
Memoranda

Immunity to cancer
Naturally occurring tumours in domestic animals as models for research: 1*

Preventive vaccination is successfully practised today against two neoplastic diseases of
domestic animals: fibropapillomatosis of cattle and Marek's disease of chickens (a
lymphoproliferative disease). Also it may soon be possible to immunize cats against
lymphosarcoma. This memorandum describes these diseases and the immunological reactions
involved. It also mentions a number of other tumours that could be usedfor immunological
studies.

The greatest advances in immunity have been made with the tumours caused by viruses.
The killedpapillomavirus vaccine used against bovine papillomatosis produces demonstrable
antibodies against the virus. In the case of Marek's disease of chickens, which is due to a
herpesvirus, a live virus vaccine is used. This does not prevent infection with virulent virus,
but prevents the development ofneoplasia. The mechanism by which the vaccine produces its
effect is not yet known. Immunization with live and with killed vaccines has been successfully
carried out experimentally against leukosis of chickens, which is caused by an oncornavirus.
There is evidence that it will be possible to vaccinate cats against lymphosarcoma with non-
living vaccine.

Naturally occurring cancer in domestic animals parallels cancer in man more closely than
does experimentally induced cancer in inbred laboratory animals; therefore immunological
studies with the former are more likely to yield results relevant to the problem in man.
Experimental cancer in rodents provides models that have the great advantages of uniformity
and availability, and they cannot be replaced. However, models in domestic animals offer
valuable supplementary systems for research aimed at elucidating the basic principles of
immunity to cancer.

The immunology of neoplasia is today one of the
most rapidly developing areas of cancer research.
Not only is knowledge of the basic mechanisms
involved in cancer immunity growing fast, but al-
ready prophylactic vaccination against two neo-
plastic diseases-fibropapillomatosis of cattle and
Marek's disease of chickens (a lymphoproliferative
disease)-is a practical reality. As has occurred often
in other fields, this breakthrough, showing that in
principle vaccination against a naturally occurring
neoplasm is possible, resulted from work on diseases
of domestic animals. Furthermore, vaccination of
cats against lymphosarcoma is now believed to be
feasible. Research into the immunological processes
involved in these and other naturally occurring

* This Memorandum was drafted by the signatories listed
at the end of Part 2. A French version will appear in a
subsequent number of the Bulletin. Requests for reprints
should be addressed to: Chief, Veterinary Public Health,
World Health Organization, 1211 Geneva 27, Switzerland.

neoplasms of animals should lead to an understand-
ing of basic principles that will be of value in
investigating analogous problems in man.

This memorandum describes briefly some tumours
of domestic animals that present opportunities for
research and reviews current knowledge on the
immunoprophylaxis, immunodiagnosis, andimmuno-
therapy of these tumours. Some possible applica-
tions of the models are indicated, as many medical
research workers do not realize the scope for
collaborative investigations in the veterinary field.
The review does not include cancer in laboratory
animals (which is already extensively exploited) or in
other nondomesticated animals. Generally speak-
ing, the naturally occurring tumours of animals
parallel tumours in man more closely than do experi-
mentally induced tumours. Therefore results ob-
tained with the former are more likely to be relevant
to the problem of tumours in man.

Great progress in cancer immunology has been
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made with neoplasms caused by herpesviruses,
oncornaviruses, and papillomaviruses. The antigens
of the viruses and those that they engender on the
membranes of infected cells provoke a variety of
immune responses by the host. These diseases are
therefore open to investigation by modern immu-
nological methods. In the case of tumours of un-
known cause, knowledge is not so advanced, but
immunological reactions are known to occur and
have been demonstrated in many instances.

Naturally occurring tumours of domestic animals
offer realistic models with regard to host factors,
vascularization, and metastasis, and some are avail-
able for experimental manipulations without inter-
ference by conventional therapeutic procedures.
Moreover, the pathogenesis of the disease unfolds in
a much shorter period in animals than it does in man.

In this review those tumours of domestic animals
have been selected, study of which seems the most
likely to lead to new concepts and technical methods
of value to human cancer research. It is certainly not
intended to imply that these are the only tumours
that merit immunological investigation.

Selected references are included as an introduction
to the relevant literature, but no attempt has been
made to document all statements."

HERPESVIRUS TUMOURS

Viruses of the herpesvirus family occur in many
species and have a similar morphologic and physico-
chemical composition (1-8). They are ether-sensitive
and heat-labile (56°C). The virion is a sphere
150-180 nm in diameter. It contains DNA and
consists morphologically of an icosahedral core bear-
ing 162 capsomeres and surrounded by a double
membrane. Virus synthesis and assembly take place
principally in the cell nucleus.
Among the herpesviruses, oncogenic activity has

been shown for the virus of Marek's disease (a
lymphoproliferative disease of chickens), Luck6 virus
of frogs (renal adenocarcinoma), Herpesvirus saimiri
of squirrel monkeys (lymphoma, reticulum cell
sarcoma, and leukaemia in several subhuman pri-
mates), H. ateles of spider monkeys (leukaemia and
malignant lymphoma in other monkeys), and H. syl-

a A comprehensive list of references on cancer in domestic
animals is prepared twice yearly by WHO. Professionally
interested persons may obtain single copies of these lists free
of charge on request to: Chief, Veterinary Public Health,
World Health Organization, 1211 Geneva 27, Switzerland.
Back numbers to 1967 are available.

vilagus of cottontail rabbits (lymphoma). A possibly
etiologic association has been demonstrated for
Epstein-Barr virus (Burkitt's lymphoma and naso-
pharyngeal carcinoma in man), H. hominis types 1
and 2 (oral and genitourinary tract carcinomas),
herpesvirus of sheep (pulmonary adenomatosis),
guineapig herpesvirus (leukaemia), and horse herpes-
virus type 3 (hamster lymphoma). Many other
herpesviruses of these and other species have not
been extensively studied yet.

Infection of animal cells with herpesviruses may
result in either productive or nonproductive infec-
tion. In productive infection, new viral progeny are
produced and the outcome is death of the cell owing
to irreversible damage caused by the inhibition of
cellular macromolecular synthesis. In nonproductive
infection, the cell survives and apparently harbours
all or part of the genome of the virus. The molecular
nature and sequence of the functions expressed in
early productive and in nonproductive herpesvirus
infection appear to be very similar. The conditions
favouring the induction of neoplasia are those that
seemingly limit the chances of proliferative infection.
They include (a) genetic differences in the host that
affect the extent of viral gene expression and hence
the outcome of the infection-e.g., the induction of
cancer in an unnatural host by H. saimiri and
H. ateles (see also papillomavirus below); and
(b) genetic defectiveness in some virions as seen in
neoplastic transformation in vitro by herpes simplex
virus that has been inactivated by ultraviolet irradia-
tion or photodynamically, yet remains capable of
causing a nonproductive, nonlytic infection.
The biochemical events that take place in produc-

tive herpesvirus infections in cells are usually divided
into " early" and " late " functions. The former are
those that do not depend on prior synthesis of viral
DNA. Since productive viral infections lead to cell
death, it is probably the " early" events-i.e., those
taking place before viral DNA synthesis-that cause
neoplasia.
Both productive and nonproductive herpesvirus

infection results in the production of viral-specified
antigens that may or may not be part of the virus and
that may be inserted into the cell membrane. Of all
the known biochemical functions expressed by
herpesviruses in infected cells, the one most likely to
be oncogenic is the modification of the structure,
function, and immunologic specificity of the mem-
branes of the cell that alters the social behaviour of
the cells and brings about a lack of response to
growth regulation. The antigenic moieties present in
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the envelope of the virus provide the basis for
immunologic recognition and the means for prevent-
ing viral infection or for limiting the spread of the
virus by the haematogenous or lymphogenous
routes. The antigens present in the cell membrane
also provide the basis for the recognition of infected
cells and a means of destruction by the host employ-
ing humoral or cell-mediated immune mechanisms.
Far fewer viral events are expressed in nonproductive
than in productive viral infections; the viral-specified
antigens inserted into the cell membrane by the virus
in neoplasia are therefore limited in number.

Bodily defence (9, 10) against the oncogenic
viruses acts in three ways: by preventing or limiting
the extent of infection with the virus; by reducing or
eliminating with specific immune mechanisms the
neoplastic or non-neoplastic cells bearing the herpes-
virus genome; and by enhancing the nonspecific
defence mechanisms (primarily cellular) that act
alone or in cooperation with specific immune me-
chanisms to maintain homeostasis and to eliminate
the altered or aberrant cell. Primary infection can be
prevented or limited by the prior administration of
live or killed viral vaccines that induce viral neutral-
izing antibody. Once infection is established, how-
ever, virus may be passed from cell to cell by contact
or may spread inside infected macrophages, where it
is protected from antibody. The abnormal antigens
present on the surface of tumour cells are subject to
immunologic responsiveness, and it is conceivable
that one might utilize these antigens in vaccines to
bolster the host's capacity to seek and reject the
aberrant cells. Foreign antigens are believed to pro-
vide a means for immunologic rejection, as in homo-
transplantation, mediated by T lymphocytes rather
than B lymphocytes or antibody. Attempts may be
made to enhance existing immune responses clini-
cally by increasing T-cell formation and response (as
with BCG, transfer factor, or thymosin-a regulator
of the T-cell activity of lymphocytes), and experi-
mentally by, for example, reversing or breaking
immunologic unresponsiveness or removing blocking
serum activities that negate the effect of otherwise
functional T lymphocytes.

Marek's disease

Marek's disease is a common lymphoproliferative
disease of chickens that is prevalent throughout the
world. The disease, which is caused by a herpesvirus,
is commonly referred to as neural lymphomatosis or
fowl paralysis.

In affected chickens, lymphoid tumours may be
present in the peripheral nerves, gonads, liver, skin,
lungs, muscles, spleen, kidneys, bursa of Fabricius,
or thymus. Inflammatory changes and necrotic
lesions may also be present.
Complete viral replication to produce infectious

virus takes place only in the feather follicle epithe-
lium; in other organs, the viral infection is hidden or
incomplete, and the presence of virus can be detected
only by cultivation in vitro. Viral infection is not
always followed by tumour development, and clinical
disease appears to result only in a minority of
infections. Factors such as genetic constitution, age,
sex, immune competence, time and strength of the
individual immune response, virulence of the virus,
age at exposure, and the dose of virus may all
influence tumour development.
The virus is transmitted horizontally in the in-

fected environment. Transovarian antibody affords
only limited protection against the disease. The
disease is reputed to depress both the cellular and
humoral immune mechanisms and this is believed to
result from infection of the thymus and bursa of
Fabricius by the virus.

Highly effective vaccines against Marek's disease
have been developed. These are: (a) a virulent virus
attenuated by serial passage in chicken kidney cell
culture, (b) a naturally avirulent virus of chickens,
and (c) an antigenically related herpesvirus of tur-
keys that is naturally avirulent for both turkeys and
chickens. The last-named vaccine, now widely used
throughout the world, usually consists of a suspen-
sion of infected duck or chick cells grown in culture.
A dried cell-free preparation is also used, but may be
less effective under certain circumstances owing to
virus neutralization by transovarian antibody in
chicks derived from immunized hens.
The mechanism of action of the vaccine is un-

known. Antibody is induced in most vaccinated
birds, but is of doubtful importance in limiting cell-
associated virus infection. The vaccine does not
prevent infection with the virulent Marek's disease
virus or prevent the maturation and shedding of the
virus, although there is evidence that it reduces both
the level of infection and the rate of shedding. Both
the virulent and avirulent viruses persist for the
lifetime of the bird. It is important to note that,
whereas the vaccine virus does not prevent infection
with the virulent virus, it does prevent the clinical
expression of the virulent virus as cancer, and this
may be an important guiding principle in cancer
control by viral vaccines.
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Lymphoma and leukaemia in monkeys
Although these neoplasms are not naturally occur-

ring tumours of domestic animals, they are included
in this memorandum as further examples of the
important group of tumours due to herpesviruses
and because they are good models in a host closely
related to man.
H. saimiri was recovered initially from the kidneys

of squirrel monkeys (Saimiri sciureus) and H. ateles
was isolated from the kidney culture of a black spider
monkey (Ateles geoffroyi). The viruses are latent in
the natural hosts and can be recovered by cultivation
of the host cells alone or together with susceptible
cells. The two agents are immunologically distinct.
Both viruses are transmitted horizontally in their

natural hosts. Infection occurs at an early age and
the animals remain carriers for life. The infected
natural hosts are usually free of clinically apparent
illness, but several heterologous species of primates
may develop neoplasia when infected experimentally.
H. saimiri causes lymphomas when inoculated into
several species of marmosets, owl monkeys, cinna-
mon ringtail monkeys, spider monkeys, and African
green monkeys; also naturally occurring leukaemia
due to this virus has recently been reported in owl
monkeys. Owl monkeys and white-lipped marmosets
have been reported to develop lymphocytic leu-
kaemia rather than lymphoma in certain instances.
H. ateles has been found to cause malignant lym-
phoma with terminal leukaemia in cottontop mar-
mosets, and lymphomas in owl monkeys.
More is known of H. saimiri than of H. ateles.

Animals of all ages are equally susceptible to the
induction of neoplasia by the former. The probable
course of events is infection of lymphoreticular cells
at the injection site. The infected cells transform and
proliferate as multiple malignant clones without
developing inclusion bodies, infectious virus, or
detectable viral antigen. It is not known whether the
viral genome spreads from the transformed cells to
uninfected reticulum cells by cell-to-cell contact,
whether there might be a brief derepression of viral
function sufficient to infect new cells, or whether the
increase of virus-infected cells is entirely due to cell
proliferation. Inclusion bodies, viral particles, or
viral (fluorescent antibody label) antigens are not
demonstrable in tissues taken in vivo. The viral
functions, however, are rapidly derepressed on co-
cultivation in vitro with susceptible cells. Both cyto-
plasmic and nuclear antigens are observed. The virus
appears not to be horizontally transmitted in species
in which tumour is induced.

H. saimiri viral neutralizing antibody in high titre
in the absence of detectable infectious virus is found
in both latently infected squirrel monkeys and in-
fected animals with lymphoproliferative disease. The
kinds of antigen induced by H. saimiri are not fully
defined, although infected cells have been shown by
fluorescent antibody tests to contain antigens in the
nucleus and cytoplasm. Cells infected in vitro with
H. saimiri contain at least two and possibly three
different antigens that may be equivalent to the early
and late antigens of other herpesviruses. Squirrel
monkeys develop antibody against both early and
late antigens after primary infection, but only the
antibodies against the late antigens persist, those
against the early antigens declining in 6 months to
1 year.

The animal herpesviruses models
The oncogenic herpesviruses of animals are of

special value in providing models for studies of
oncogenesis, immunologic responses, and control
procedures that may eventually be applied to man.
The Marek's disease model provides definite evi-

dence that herpesviruses can cause cancer, that the
viral infection is spread horizontally, and that the
disease can be prevented by the use of a vaccine.
More particularly, the model shows that a vaccine
need not prevent infection with virulent virus in
order to prevent cancer. Instead, it needs only to
limit the ability of the virulent virus to express itself
as cancer. Furthermore, it illustrates that it is not
essential to understand cancer before it can be
prevented.

Studies of the differences between pathogenic and
nonpathogenic strains may help toward an under-
standing of the mechanism of viral oncogenesis.
The Marek's disease model provides an opportu-

nity to test the efficiency of killed, subunit, and
tumour antigen vaccines for the prevention and
control of herpesvirus cancer before equivalent viral
vaccines are tested in man. It permits tests of
nonspecific immunostimulatory substances in pro-
phylactic and therapeutic trials. Likewise, it allows
the evaluation of chemical agents for treating cancer,
particularly those now being used to treat Burkitt's
lymphoma in man.

In basic immunology, the model makes it possible
to investigate why some infected animals develop
cancer and others do not, and why some of the
lesions are progressive and others regressive. The
important matter of which immune responses are
favourable and which are unfavourable can be fol-
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lowed prospectively and in detail, and the question of
which viral-specified antigens are expressed in malig-
nant neoplasia and which are essential to neoplasia
and to tumour regression can be investigated.
The model may also help to explain why clinical

neoplasia is the less common event following infec-
tion; the extent and manner of integration of herpes-
virus DNA into the cell genetic apparatus; whether
the tumour in Marek's disease is of monoclonal or
polyclonal origin; and why infectious virus is pro-
duced in vivo only in the feather follicle epithelium.
The H. saimiri and H. ateles monkey models

provide parallel means for probing most of the
above-mentioned problems, especially those relating
to the prevention of neoplasia by vaccines. They may
have special relevance to man because primates are
involved.
An important question, as yet unanswered, is

whether the simian herpesviruses ever cause neo-
plasia in their native host species. If they do, the
models may allow long-term prospective definition of
what determines the development or lack of develop-
ment of cancer in nature and what events are
associated or not associated with tumour progression
and regression. The models make it possible to
define, in vivo, the likely significance of genetic
damage (ultraviolet light or photodynamic inactiva-
tion) that renders herpesviruses of human origin
capable of neoplastic transformation in cell culture.
Another important question to be solved is whether
carcinogenic chemicals would render herpesviruses
neoplastic in the homologous species. Finally,
methods for the conversion of nonproductive herpes-
infected cells to a productive lytic state, with result-
ant tumour destruction, could be tested by means of
the models.

ONCORNAVIRUS (LEUKOVIRUS) TUMOURS

The oncornaviruses (leukoviruses) are oncogenic
RNA viruses 100-120 nm in diameter. They replicate
by budding from cytoplasmic membranes. The
nucleoprotein core contains single-stranded RNA
and is surrounded by an envelope. The RNA is large
and hence may code for many gene products. Two
glycoproteins have been found in the envelope and
four or five major internal proteins have been de-
scribed. All oncornaviruses replicate by way of a
DNA intermediate of the infecting RNA, and inte-
gration of the DNA into the host cell genome seems
necessary for replication and for neoplastic trans-
formation.

These viruses have been shown to be the cause of
neoplasia in many species. Their oncogenic role has
been studied intensively, especially in mice, birds,
and cats, and also in cattle, sheep, pigs, hamsters,
rats, guineapigs, and several species of nonhuman
primates. There is much indirect evidence of their
involvement in human neoplasia.

Classification of the oncornaviruses is based
mainly on the animal species of origin and cor-
responds with the presence of group-specific antigens
common to viruses from each animal species. Some
groups are divided into subgroups, each with its own
antigens. In addition, there are interspecies-specific
antigen determinants for the mouse, rat, hamster,
cat, and monkey viruses, but not for the avian or
bovine viruses.
The tumour-associated antigens incorporated into

the tumour cell surfaces may be of three kinds:
(a) newly synthesized antigens that are coded for by
the viral genome and are not viral structural com-
ponents; (b) viral structural antigens-i.e., virus core
antigens that are group-specific and virus coat anti-
gens that are mainly subgroup-specific; and (c) dere-
pressed embryonic antigens. All three kinds can be
demonstrated by transplantation experiments, since
they are determinants against which the immune
response of the host is directed. Hence, they may be
referred to as transplantation antigens. Antigens of
categories (b) and (c) have not yet been demonstrated
in all oncornavirus models.

Oncornaviruses can be divided into those that
cause leukosis or lymphosarcoma and those that
cause other sarcomas. Although both kinds are
highly oncogenic in the natural, genetically suscep-
tible host, only the sarcoma viruses transform the
corresponding fibroblasts in tissue culture. Many of
the sarcoma viruses are genetically defective and can
produce infectious progeny only with the help of a
leukosis virus.
Endogenous oncornaviruses have recently been

found in apparently normal cells from chickens,
mice, and cats. These viruses resemble the ordinary
infectious oncornaviruses in structure and in replica-
tion via a DNA intermediate. So far, however, they
have not been found to be oncogenic.

Avian leukosis-sarcoma
Although the avian oncornaviruses are widespread

in chickens, tumours occur with variable frequency
in different flocks (11-16). The neoplasia usually
becomes apparent during the second half of the first
year of life.
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The cells derived from a proportion of embryos
from most flocks of chickens contain a congenitally
transmitted leukosis virus. Chicks infected congeni-
tally remain viraemic for the rest of their lives and
usually do not develop antibodies against the virus.
Even though virus-specific immunologic tolerance or
paralysis exists, some degree of resistance must still
be present, since only a small proportion of the birds
develop leukosis. A large proportion of adult birds
display high-level antibody against avian oncorna-
viruses without the development of tumour. Many
infected birds develop microscopic primary tumours
in the bursa of Fabricius but never develop ap-
parent disease; this may be due to immune mech-
anisms.
Some degree of protection has been demonstrated

experimentally against leukosis and sarcoma viruses
by immunization procedures. Vaccination of adult
hens with live or killed leukosis virus provided their
progeny with a degree of protection against tumours
following challenge with the homologous virus, pre-
sumably via maternally derived antibodies (17). Pro-
tection against the development of tumours induced
by sarcoma viruses, by means of multiple injections
of suboncogenic doses of sarcoma viruses or multiple
injections of leukosis viruses, has also been reported.
In this case, protection was not associated with
humoral antibody and was shown to be effective
between viruses belonging to different sub-
groups (18).
The gross appearance and histological character of

the tumours vary considerably according to the cell
type rendered neoplastic. This is, to some extent,
determined by the strain of avian oncornavirus
involved, but many strains are multipotential. The
neoplasms that have been described include fibro-
sarcomas, myeloblastosis, erythroblastosis, nephro-
blastoma, osteosarcoma, lymphoid tumours, and
osteopetrosis. These cancers involve visceral organs
as well as myeloid and connective tissues. The
natural disease is usually produced by a complex of
oncornaviruses. The histological character of tu-
mours is therefore jointly determined by the prop-
erties of the complex and the organ infected. The life-
expectancy of experimentally infected chickens
depends upon the virus strain used, the dose of virus,
and the age of the inoculated bird. Survival following
virus infection can range from 2 weeks for myelo-
blastosis to over 1 year for lymphoid leukaemia. A
comprehensive review on the biology of avian tu-
mour viruses and the pathology of induced tumours
has appeared recently (12).

The avian oncornaviruses may be divided into five
subgroups: A, B, C, D, and E, according to the
properties of their envelope glycoproteins. Each
subgroup contains both leukosis and sarcoma
viruses. The virus envelope determines the host
range, the pattern of interference between viruses,
and finally subgroup specificity in the antiserum
neutralization test.

Infection with the avian oncornaviruses under
different experimental circumstances can lead to
virus replication with neoplastic transformation,
replication only, or transformation without the pro-
duction of progeny virus.
Tumour antigens on cell membranes have been

detected in vivo by immunization and tumour chal-
lenge experiments, in vitro by humoral and cellular
cytotoxicity tests, immunofluorescence, immuno-
electron microscopy, and the paired radiolabelled
antibody technique.
The viral envelope antigens that impart subgroup

specificity consist of two glycoproteins with molecu-
lar weights of 37 000 and 115 000. These same
glycoproteins are inserted into the membranes of the
infected cells, both at the site of virus budding and
where no virus assembly is visible. These subgroup
antigens in the cell membranes can function as weak
transplantation antigens, since they are the targets
for tumour cell destruction of lymphocytes and
antibody.
A group-specific tumour antigen also appears in

the membranes of cells from a variety of host species
including the chicken, mouse, rat, and hamster, when
these are infected with avian oncornaviruses. This
antigen is independent of the subgroup of avian
oncornaviruses used. Transformed mammalian cells
generally express a greater amount of the antigen
than chicken cells do. The antigen appears to be
distinct from any of the known major virion pro-
teins. It is the most immunogenic of the tumour-
associated antigens, inducing the most effective rejec-
tion response in the host.
The malignant transformation of chicken and

mouse cells by the avian oncornaviruses results also
in the appearance of embryonic antigens. These re-
expressed embryonic antigens are apparently distinct
from the group-specific tumour antigen described
above.
Chicken cells transformed by avian sarcoma

viruses may or may not produce progeny virus.
Transformed mammalian cells usually do not sup-
port avian sarcoma virus replication, with the excep-
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tion of several rat tumour cell lines. A virus-host cell
relationship exists in which transformed mammalian
cells show lack of virogenicity, that is, the original
transforming virus cannot be induced or rescued by
the usual laboratory methods. However, the continu-
ing presence of viral genetic information in these cells
can be revealed by demonstrating the presence of the
viral messenger RNA or virus-specified antigens, or
by cultivating the cells with normal chick cells-
whereupon virus is produced. Such a virus-cell rela-
tionship might have analogies in human neoplasia,
and the techniques developed for the study of this
phenomenon might be applicable to studies of cancer
in man. The recent development of several tempera-
ture-sensitive mutants of avian sarcoma virus pro-
vides an opportunity for the study of the molecular
events in the synthesis of proteins associated with
neoplastic transformation by viruses.

Feline lymphosarcoma andfibrosarcoma

Tumours arising from lymphocytes are the most
common form of neoplasia in the cat (16, 19-21) and
granulocytic leukaemia and other myeloproliferative
disorders also have been reported. Feline lympho-
sarcoma of both young and old animals occasionally
occurs in clusters in the same household or cat-
breeding quarters. Feline fibrosarcoma is found less
frequently than lymphosarcoma and occurs mainly
in adult or aged animals.
Various clinicopathological types of lympho-

sarcoma occur. There is a thymic type in kittens, in
which the tumour occupies much of the thoracic
cavity; an alimentary type, in which it occurs in the
intestine, mesenteric lymph nodes, and spleen; and a
variety, not so commonly seen, in which there is
bilateral symmetrical enlargement of peripheral
lymph nodes. Tumorous infiltration of the liver and
kidneys is common, and some cats have lymphoid
cells in the anterior chamber of the eye. The blood
picture frequently is normal or shows neutrophilia.
In some cases, however, neoplastic lymphoblasts can
be seen in the peripheral blood, and occasionally
there is a lymphocytic leukaemia.
The feline oncornavirus system shows many simi-

larities to the avian system. Cat cells, like chicken
cells, may carry an endogenous oncornavirus. This is
transmitted vertically in the genetic apparatus of the
cell, is usually well repressed, and is not known to
cause cancer. The feline oncornaviruses that are
oncogenic comprise several subgroups, are infectious
for cat cells, and are transmitted horizontally.

As in the avian system, the feline oncornaviruses
possess subgroup-specific antigens that are glyco-
proteins and are located on the surface of the virion
and on the membranes of cells infected with the
virus. At present three subgroups, designated as A,
B, and C, are known. The host cell range and the
ability to interfere with homologous but not hetero-
logous virus are determined by cell surface antigen
receptors which are specific for the viruses of each
subgroup. These virus-host functional relations are
almost certainly associated with the subgroup-spe-
cific glycoproteins, and probably the same receptors
are involved in virus neutralization, in cytotoxic cell
lysis, and in surface membrane antigens demon-
strated by immunofluorescence. Cats may develop
high antibody titres against the subgroup antigens
but not against the group-specific antigens. The
subgroup antigens appear almost certainly to be
involved in immunity both to the virus and to
tumours.
The most useful method for demonstrating anti-

bodies against the subgroup-specific antigens is by
the " feline oncornavirus-associated cell membrane
antigen" (FOCMA) test. The regression of solid
tumours has been shown to be associated with the
development of antibody against FOCMA. The anti-
bodies can be transmitted maternally and are ap-
parently responsible for refractoriness to tumour
induction in kittens. Cats with lymphosarcoma
have either no antibody or antibody of only
low titre. High titres of antibody can be induced
artificially. These findings, collectively, justify the
hope that feline lymphosarcoma may eventually be
controlled by vaccines.

Bovine lymphosarcoma
The various manifestations of bovine lympho-

sarcoma (22-26) in the adult, juvenile, thymic, and
cutaneous forms resemble the disease in cats. The
relatively common adult form of the disease occurs
in cattle at an average age of 5-6 years and involves
scattered lymph nodes and organs. The juvenile form
may be present at birth but is usually not seen until
about 6 months of age. The thymic form appears in
young adult cattle 1-2 years old and this may include
involvement of some of the lymph nodes. Focal
infiltrations of lymphoid and primitive reticular cells
into the skin occur relatively rarely and only in cows
two or more years old. They persist for a few weeks
and in some cases progress to lymphosarcoma of the
adult form. Spontaneous regression of the infre-
quently occurring juvenile form has been observed.
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The natural disease may have a short or long
course. The infection may last for several years
before the appearance of lymphosarcoma in the
adult form of the disease. These observations, as well
as the remissions reported in both leukaemia and
lymphosarcoma, clearly indicate that immune re-
sponses may occur in cattle, probably involving the
interplay of virus, cellular antigens, antibody, and
cell-mediated immune mechanisms.

Evidence of the infectious nature of bovine lym-
phosarcoma and also of its vertical, horizontal, and
experimental transmission has been presented by
various workers.
When certain lymphocytes of infected cattle have

been held in culture after stimulation by a mitogen,
they produce a C-type oncornavirus. This virus has
been shown to produce a lymphocytosis in cattle and
leukaemia in sheep. Animals infected with the virus
develop antibodies that can be demonstrated in
precipitin tests with an antigen prepared from ether-
treated bovine oncornavirus.
Herds of dairy cattle have been tested for anti-

bodies against the bovine oncornavirus. In herds
with no clinically apparent lymphosarcoma, the pro-
portion of animals with antibody was lower than that
in herds with cases of lymphosarcoma. Virus has
been demonstrated in cultured lymphocytes from
cattle with antibody, including animals from herds in
which lymphosarcoma had not been demonstrated
recently. No antibody and no virus were found in
cattle from a particular herd that had a negative
history of lymphosarcoma and had been kept in
isolation. A significant number of cattle that have
antibody and demonstrable virus show definite or
suspect lymphocytosis which, if persistent, can be
regarded as chronic lymphatic leukaemia. The pres-
ence of antibody in animals that show no lympho-
cytosis and from which no virus can be recovered
suggests recovery from viral infection. The bovine
lymphosarcoma viruses isolated so far are totally
distinct serologically from the murine and feline
oncornaviruses.

Oncornavirus models
Much of what has been stated above with respect

to herpesvirus models can be applied equally well to
the oncornavirus model systems. Many oncornavirus
infections are known to be transmitted horizontally
in the postnatal period. Thus models are available
for studying the prevention of infection and/or neo-
plasia by killed and live virus vaccines. The responses
or the failure of response of the host to the virus can

be measured and correlated with the subsequent
development or failure of development of clinical
neoplasia.

Tumour-specific antigens that may or may not also
appear in the virion are present in the membranes of
the neoplastic cells. Again, the responses of the host,
as well as the failure of response of the host to these
unique antigens, can be studied and related to the
subsequent development of neoplasia. Furthermore,
these antigens provide an approach to prophylactic
as well as therapeutic immunization against cancer.
Not all immunologic responses of the host to

neoplasia are necessarily beneficial. In fact, the
presence, in tumour-bearing individuals, of immuno-
logically specific serum factors that may block lym-
phocyte-mediated antitumour activity is well estab-
lished. The oncornavirus systems make it possible to
study how such adverse responses can be prevented
or corrected.
The avian oncornavirus models may have special

merit in so far as they provide defined tumour virus
strains capable of replication in, and transformation
of, various kinds of host cells. Furthermore, the
humoral and cellular immune systems can be pre-
cisely manipulated by removal of the thymus or the
bursa of Fabricius in the avian oncornavirus system,
thus providing the means to study T and B cell
responses in relation to cancer development.
The feline oncornaviruses are ideal for studies of

the prevention of neoplasia by vaccination against
the infection spread horizontally. Investigations in
cats may have special relevance to man since the cat
is a mammal, is outbred, and is subject to many of
the same environmental conditions and stresses as
human beings are. The fact that lymphosarcomas in
cats may occasionally regress indicates that effective
immunologic mechanisms may be operative in the
cat against tumour, and this provides the means for
application and study of the effects of immuno-
manipulative procedures.
The bovine lymphosarcoma system constitutes a

model for studying the development and prevention
of a transmissible neoplasia in a large animal. The
possibilities of artificial immunization against a natu-
rally occurring neoplasm can thus be explored in an
economically important animal. The long life of the
animal and long incubation period of the adult type
disease in cattle offer a special opportunity to study
regression. In contrast, the relatively short incuba-
tion period in experimentally infected sheep should
provide a model for studying progressive tumour
growth.
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PAPILLOMAVIRUS TUMOURS

The papillomaviruses are a subgroup of the
papovaviruses (27). The virions have a diameter of
approximately 45 nm (26-50 nm) with 72 capso-
meres; they contain no essential lipids and have a
DNA core. An infectious nucleic acid can be ex-

tracted from the mature virion and has been de-
scribed as covalently closed, double stranded, cir-
cular DNA (28). The viruses replicate in the nucleus.
Attempts to propagate papillomaviruses in cell cul-
tures have so far been fruitless. They mostly have a
high degree of host specificity.
Two patterns of cellular change follow infection

with papillomavirus. Some epithelial cells of the skin
are stimulated to hyperplastic proliferation leading
to papilloma formation. Other epithelial cells are in
various stages of degeneration beginning in the
stratum spinosum. As these progress to the stratum
corneum, virions appear in the nuclear space.

Naturally occurring papillomas induced by papil-
lomavirus are found on the skin of cottontail rabbits
(Sylvilagus floridanus), cattle, and horses, and in the
oral cavity of dogs and domestic rabbits (Oryctolagus
cuniculus).
Warts on the skin of the cottontail rabbit are

caused by the Shope papillomavirus. Virus can be
recovered readily from warts in the natural host (the
cottontail rabbit). However, when this virus is inocu-
lated into the domestic rabbit, it produces warts from
which virus can be recovered only with difficulty.
Some of these papillomas in the domestic rabbit
change to squamous cell carcinomas; others regress
and the animal is then resistant to subsequent inocu-
lation.
Cutaneous papillomatosis of the horse and oral

papillomatosis of dogs and domestic rabbits affect
mainly young animals, last a varying length of time
and regress, leaving the animal immune.
Young cattle commonly develop large numbers of

warty growths consisting of fibropapillomas. These
may attain a diameter of 5-10 cm and retard the
growth of the animal, but eventually they regress.
The bovine papillomavirus causes neoplasia of

fibroblasts and squamous epithelial cells in cattle and
of fibroblasts only in the horse, hamster, and one
inbred strain of mice (CEH/eb) (28). The fibroblasto-
mas in the hamster appear to metastasize. Fibro-
blasts of the brain, skin, urinary bladder, and genital
mucosa in cattle are more susceptible to neoplastic
transformation by the virus than fibroblasts in other
locations (28). Although the virus can transform

certain bovine cells in cell culture, such transformed
cultures are not infective.

Cattle can be immunized with a formalin-treated
suspension of bovine papilloma tissue so that the
cutaneous epithelium will not become stimulated by
challenge inoculation of virus, although the fibro-
blasts may remain subject to stimulation. The fibro-
blastomas do not contain infective virus. Certain
virus isolates appear to be immunogenically related
but not identical, and the degree of immunity to
challenge can vary in the skin, vagina, and urinary
bladder (29). Calves inoculated by the intracerebral
route will develop progressively growing brain tu-
mours. Papillomavirus-induced fibroblastoma in one
cerebral hemisphere does not confer resistance to
later viral exposure of the other cerebral hemi-
sphere (28).

Vaccine administered to cattle that have fibro-
papillomas has been reported to confer varying
degrees of therapeutic benefit in clinical trials. Since
bovine fibropapillomas spontaneously regress after a
variable duration, the possible therapeutic effect of
vaccines is difficult to measure. One controlled trial
in which fibropapillomas were experimentally pro-
duced in cattle indicated that a vaccine of formalin-
ized, ground fibropapillomas had no therapeutic
effect. Convalescent serum caused a degree of passive
immunity in test calves but had no therapeutic value
in affected animals.
A significant level of virus neutralizing antibodies

cannot be found in the serum of immune cattle, but
can be found in the serum of immune horses (28).
Antibodies in the serum of immune cattle may be
demonstrated by immunofluorescence and gel-diffu-
sion techniques (30). Precipitins appeared earlier
than the development of resistance to reinfection,
and their presence could not be correlated with the
growth or regression of the fibropapillomas.
A method of obtaining relatively large quantities

of bacteria-free virus consists in making subcutane-
ous papillomatous cysts by means of autografts of
virus-infected skin (31). These cysts become filled
with desquamated epithelium of the papilloma that is
rich in virus. Antibody contained in the cyst will
combine with the virions so that they cannot be used
as antigen in the gel-diffusion precipitin test. The
infective virus that is present may be in excess of the
antibody.

Cell lines of fibroblasts of the tumour have been
established and can be employed for in vitro assays of
humoral as well as cell-mediated immunity to tu-
mour cells. In current studies, neoplastic fibroblasts
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have been found by the indirect immunofluorescence
test to possess tumour-specific membrane antigens.
The relation of bovine papillomavirus to naturally

occurring urinary bladder tumours is described
below.

Papilloma model systems

The equine cutaneous system and the dog and
rabbit oral papilloma systems provide relatively
simple models for examining the sequence of events
in viral infection, hyperplastic proliferation, and
regression of the tumours.
The Shope rabbit papilloma provides two host

systems, as the reaction in the domestic rabbit is
different from that in the cottontail rabbit. The
change from papilloma to carcinoma in the domestic
rabbit is available for immunological investigation.

The bovine fibropapilloma system involves both
cutaneous epithelium and fibroblasts that in certain
anatomical sites can be stimulated to neoplasia. The
subsequent regression of these two elements as well
as the virus-induced cell membrane antigen can now
be followed in sequential order. The bovine papil-
lomavirus can be used to examine immunological
aspects of the various stages of solid tumours in-
duced in hamsters of various ages as well as in the
horse. The role of the blood-brain barrier could be
studied with virus-induced tumours in the brain. The
apparent variation in the susceptibility of fibroblasts
is apparently due to local factors in tissues and can
be readily studied. The stages of growth and regres-
sion can be investigated with the newer techniques
for cell-mediated and humoral immunity applied to
the two types of tumour cell in bovine fibropapil-
lomas.
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