, J.J., Spalholz, B., 
Travis, S.Z., Fong, C.K.Y., Hsiung, G.D., and Ward, D.C., 
Detection of viral genomes in cultured cells and 
paraffin-embedded tissue sections using biotin-labeled 
hybridization probes. Virology, 126,32-50 (1983). 

Colby, B.M., Shaw, J.E., Elion, G.B., and Pagano, J.S., 
Effect of acyclovir [9-(2-hydroxyethoxymethyl)guanine] on 
Epstein-Barr virus DNA replication. J. Virol., 34,560-568 
(1980) • 

Datta, A.K., Colby, B.M., Shaw, J.E., and Pagano, J.S., 
Acyclovir inhibition of Epstein-Barr virus replication. 
Proc. Natl. Acad. Sci. USA, 77,5163-5166 (1980). 

Huang, D., Ho, J.ll.C., Henle, W., and Henle, G., Demon
stration of Epstein-Barr virus-associated nuclear antigen 
in nasopharyngeal carcinoma cells from fresh biopsies. 
Int. J. Cancer, 14,580-588 (1974). 

Klein, G., Giovanella, B.C., Lindahl, T., Fialkow, P.J., 
Singh, S., and Stehlin, J .S., Direct evidence for the 
presence of Epstein-Barr virus DNA and nuclear antigen in 
malignant epithelial cells from patients with poorly dif
ferentiated carcinoma of the nasopharynx. Proc. Natl. 
Acad. Sci. USA, 71, 4737-4741 (1974). 

Lin, J .-C., Smith, M.C., and Pagano, J.S., Prolonged 
inhibitory effect of 9-(1,3-dihydroxy-2-propoxymethyl)
guanine against rep lication of Epstein-Barr virus. J. 
Virol., 50,50-55 (1984). 

Pagano, J.S., Sixbey, J.W., and Lin, J.-C., Acyclovir and 
Epstein-Barr virus infection. J. Antimicrob. Agents 
Chemother., 12:Suppl. B, 113-121 (1983). 

Reedman, B.M., and Klein, G., Cellular localization of an 
Epstein-Barr virus (EBV)-associated complement-fixing 
antigen in producer and non-producer lymphoblastoid cell 
lines. Int. J. Cancer, 11,499-520 (1973). 



Ringborg, U. , 
Klein, G., 
Epstein-Barr 
carcinomas of 
(1983) • 

665 

Henle, W., Henle, G., Ingimarsson, S., 
Silfversward, C., and Strander, H., 
virus-specific serodiagnostic tests in 
the head and neck. Cancer, 52,1237-1243 

Sixbey, J.W., and Pagano, J.S., Epstein-Barr virus 
transformation of human B-Iymphocytes despite inhibition 
of viral polymerase. J. Virol., 53,299-301 (1985). 

Sixbey, J.W., Nedrud, J.G., Raab-Traub, N., Hanes, R.A., 
and Pagano, J.S.: Epstein-Barr virus replication in 
oropharyngeal epithelial cells. N. Eng!. J. Med., 
310,1225-1230 (1984). 

Sixbey, J.W., Pagano, J.S., Sullivan, J.L., Gurwith, M., 
Fleisher, G., and Clemons, R.H., Treatment of infect ious 
mononucleosis with intravenous acyclovir. Clin. Res., 
31,542A, (1983a) (Abstract). 

Sixbey, J.W., Vesterinen, E.H., Nedrud, J.G., Raab-Traub, 
N., Walton, L.A., and Pagano, J.S., Replication of 
Epstein-Barr virus in human epithelial cells infected in 
vitro. Nature, 306,480-483 (1983b). 

Trumper, P.A., Epstein, M.A., Giovanella, B.C., and 
Finerty, S.: Isolation of infectious EB virus from the 
epithelial tumor cells of nasopharyngeal carcinoma. Int. 
J. Cancer, 20,655-662 (1977). 



61 

EBV-SPECIFIC TRANSFER FACTOR IN THE TREATMENT OF 

AFRICAN BURKITT'S LYMPHOMA: A PILOT STUDY 

F.K. NKRUMAH1, G. PIZZA2, D. VIZA3, 
~. NEEQUAYE1, C. DE VINCI2, P.H. LEVINE4 
Burkitt Tumor Project, Univ. of Ghana 

Medical School, Accra, Ghana; 20spedale 
Marcello Malpighi, Bologna, Italy; 3Faculte 
de Medecine Broussais, Hotel Dieu, Paris, 
France; 4National Cancer Institute, 
Bethesda, Maryland, U.S.A 

SUMMARY 

Eleven African patients with BUrkitt's lymphOMa 
entered a stu~ to evaluate the effica~ of a transfer 
factor with specific activity against Epstein-Barr virus. 
The disease-free interval in the group of treated patients 
was significantly longer than in the control group. The 
absence of toxicity and the potential efficacy of the 
transfer factor indicates the need for .are extensive 
clinical trials in African BUrkitt's lymphOMa. 

INTRODUCTION 

In previous reports (Pizza et al, 1981; Levine et al, 
1983), we described the rationale for using a transfer 
factor with specific activity against the Epstein-Barr 
virus (EBV) in a combined therapeutic approach to the 
control of African Burkitt's lymphoma (BL). Based 
primarily on the evidence that late relapse (greater than 
one year after completion of chemotherapy) is actually the 
result of disease re-induction, possibly mediated through 
persistent EBV activity, we proposed that EBV-specific 
transfer factor be administered to patients who had 
achieved remission following conventional chemotherapy 
with the intention of preventing these late relapses. 

Supported in part by the Regione Emilia Romagna 
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This report describes the initial results obtained in this 
cl i nical tri ale 

MATERIALS AND METHODS 

Patients with Stage III BL newly diagnosed by the 
University of Ghana's Burkitt Tumor Project were 
alternately assigned to receive either transfer factor or 
no additional treatment after completing a course of 
conventional chemotherapy (oral cyclophosphamide 40 mg/kg 
x 3 and intrathecal methotrexate 15 mg x 3). For those 
receiving transfer f§ctor, one dose of five units 
(extracted from 5x10 lymphoid cells) was given 
monthly. 

The transfer factor had initially been obtained from 
the lymphocytes of a patient with nasopharyngeal carcinoma 
who had been shown to have strong cell-mediated immunity 
against EBV membrane antigens as measured by the leukocyte 
migration test (for details, see Pizza et al, 1981). This 
transfer factor was shown by in vivo and in vitro methods 
to be able to transfer immunity to Raji cells super
infected with EBV (R-EBV). After replication in the LDV-7 
cell line (Viza et al, 1982)., this transfer factor was 
aliquoted and stored at -70°C in Ghana until used in the 
trial. 

In vitro assays monitoring the cell-mediated immunity 
of patients and controls included the direct leukocyte 
migration inhibition (LMI) test, which was performed in 
Ghana as previously described (Levine et al, 1981), and 
the indirect LMI test.,. which was performed on coded 
supernatants in Bologna. 

RESULTS 

As shown in Table I, the transfer factor used in this 
study had activity against the B95-8 strain of EBV, cyto
megalovirus (CMV), herpes simplex Type II (HVS-2) and 
R-EBV. 

Between May 1981 and August 1984, eleven patients 
entered the study. As shown in Table II, one of five 
treated patients had a relapse whereas three relapses 
occurred in the six non-transfer factor controls. The 
disease-free interval in the group of treated patients 
(57.8 + 30.2) was significantly longer than in the 
untreated controls (24.0 + 15.7 J p < 0.05). The one 
patient in the transfer factor group who relapsed had a 
clinical remission of only 7 weeks. 
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TABLE I 
IN VITRO ASSAYS FOR T~~RSrER FACTOR ACTIVITY 

Supernatant Dl1utl0ns 

Donor Antigen 10-4 10-3 10-2 10-1 

#1 B95-8 1.00 0.98 0.93 0.80* 
CMV 1.19 0.93 0.88 U'3O 
HVS-2 1.17 1.04 0.91 1.03 
R-EBV NT 0.90 1.03 0.92 

#2 B95-8 NT 0.89 0.83* 1.03 
CMV 0.98 0.80* NT 0.84* 
HVS-2 1.03 r.rrr 1.28 r.rr 
R-EBV 0.93 1.46 1.01 0.80* --

#3 B95-8 0.67* 0.61* NT 0.57* 
CMV tr.72* If.'7U"* 0.61* Q."5O* 
HVS-2 o.mf* o.7T* Q.S'lf* ~ 
R-EBV r.rr ~ r.rrr 1.62 

NT = Not Tested 

* = Significant Migration Inhibition (M.I.<0.85) 
M I =Leukocyte Migration with Antigen + Transfer Factor 
•• Leukocyte Migration with Antigen Alone 

106 lymphocytes from each normal donor were incubated 
overnight with transfer factor (TF) at a ratio L:TF=5:1 in 
1 ml of RPMI 1640 and 10% fetal calf serum (FCS). The 
cells were washed twice and exposed 3 hours to the antigens 
at optimal dosage [viruses 100 transforming units/ml and 
5:1 for Raji cells superinfected with EBV (R-EBV)]. 
Afterwards the cells were washed again twice; 2X105 in 
0.2 ml of RPMI 1640 + 5% FCS were resuspended and incubated 
overnight in a C02 incubator to produce LIF in the 
supernatant. The presence of LIF activity was then 
evaluated on normal human neutrophil cells at various 
dilutions of the supernatant with the agarose microdroplet 
leucokyte migration inhibition technique (see Levine et al., 
1981). 
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The LMI tests" which could only be performed on the 
transfer factor group because of transportation problems 
preventing frequent laboratory evaluation of the untreated 
controls, showed an improvement of in vitro cellular 
immunity in the patients treated with transfer factor. 

DISCUSSION 

A number of reports (Viza et al, 19837 1984; 
Rosenfeld et al, 1984; Pizza et al, 1979) have documented 
the effectiveness of specific TF in the control of 
diseases associated with potentially oncogenic viruses. 
In addition., recent reports indicate that TF may increase 
the length of remission in certain tumors (Kirsh et al., 
1984). This pilot study investigating the potential value 
of EBV-specific transfer factor in the treatment of 
Burkitt1s lymphoma indicates that additional patient 
evaluation is warranted. While the difference in disease
free interval being statistically significant, the trend 
is promising and the absence of toxicity clearly improves 
the benefit:risk proportion. It is of interest that the 
only patient to relapse in the transfer factor group had a 
brief remission of only 7 weeks., thus suggesting that the 
tumor was not completely controlled by the initial 
chemotherapy. 

With regard to the in vitro assaysT the results at 
present can only be used to support the feasibility of our 
current approach. Because of the absence of data from the 
control group, it is not possible to state whether the 
improved CMI is due to the TF or is solely the recovery of 
normal immunity following chemotherapy-induced remission. 

Although patients with Stage III disease provide the 
best study group for such trials because of the eventual 
treatment failure of approximately 50% using the current 
conventional chemotherapy regimen, these results suggest 
that the study should perhaps also be extended to Stage IV 
patients (virtually all stage I and II patients do not 
relapse., thus making a clinical trial in these groups of 
patients impractical). 
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BRIEF COMMUNICATION 

THE TREATMENT OF NASOPHARYNGEAL CARCINOMA (NPC) 

J.H.C. Ho 

Medical and Health Department 

Institute of Radiology and Oncology 

Queen Elizabeth Hospital 

Kowloon, Hong Kong 

There is an urgent need for a general agreement on a 
system for the stage classification of NPC, without which 
the evaluation of the effectiveness of different techniques 
employed in the treatment and the comparison of treatment 
results between centres will not be meaningful. If a com
parison is to be made between different systems, it has to 
be a prospective one. A good system should have clearcut 
definitions of the criteria used in classifying the stages 
and allowing them to be identified without ambiguity. In 
this respect Tl (tumour confined to one wall of the naso
pharynx) and T2 (confined to two walls) in the urce and the 
AJC systems could well be combined under Tl, because one 
cannot be certain from clinico-radiological examination 
that the tumour is confined to just one wall of the naso
pharynx, and it has yet to be shown that the subclassifi
cation has anything to offer in guiding treatment or progno
sis. Most NPC are eccentric in origin and a small tumour in 
the fossa of Rosenmuller (lateral pharyngeal recess) is in 
fact astride two walls. Classification of cervical nodal 
metastases by size is an arbitrary decision. There will 
always be some variation in personal judgement when the 
measurement is done by palpation, and yet a difference of 
1 mm in the measured diameter of the node separates Nl from 
N2, and N2 and N3. Furthermore, Ho (1978) has shown that 
the laterality or mobility of the cervical nodal metastases 
are far less important prognostic factors compared with the 
level of the nodal involvement, and yet this factor was 
ignored in either the UICC or AJC classification. 
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The two main causes of treatment failure are an un
controlled primary tumour and distant metastases. Analy
sis of 1139 NPC patients with stages I-IV disease treated 
in 1976-78 at Queen Elizabeth Hospital, Hong Kong (Ho, 
1978) showed that approximately one-quarter of the patients 
had primary tumour recurrence by the end of the fifth year 
after the commencement of treatment. Probably the failure 
in some of them was due to a geographic miss in the treat
ment. This could be reduced or avoided when computerized 
tomography (CT) was used in the demonstration of the extent 
of the primary tumour and a CT radiotherapy planner in the 
treatment planning. In the same analysis it was found 
that the most common sites of clinically detected distant 
metastases were bone, lung and liver in the following 
incidence ratio: 1.93: 1.08: 1.00. This is unfortunate 
because in our experience bone metastases respond very 
poorly to chemotherapy. They often continue to grow or 
appear during a course of chemotherapy which may cause 
regression in some visceral metastases. Most primary 
tumours also failed to respond even if they had no pre
vious radiation therapy. This means that adjuvant chemo
therapy has little to offer in the treatment of NPC until 
more effective chemotherapeutic agents are found. 
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EPSTEIN-BARR VIRUS: PAST, PRESENT AND FUTURE 

Gertrude and Werner Henle 

Children's Hospital of Philadelphia 

Philadelphia, PA 

At an occasion like this, it may be permissible to 
discuss the past, the history of the Epstein-Barr virus, 
from a rather personal and perhaps slightly biased perspec
tive. This may be less than exciting for those who were 
among the pioneers in this field and present at the crea
tion, but those of you who joined the steadily growing 
crowd at later stages might not be aware of how much of 
the inital research depended on being at the right place 
at the right moment, on recognizing and grasping an 
opportunity as it arose, or on just good old plain luck. 

Our interest in human cancer viruses preceded the dis
covery of the Epstein-Barr virus by several years. We 
had started to work with polyoma virus, a newly discovered 
mouse tumor virus, to become familiar with essential tech
niques, among them assessment of the role of interference 
and interferon in the establishment and maintenance of 
persistent viral carrier cultures and the use of immuno
fluorescence for monitoring primary and persistent 
infections. 

We thus were not unprepared for the telephone call we 
and many other virologists received in the late 1950s from 
Carl Baker, then Assistant Director of the National Cancer 
Institute, to invite grant applications for support of a 
search for human cancer viruses. They were thought to 
exist in analogy to the animal tumor viruses which were 
extensively studied as potential models for their as yet 
unknown human counterparts. However, the experiences 
gained were rarely if ever, applied to human cancers. 



678 

No detailed research proposals were required because 
there were no leads, after all, on which to base them; 
merely a brief outline of the proposed general approach 
was requested and, of course, a not too heavily padded 
budget. As an additional inducement, 10 years of 
committed support were promised. Can you imagine 10 
years without writing a competing grant application? 

Carl Baker's telephone call translated our vague 
plans into action, and we received a 10 year grant entitled 
"Interference phenomena in the detection of human cancer 
vi ruses". Accordi ngly, we cu1 tured numerous specimens from 
childhood cancers, supplied by the surgeon-in-chief of the 
Children's Hospital of Philadelphia, C. Everett Koop, who 
is now the U.S. Surgeon-General, and we tested the out
growing cells for resistance to vesicular stomatitis virus 
as an indication of interference or interferon production, 
induced by an i ndi genous cancer vi rus that mi ght be present. 
We have still to find a single cell culture of man or beast, 
fish or fowl, reptile or insect that was normally resistant 
to this omnipotent virus. The cultured childhood tumor 
cells, unfortunately, proved no exception; they failed to 
resist infection by vesicular stomatitis virus. 

When Chick Koop returned in 1963 from a conference in 
Africa, he told us about Burkitt's lymphoma and urged us to 
work on it because the epidemiology of this most frequent 
tumor of African children strongly suggested that it was 
caused by a virus. We immediately wrote to Denis Burkitt 
and other physicians on the African scene only to learn 
that everyone was already committed to other investigators. 
We apparently had missed the boat. 

A year later, Tony Epstein and his colleagues at the 
Middlesex Hospital in London had established continuous 
cultures of Burkitt's lymphoma cells and found, on electron 
microscopic examination, herpes-like virus particles in a 
small proportion of the cultured cells. This discovery 
aroused few ripples of excitement because most virologists 
assumed that the virus could only be herpes simplex, cyto
mega10 or chicken pox virus; none of these, nor any animal 
herpes virus was as yet suspected of causing cancers. The 
virus indigenous to the Burkitt cells was therefore thought 
to be a harmless passenger of no particular interest. 
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As a last resort, Tony Epstein sent the Burkitt cell 
cultures for identification of the virus to Klaus Humme1er 
who recently had spent a sabbatical in his laboratory and 
had been in charge of our virus-diagnostic service at the 
Children's Hospital of Philadelphia which had just been 
dismantled, because the Pennsylvania Health Department 
withdrew its support for financial reasons. Klaus Humme1er 
came to our office, waving the bottles, to ask what should 
be done with them. Whereupon my wife promptly responded, 
"give them to me", and thereby came our chance to work on 
Burkitt's lymphoma. 

The title of our grant was not a mere figment of our 
imagination. My spouse showed that the EB-1 and EB-2 
Burkitt cutures were highly resistant to VSV, that the 
cells, following implantation, conferred resistance to 
monolayer cultures of human, but not rabbit or mouse cells, 
suggesting production of an interferon which indeed was 
found in the culture media. Another Burkitt cell line 
serves now as a potent source of one type of human 
interferon. 

My spouse was unable, however, to transmit the indigenous 
herpes virus to routine cell cultures or to chick embryos, 
hamsters or mice of all seasons, using all possible routes 
of inoculation. This failure provided the first clue that 
the virus in the Burkitt tumor cultures was previously 
unknown but for proof, immunologic procedures were required. 
Only immunofluorescence appeared to fit the situation at 
hand but where to get sera from Burkitt patients which we 
believed, alas mistakenly, were needed. 

Our chance came when we learned that a Nigerian Burkitt 
patient had been flown to the Clinical Center at the National 
Institutes of Health in Bethesda for plasmapheresis and 
attempts to sediment the expected C-type Burkitt's lymphoma 
virus from the plasma by highspeed centrifugation. It is 
truly amazing how much debris, how many "virus-like 
particles", can be sedimented from anybody's plasma, but C
type vi rus particles have not been among them. When we 
called Ray Bryan, then the Director of the National Cancer 
Institute, to request the supernates from the centrifuge 
runs, I distinctly heard "My God, they pour them down the 
drain" - together with all the antibodies we needed. 
Luckily, one more run was planned and its supernate, labeled 
P-91 , yielded brilliant immunofluorescence in about 10% of 
the EB-1 and EB-2 cells. A serum from an American child 



with leukemia, chosen as control, failed to react. The 
resulting euphoria was of only short duration, however, 
because it was soon found that many American sera as well 
as commercial human gamma globulin, also gave positive 
reactions. 

We had to prove that the immunofluorescence was refer
able to the indigenous herpes virus. For one thing, the 
percentage of immunofluorescent cells and the percentages 
of virus-producing cells in given Burkitt cell lines, and 
soon other lymphoblast cultures, were closely similar. 
When we presented a lantern slide which listed a dozen 
cell lines in descending order of the percentage of immuno
fluorescent cells at a conference of the American Cancer 
Society at Rye, N.Y., in 1967, George Klein was the first 
to rise to the discussion to exclaim that the same order 
applied to the cell membrane immunofluorescence which he 
had been studying, indicating that the cell membrane 
antigen was virus-induced. This conference was the most 
fruitful in our career because it led to a collaboration 
with George Klein and his associates which has continued 
to the present day and resulted by now in over 75 joint 
publications, with more to come we hope. 

Soon thereafter, it was shown by Gary Pearson, while 
a postdoctorate fellow, first in George Klein's and sub
sequently our laboratory, that the membrane-reactive 
antibodies were, in part, identical with EBV neutrali
zing antibodies. 

With Klaus Hummeler we showed by negative contrast 
electron microscopy that viral nucleocapsids, extracted 
from Burkitt cells, acquired a fringe of antibodies, 
resembling the head of Medusa, after exposure to immuno
fluorescence-positive, but not negative sera. The antigen 
so detected was therefore named later viral capsid antigen 
to differentiate it from the diffuse and restricted early 
antigens discovered by us, and the EBV-associated nuclear 
antigen (EBNA) discovered by Beverly Reedman and 
George Klein. 

Irrefutable proof of the identity of the immunofluores
cent and virus-producing cells was obtained when Harald zur 
Hausen, as a postdoctoral fellow in our laboratory, picked 
individual fluorescent cells for embedding, thin sectioning, 
and electron microscopic examination. All were loaded with 
virus particles, whereas non-fluorescent cells, similarly 
prepared, showed none. 
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Soon after his return to Germany, Harald zur Hausen 
showed that Burkitt cells which did not produce virus, 
nevertheless contained EBV DNA and that Burkitt's lymphomas 
and nasopharyngeal carcinomas, harbored EBV DNA in amounts 
equivalent to multiple viral genomes per cell. These 
observations have been amply confirmed by others, with ever 
more refined techniques. Furthermore, any cell harboring 
EBV DNA was shown by the Stockholm group to express the 
nuclear antigen EBNA. 

To return to immunofluorescence, we made, of course, 
all along efforts to properly identify the virus with the 
aid of acute and convalescent sera from patients with 
primary herpes simplex, cytomegalo or varicella virus 
infections, as well as with hyperimmune sera to various 
animal herpes viruses. To compress several months of work 
into one sentence, the virus indigenous to the Burkitt and 
other lymphomablastoid cell lines was antigenically un
related to any known herpes virus. It was, indeed, new and 
we named it-provisionally we thought-EB virus after the EB-
1 culture in which it was first observed in order to retire 
the awkward designations "herpes-like", "herpes-type" or 
even "1 euco" vi rus. A year or two later, we woul d have 
baptized it infectious mononucleosis virus, since all herpes 
viruses are named after the principal disease they cause, 
but EBV was already too well entrenched to make a change. 

Why was EBV production limited to only a small fraction 
of the cultured cells? Was the autogenous interferon 
production the limiting factor or was an enzyme in short 
supply that another herpes virus could contribute? Helper 
viruses had just become fashionable, but those we tested, 
that is herpes simplex, mumps and reo-3 viruses, provided 
no !tel p. However, hel p came unexpectedly when a batch of 
completed culture medium was kept inadvertantly in the warm 
room for more than a week instead of the 48 hours we used 
in the prelaminar flow hood days to eliminate bacterially 
contaminated batches. 

Frugal as we were, we used this batch of medium and 
were surprised by 5- to lO-fold increases in virus-producing 
cells. We traced this enhancement back to a loss of arginine 
by action of a fetal calf serum component. We still use 
arginine-free medium today to raise the number of virus
producing EB-3 cells. Subsequently, various anti-metabolites 
were shown by others to induce cycles of viral replication 
in latently infected cells by as yet obscure mechanisms. 
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The immunofluorescence test was soon applied to sero
epidemiologic surveys which showed that antibodies to EBV 
were detectable anywhere in the world, even in such remote 
regions as the Amazon jungle, South Pacific atolls, Aleutian 
islands and, I am sure, Siberia if anyone should care to go 
there to collect sera. Depending on the state of hygiene, 
the degree of crowding, and other socioeconomic conditions, 
nearly everybody was found sooner or later to acquire 
antibodies to the virus. However, all sera from African 
Burkitt patients, kindly supplied now by Eva Klein and 
others, had substantially greater concentrations of anti
bodies than sera from African control children so that EBV 
remained a candidate for the etiology of Burkitt's lymphoma. 

The association of EBV with nasopharyngeal carcinoma 
and with infectious mononucleosis were both discovered by 
chance. When Lloyd Old and his associates needed, and 
received sera from African patients with tumors other than 
Burkitt's lymphoma as controls for double diffusion preci
pitation tests with extracts of virus-producing Burkitt 
cells, they included sera from several patients with naso
pharyngeal carcinomas. To everyone's surprise, these sera 
reacted like Burkitt sera, producing up to 5 lines of 
precipitation. When we tested the same and additional sera 
from nasopharyngeal carcinoma patients we found that they 
reacted like Burkitt sera also in the immunofluorescence 
test, yielding much higher antibody levels than sera from 
patients with other head or neck tumors. 

Because EBV had turned out to be one of the most wide
spread human viruses, we suspected that it might induce a 
common illness as its primary clinical activity. In our 
search for this disease we were assisted beyond the call of 
duty by one of our young female technicians who was sero
negative, developed infectious mononucleosis and serocon 
verted in its course. This was not a laboratory infection 
as proclaimed by the Division of Biological Hazards of 
NIH. Our technician was a very pretty girl and thus was 
exposed to the kissing disease virus by the natural route. 

Before her illness, our technician had often donated 
leukocytes for experiments carried out by Volker Diehl, 
then a postdoctoral fellow in our laboratory. Her cells 
had never grown by themselves in culture; they grew only 
when co-cultivated with lethally x-irradiated Burkitt cells 
from producer cultures. Leukocytes donated by her during 



her illness, however, now grew readily by themselves, 
yielding permanent EBV-positive cultures. These were the 
initial clues for the causal relationship of EBV to infec
tious mononucleosis and for the lymphoproliferative effects 
of the virus. 

We then remembered that our friends at Yale, James 
Niederman and Robert McCollum, had collected sera from 
freshman at entry into college and again from those who 
developed infectious mononucleosis during the ensuing 
four years in anticipation of future candidate viruses for 
the etiology of the disease. They sent us coded sera and 
all pre-illness samples were readily identified by us; they 
were negative in the immunofluorescence test, whereas all 
acute convalescent phase sera were strongly positive. 

As mentioned, four distinct groups of EBV-associated 
antigens had been identified in time, and differentiation 
of the immunoglobulin class of the corresponding antibodies 
added another dimension to the EBV-specific serology. It 
was found that each of the three EBV-associated diseases 
(1M, BL, NPC) evokes at its height a characteristic spectrum 
of antibodies which differs from the other two and the 
pattern seen in healthly persons after long-past primary 
infections. IgM antibodies to the viral capsid antigens 
are limited to infectious mononucleosis; high IgG antibody 
titers to the viral capsid and restricted early antigen are 
characteristic of Burkitt's lymphoma; high titers of IgA 
and IgG antibodies to the viral capsid and the diffuse 
early antigen are an outstanding feature of nasopharyngeal 
carcinoma. 

The EBV-specific serology thus became an important 
diagnostic tool. In the tumor patients, it provides, 
furthennore, information on their prognosis and serves to 
monitor them during remissions for evidence of imminent 
tumor relapses. Most recently surveys for IgA antibodies 
to viral capsid antigen and IgG antibodies to the diffuse 
early antigen have been used successfully in China and 
recently also Alaska for early detection of nasopharyngeal 
carcinoma patients. 

All these studies depended upon efficient, unstinting, 
harmonious collaborations on a world-wide basis with 
clinicians, epidemiologists and scientists covering many 
disciplines. It has been our pleasure and a rewarding 
experience to work closely with numerous individuals on all 
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continents, some of whom we have yet to meet in person. 
Through the combined efforts, EBV has become a highly 
respected and fascinating virus which has attracted the 
attention of literally hundreds of molecular virologists, 
immunologists, biochemists, cytogeneticists and others. 

The present, therefore, is as exciting as was the past. 
The current symposium bears witness to that and has left 
little for us to add except to ask, perhaps, a few questions. 

We still need to know more about events during the 
incubation period of infectious mononucleosis. If the 
primary targets of EBV are pharyngeal epithel i al cell s, as 
seems likely now, why is the incubation period of infectious 
mononucleosis 4 to 7 weeks instead of the few days observed 
with the usual respiratory viruses? 

We have learned that 13 days after exposure, or 25 days 
before onset of illness, EBV-carrying lymphocytes were 
already circulating in the blood of a most cooperative, 
susceptible Swedish boy, who in the course of a party had 
kissed a girl who two days later developed signs of infec
tious mononucleosis. We need to enlist other susceptible 
and cooperative contacts of cases, as hard as they are to 
find, and study them within the first few days after 
exposure, including a search for virus in the oropharyngeal 
secretions. 

What is the actual incidence of chronic active infec
tious mononucleosis? Are all cases due to EBV or are some 
due to other viruses that have been aided by the immuno
suppressive effect of a primary EBV infection? 

How many of the polyclonal lymphoproliferations observed 
in immunologically compromised patients are EBV-induced? 
If observed in organ transplant patients, how often do the 
lymphomas arise from the recipient's cells and how often 
from the cells of the organ or blood donors? 

Regarding Burkitt's lymphoma, we still do not know many 
details of its genesis. Is EBV one of several initiators 
of this malignancy or, in other words, are EBV-associated 
and non-associated tumors the same disease or two distinct 
entities? 

Are the characteristic chromosomal translocations in 
Burkitt cells truly mere chance events due to enhanced 
lymphoproliferation induced by malaria, or the acquired 
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immunodeficiency syndrome, or any other excessive antigenic 
stimulation? Is the translocation of the c-myc oncogene 
from chromosome 8 to the immunogl obul i n gene regi ons of 
chromosome 2, 14 or 22 the final step or does the oncogene 
product set off yet another step in the chain of events 
leading to the development of the tumor? 

The course of events 1 eadi ng to nasopharyngeal carci noma 
is even less clear. What is the cell or origin? Does the 
carcinoma arise from fetal thymic remnants in Waldeyer's 
ring, as has been suggested many years ago, and supported 

now by reports of an association of EBV with some thymic, 
salivary glands and possibly also some tonsil and larynx 
carcinomas? All the anatomical sites involved are derived 
embryologically from the same region, the third and fourth 
primitive pharyngeal pouches. 

While certain epithelial cells have been productively 
infected with EBV in vitro, there is as yet no evidence of 
immortal i zati on of epithel i al cell s by EBV. Thi s shoul d 
not be too surprising because nasopharyngeal carcinoma 
cells have not been grown permanently in culture. Once the 
appropriate growth factors for the carcinoma cells are 
identified, they presumably will support also the growth of 
experimentally EBV-transformed epithelial cells. 

Despite the deficiencies in our knowlege, one wonders 
why a key role of EBV in the genesis of Burkitt's lymphoma 
and nasopharyngeal carci noma is sti 11 questi oned, whereas a 
causative role of the fourth "first human cancer virus", 
the human T-cell leukemia virus, tacitly accepted as the 
cause of human adult T-cell leukemia, even though it should 
raise similar doubts. In fact, EBV has served as model for 
the HTLV studies; every seroepidemiologic observation made 
with HTLV is matched by earlier obserations made with EBV. 
This includes the existence of many seropositive healthy 
viral carriers which clearly implies that in addition to 
HTLV other factors are needed to induce a T-cell leukemia 
or 1 ymphoma • 

Truly amazing strides have been made regarding the 
biochemistry and molecular biology of EBV. The viral genome 
has been deciphered, fragments of it have been cloned, 
genes have been transfected to various types of cells, new 
EBV-specific antigens have been identified, and a number of 
viral polypeptides and glycoproteins are produced now in 



quantity for study of their biological functions, their 
usefulness in the specific serodiagnosis and in monitoring 
of EBV-associated diseases, and last not least, for production 
of a vaccine. 

We have no doubt that the glycoprotein vaccine now in 
the offering will protect susceptible college students, at 
least transiently, against infectious mononucleosis, perhaps 
even permanently, if a subsequent exposure to EBV evokes a 
rapid recall of antibodies to intercept disease, although 
not necessarily inapparent infection. If thus a persistent 
viral carrier state ensues it will convert an initially 
transient into an ultimately permanent immunity. However, 
for prevention of EBV-associated malignant diseases presumably 
also latent persistent EBV infections have to be prevented, 
which presents a vastly more difficult task. 

It is clear that one cannot discuss the present without 
at least a few glimpses into the future. We have learned 
in the late 1950s, however, that it is hazardous to go 
further. At that time, Sir MacFarlane Burnet, the eminent 
Australian virologist-immunologist and Nobel laureate, 
passed through Philadelphia and told us that he was 
abandoning virology to return to his first love, immunology, 
because all important things that can be done with viruses 
had been done. It showed that the crystal ball of even 
the great can at times be awfully cloudy. One thing we 
can say today with assurance; not all important things 
that can be done with EBV have been done. There is plenty 
of work ahead so that EBV will remain an efficient travel 
agent for all of you for some time to come. EBV has taken 
many of us allover the world, to study EBV-associated 
diseases in endemic regions of Africa or the Far East, or 
to attend EBV-devoted conferences, symposia or workshops 
in many parts of the world, including now this lovely spot 
in Greece at the shores of the wine blue sea. There are 
still further years of further EBV-induced travels ahead 
before the glycoprotein vaccine will put an end to it. 
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