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Foreword

This symposium on herpes virus was held under the auspices of the Na-
tional Cancer Institute (grant #5R13 CA15961-02) during the week of
August 3-8, 1975 and ‘included 16 faculty members and 60 participants.
During this week a diverse group of investigators with wide experience in
viruses (both with animal and human cell systems) brought together signifi-
cant information on the herpes virus implicated in the areas of productive
and nonproductive transformation. Various immunologic patterns and
serologic factors were reviewed and experimental therapeutic agents were -
thoroughly discussed. '

Donald W. King



Introduction

Herpes viruses have been recognized as infectious entities for many years.
The word herpes, derived from the Greek term “to creep,” was used in the
Hippocratic literature to portray disseminating and usually ulcerative
cutaneous lesions [1]. The interest in the herpes viruses which has increased

"recently can be attributed in part to implications that some of these viruses
play a role in the etiology of tancer in man and in a variety of other species.

The purpose of the present symposium has been to assemble the most
recent available information on the biochemistry and biology of herpes
viruses from experiments using model animals and both animal and human
cell systems, and to evaluate the relationship between this information and
the clinical-epidemiologic findings on herpes virus infections in man. A
central issue in this correlation of data was to determine what are the facts
and arguments in favor of herpes viruses being directly implicated in certain
malignancies ‘and what are the unanswered questions which might support,
impede or modify such an association. Faced with the clinical facts of
ubiquitous herpes virus infections in man the most recent advances and ap-
proaches to chemotherapy were evaluated. Using the information assembled
from the molecular and biologic studies on herpes viruses (structure, anti-
genicity, host response, latency and recurrent infections) other approaches
to therapy and prevention (such as vaccines) were explored.

There are at least five herpes viruses known in man: herpes virus simplex
1 (HSV-1), herpes virus simplex 2 (HSV-2), varicella zoster (herpes zoster
virus, VZ, HZV), Epstein-Barr virus (EBV) and cytomegalovirus (CMYV).
The common use of the term ‘“‘herpes virus” is usually restricted to HSV-1
and HSV-2. Among these five herpes viruses, HSV-1, HSV-2 and EBV
viruses have been associated with cancer in man. Marek’s disease herpes
virus (MDV) in chickens and herpes virus simiri and ‘ateli in monkeys have

" been related to oncogenicity in those animals. ’

The classification of the herpes viruses is based primarily on their struc-
ture (see Roizman, Kaplan). These are large enveloped virions with a DNA
core which is surrounded by protein layers known as the capsid [2]. Most of
the structural studies on herpes virus DNA and on their capsid proteins
have been carried out on HSV-1 and to lesser extent on HSV-2 (see
Roizman), or similar viruses such as pseudorabies in the pig (see Kaplan).
In contrast, the virus-cell interactions of a nonlethal nature (e.g., cell

. transformation) have been carried out mostly with the EBV viruses (see
Henle, Klein, Miller) and more recently with HSV (see Rapp).

Herpes viruses characterijstically remain associated with specific cells and

tissues, sometimes for the lifetime of the hest. Consequently, latency of the
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2 CANCER BIOLOGY—HERPES VIRUS

virus, and its persistence in tissues, such as HSV in sensory ganglia, oral-
facial (HSV-1) and urogenital (HSV-2) areas (see Stevens, Nahmias, Rapp,
Sabin), causing recurrent infections, pose severe clinical problems (see
Nahmias, Henle, Alford and Sabin) and are perplexing phenomena on the
fevel of virus-cell interaction (see Klein, Miller, Rapp, Stevens, Nahmias)
and on the immunologic level (see Henle, Nahmias, Klein, Miller, Rapp,
Sabin), a basic question being whether the ability to cause latent infections
plays a role in the induction of cancer.

Herpes virus infection can be productive in permissive cells, resulting in
virus replication, host cell alteration and ultimate lysis (see Roizman,
Courtney, Rapp. Kaplan, Henle). The herpes viruses vary in their ability to
grow in various test systems. HSV-1 and HSV-2 can replicate in both
human and animal fibroblasts (see Rapp), while EBV growth is confined to
human and primate lymphoblast cell lines and its replication in those cells is
restricted or can be induced only under specific circumstances (see Henle,
Rapp).

The nonproductive ‘infection is of great interest in evaluating the role of
herpes viruses in malignancy. The infection of appropriate cells with inacti-
vated or defective herpes viruses may lead to cell transformation (see Rapp,
Sabin, Henle, Klein, Miller). The transformed cells to varying degrees, de-
pending on the virus and the host cell, carry the genetic information of the
virus detectable biochemically; this information is expressed by the presence
of new nuclear and surface antigens in the host cells and is detectable by
immunologic methods (see Henle, Klein, Miller, Rapp, Sabin).

EBYV transforms cells in vitro by endowing lymphocytes with the capacity
to proliferate continuously to produce lymphoblastoid cell lines (see Klein,
Henle, Miller, Rapp). There is no evidence that these EBV “immortalized”
lines are oncogenic in vivo in an immune-competent animal (see Miller), yet
they have neoplastic potential inimmunologically deficient nude mice (see
Klein). The factors determining whether the EBV “immortalized” cells are
neoplastic may depend on a specific genetic constitution of the cell and/or
its state of differentiation (see Klein).

Infection of rodent or human cells by defective virus mutants (produced
by UV-irradiation or pliotodynamic inactivation) of HSV-1 and HSV-2 and
possibly CMV (see Rapp) results in neoplastic transformation similar to
that induced in vitro by known oncogenic viruses (see Sabin). The
transformed cells acquire a variety of properties characteristic of neoplastic,
cells, and in tested cases (e.g., mouse and hamster transformed fibroblasts)
they can give rise to tumors upon injection into syngenetic hosts (see Rapp).

Herpes viruses have been implicated in cancer on the basis of clinical-
epidemiologic findings in man (see Henle, Nahmias, Klein, Sabin, Rapp).
EBV has been consistently associated with two human malignancies, Bur-
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kitt lymphoma (BL) and nasopharingeal carcinoma (NPC). EBV is
considered also as the cause of infectious mononucleosis (IM), a benign
disease in which lymphocytes have the capacity to proliferate continuously,
reminiscent of the lymphocyte “immortalization” in vitro by EBV. The
oncogenicity of a virus in vivo which occurs in some situations but not in
others may be attributed to deficient immune surveillance mechanisms (see
Klein, Henle). Findings of consistent specific chromosomal abnormalities in
BL cells but not in benign EBV-infected cells alternately suggest that a
certain cellular genetic makeup might be necessary in order for the virus to
induce malignant transformation in certain cell populations, similar to the
situation in vitro (see Klein, Rapp). It is of interest that IM is a multiclonal
disease, while BL is uniclonal [3]. The mode of involvement of EBV in NPC
mentioned above has been recently questioned, following findings that the
virus is carried by the epithelial cells of the carcinoma rather than by the in-
filtrating tymphocytes, as believed heretofore (see Klein, Henle, Rapp).

The complex immunologic factors and patterns of antibody synthesis in-
volved in various EBV-associated diseases have been extensively discussed
(see Henle). Antibodies are made preferentially against certain
subcomponents and components of the antigen complex, depending on the
disease. Among the various antigens (membrane and nuclear), the EBV
early intracellular antigen is of particular importance since antibodies
against it are formed in high titers in EBV-associated diseases but relatively
rarely and in low titers in healthy individuals.

The oncogenic potential of HSV .in man has been more difficult to
evaluate than that of EBV. HSV-2 has been associated with squamous
cervical carcinoma on the basis of seroepidemiologi¢ studies (see Nahmias,
Sabin, Rapp). Attempts to demonstrate herpes virus DNA or antigens in
human cervical carcinomas have been. frustrating and inconclusive (see
Sabin, Rapp).

Several schemes suggest the relationship between infectivity by the herpes
viruses, transformation and malignancy (sece Sabin, Nahmias, Miller,
Rapp). Discussions by various participants emphasized that there are still
many open questions on the defined interactions between the viruses and
their hosts as pertaining to latency and malignancy and the answers are not
yet at hand. ,

Control of herpetic infections in man involves recognition of their
biochemical nature as large DNA viruses and of their distinctive biologic
behavior, such as life cycle, latency, chronicity and recurrence of infection.
The approaches have been immunologic and chemotherapeutic (see Alford).
The most effective approach has been chemotherapy (see Alford, O’Con-
nor, Cohen). Compounds such as 5-iododeoxyuridine (IUDR) which are
directed against virus-coded enzymes induced in the infected cells and
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essential for viral replication have been effective; or inhibitors of DNA syn-
_thesis, some of which inhibit viral replication faster than killing the host
cell, have been widely used (e.g., D-arabinosyladenine—ara A). The effec-
tiveness of ara A, which is also an antitumor agent, varies with the infecting
herpes virus (see Alford) and is decreased after administration due to meta-
bolic inactivation by deamination. The use of deaminase inhibitors is being
explored. These inhibitors must be used with caution in man since they
increase the toxicity of the arabynosyl compound (see Cohen).

In discussions among the participants, the possibility of herpes virus vac-
cines was evaluated on the basis of the assembled information. The prob-
lem of heterogeneity of the herpes viruses was raised (e.g., to date 50 strains
of HSV alone have been identified). The use of attenuated virus is unlikely,
since a follow-up of many years would be required to test for oncogenicity.
The use of inactivated virus-would not be feasible since the viral DNA is
still oncogenic (see Rapp). The answer may lie in the use of- vaccines
containing subunits, such as DNA or purified protein. Little is known,
however, about the immune response to these viruses, since the predominat-
ing studies in the herpes virus field have been serologic.

The Editors
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The Sero—EpldemloIogy of Epstein-Barr
Virus

Werner H"enle. M.D., and Gertrude Henle, M.D.

Isolation of a seemingly new virus from a patient must be followed,
among others, by several immunologic test procédures to ascertain (a)
whether the virus is indeed new or can be identified; (b) whether it was truly
isolated from the patient by demonstration of antibodies to the virus in the
patient’s serum; (c) whether other patients with a similar disease also have
antibodies to the virus; and (d) whether, and at what fequency, antibodies
are found in the general population—which, in turn, will indicate whether
the virus is widely disseminated or.rare, and whether the disease involved
might be an unusual mfanifestation or the inevitable result of infections by .
the virus. These procedures are routine for the diagnostic virologist but, un-
fortunately, they are not generally applied to viruses derived from human
malignancies and proclaimed as “‘first human cancer viruses.” The immu-
nologic approaches mentioned might have preventcd false hopes and embar-
rassment in several recent instances.

The validity of the required immunologic studies is well illustrated by the
results obtained with the Epstein-Barr virus (EBV). This herpes group virus
was detected by electron microscopy over 11 years ago in a small propor-
tion of lymphoblastoid cells cultured from Burkitt’s lymphoma (BL)
biopsies by Epstein and his co-workers. It was readily assumed by most ob-
servers that it was one of the then known human herpes group viruses; i.e.,
herpes simplex virus (HSV), cytomegalovirus (CMYV) or varicella-zoster
virus (VZV) and, since the virus was subsequently found also in lymphoblast
cultures of non-BL origin and no herpes virus had as yet been shown to be
oncogenic, it was considered of no particular importance and relegated to a
passenger role. However, the virus could not be transmitted to cell cultures
or other host systems known to be susceptible to HSV, CMV, or VZV,

From the Division of Virology, Jeseph Stokes, Jr. Research Institute of the Children’s Hos-
pital of Philadelphia and School of Medicine, University of Pennsylvania, Philadelphia, Pa.

Work by the autliors was supported by research grant CA-04568 and contract NOI1-CP-
33,272 from the National Cancer Institute, U.S. Public Health Service. W. Henle is rccnpxem
of career gward 5-K6-22,683 from the National Institutes of Health.

For detailed references the reader is referred to recent reviews of this and related topics
listed at the end of this chapter. Only references to new observations are presented in the text.
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which thus provided the first clue that it was a heretofore unknown member
of the herpes group and soon to be named the Epstein-Barr virus.

Immunologic studies were hampered by the fact that EBV could be main-
tained only in continuous lymphoblast lines, such as the original BL cul-
tures, in which at best only about 10% of the cells produce a'largely defec-
tive viral progeny or merely virus-specific antigens; i.c., abortive cycles of
replication. This situation stili holds at present, since no cells have been
found which are fully permissive for EBV. The lymphoblast cultures are
divided into *“‘producer’” and *“‘nonproducer” lines, depending on whether or
not virus is synthesized in some of the cells, although all harbor EBV
genomes. Virus separated from producer cultures can either superinfect
nonproducer cells, which results, as a rule, in an abortive infection with
synthesis of early but not late antigens and thus no virus particles, or it
transforms lymphocytes in vitro into permanently growing cultures of lym-
phoblasts, all carrying EBV genomes. The lines so established again are
divided into producers and nonproducers. '

Because of the restricted growth and maintenance of the virus, the more
usual immunologic technics, such as neutralization and complement fixa-
tion tests, were not immediately applicable to studies of the virus. EBV- or
viral antigen-synthesizing cells in producer cultures were readily detectable,
however, by indirect immunofluorescence with many human sera known to
be devoid of antibodies to HSV, CMV or VZV. These results, as well as the
absence of immunofluorescent staining by HSV-, CMV-, or VZV-specific
immune sera proved beyond doubt that EBV was a new virus.

Although sera were not available from the patients who provided the first
BL cultures, there is no doubt that they would have contained antibodies to
EBV since to date all sera from African BL patients have yielded positive
immunofluorescence, usually at high titers. Thus, EBV appeared to be
associated with African BL.

Serologic surveys with this first immunofluorescence test, which was
shown to detect mainly antibodies to viral capsid antigen (VCA), indicated
that EBV has a world-wide distribution in that anti-VCA was present in
sera from children at variable but substantial frequencies, depending on hy-
gienic and socioeconomic conditions, and in the great majority of sera from
adults. These observations clearly implied that BL, if caused by EBV, would
be an unusual manifestation rather than the inevitable result of infections by
the virus.
~ In a search for other diseases possibly caused by EBV it was noted that
several individuals seroconverted from anti-VCA negative to positive status
in the course of infectious mononucleosis (IM). This provided the first clue
that EBV might be the cause of IM, which by now has been firmly es-
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tablished. It was also observed that patients with anaplastic or poorly dif-
ferentiated nasopharyngeal carcinomas {NPC) uniformly had antibodies to
VCA, usually at high titers. Thus three diseases (BL, IM and NPC) were
shown to be closely associated with EBV on serologic grounds. Compared
to controls, an over-representation of high anti-VCA titers, but not as strik-
ing as in IM, BL or NPC, was noted also in several other malignant and
nonmalignant diseases, such as Hodgkin’s disease, chronic lymphatic
leukemia, sarcoidosis, systemic lupus erythematosus and others: Since some
of these types of patients have no antibodies to EBV, an etiologic relation-
ship of EBV to these diseases seems unlikely.

It was evident that merely the incidence and titers of anti-VCA were in-
sufficient for discrimination between causal and other relationships of EBV
to given diseases. More refined serologic technics, to be discussed below,
and other types of evidence, to be reviewed by Drs. Klein and Miller, were
needed for this purpose.

EBV-related Antigen-Antibody Systems

" Four groups of antigens have been differentiated in lymphoblasts per se
or after various manipulations by immunofluorescence technics with
selected human sera (Table 1). They are (a) the viral capsid antigen (VCA)
already noted; (b) EBV-determined cell membrane antigens (MA), which
comprise several early and late components; (¢) the EBV-induced early (in-
tracellular) antigens (EA), which are subdivided into the D (diffuse) and R
(restricted) components on the basis of immunofluorescent staining pat-
terns; and (d) the EBV-associated nuclear antigen (EBNA), which is present
in all EBV-transformed cells and resembles a T antigen. In addition, EBV
neutralization tests have been developed which are based on the prevention
of either EA synthesis in, or death (no colony formation) of, nonproducer
cells after superinfection by EBV, or on the prevention of transformation of
cord blood lymphocytes by the virus. The neutralizing antibodies appear to
be identical with antibodies to some MA components. Also soluble (S)
complement-fixing antigens have been extracted from cells of producer as
well- as nonproducer cultures which seem largely identical with EBNA.
Among the various antigens, the EA complex is of particular importance,
since the corresponding antibodies are found at high frequencies and often
high titers in EBV-associated diseases but relatively rarely and at only low
levels in healthy donors. Anti-D predominates in many IM and NPC,.and
anti-R in most BL patients. The antibody spectra and titers in these diseases
will be discussed below. '
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Infectious Mononucleosis

As shown schematically in Figure 1, prospective studies have shown that
IM occurs only in individuals who previously had no antibodies to EBV. In
the acute phase of the disease, IgM and IgG antibodies to VCA are
regilarly found, the former. disappearing again within a few weeks, the lat-
ter persisting at readily detectable levels for life. Anti-MA (not shown) and
EBV neutralizing antibodies aiso arise.in all patients and they too persist,
usually for life, but anti-D appears only transiently in about 80% of the
patients. All these antibodies reach peak titers by the time of onset of iliness
or shortly thereafter, with anti-VCA and anti-D slightly-preceding anti-MA
and neutralizing antibodies: In contrast, anti-EBNA and anti-S, as a rule,
develop only several weeks or even months after onset. This difference in
appearance of the two groups. of antibodies has implications which will be
discussed later. The heterophil antibody response, which -with few excep-
tions is specific for IM, is seen in about 90% of young adult patients but
with decreasing frequency in consecutively younger age ranges.

These results show (a) that absence of antibodies to EBV denotes suscep-
tibility to IM, and the simultaneous persistence of anti-VCA and neutraliz- °
ing antibodies explains why anti-VCA, which is not a protective antibody,
nevertheless serves as a dependable indicator of immunity to the disease;
and (b) that serodiagnostic evidence for current primary EBV infections in
single acute phase sera is provided by detection of VCA-specific IgM anti-
bodies, presence of anti-D, and absence of anti-EBNA. Confirmation is ob-
tained by demonstration in subsequent sera of a decline and disappearance
of the IgM antibodies and of anti-D and appearance of anti-EBNA. While
EBV-specific serodiagnostic tests are not needed for typical heterophil anti-
body-positive cases of IM, they are needed for HA-negative cases or
patients with non characteristic or unusual manifestations of the disease,
whether observed as complications or as the only clinical signs of infection.

During the acute phase of IM, EBV is uniformly found in the oropharyn-
geal secretions, as determined by transformation of cord blodd
lymphocytes. Furthermore, continuous, EBV-positive lymphoblast lines can
be established regularly from peripheral lymphocytes of the patients. Virus
excretion into the oropharynx may persist for many months after onset and
may recur, presumably intermittently, for life. Also, lymphoblast lines can
be established at considerable frequencies long after overt or silent primary
infections from the peripheral blood and almost invariably from lymph
nodes. These observations provide clear evidence that primary EBV infec-
tions lead regularly to a persistent viral carrier state in the lymphoreticular
system which, in turn, explains the life-long maintenance of antibodies to
certain of the EBV-related antigens.
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FIG. 1. Scheme of antibody respouses, leukocyte cultures and EBV assays in throat washings
during the course of infectious mononucleosis. '
[

Typical IM is not a regular consequence of primary EBYV .infections. In
young adults of socioeconomically advanced nations, about one-third to
one-half of the infections remain silent, or cause such mild illnesses that IM
is not suspected. No or limited clinical responses are seen even more often
in young children; in pediatric cases with otherwise typical signs, a diag-
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nosis of IM has been rejected in the past when heterophil antibodies were
not detected. For these reasons, IM is practically unknown in those parts of
the world where primary EBV infections generally occur very early in life
because of poor hygenic or low socioeconomic conditions.

The early appearance of anti-VCA, anti-D and neutralizing antibodies in
the course of IM and the late development of anti-EBNA and anti-S sug-
gest that the two groups of corresponding antigens become available for an-
tibody stimulation under different conditions [1]. The first group is ob-
viously derived from lytically infected cells which shed the various
components during degeneration (Table 2). While synthesis of EBNA
probably occurs in the lytic cycle, it is produced in insufficient quantities, as
a rule, for induction of early antibody responses. It is likely that aside of
lytic infections, EBV also transforms lymphoid cells in vivo. Indeed, virus
excreted into the oropharynx is mainly of the transforming type.. Such
transformed cells would be EBNA-positive, viable and presumably capable

TABLE 2. Suggested Scheme of Primary and Continuing Antibody Responses to
: EBV-related Antigens

Permissive cells (Iytic tycles)

(EBNA) EA MA VCA VP

EBV— Primary antibody responses

Non-permissive cells (transformation)
Divisions of transformed cells
Anti-cellular immune responses

| !

Partial destruction Survivors
of transformed, cells

| Continued Divisions
EBNA |

] [ T 1
Primary anti-EBNA Spontaneous Partial Survivors
responses induction destruction
Etc.

(EA) MA VCA VP EBNA

|

Continuing antibody stimulation




