
Memoranda

Immunity to cancer
Naturally occurring tumours in domestic animals as models for research: 2*

Part 1 of this Memorandum appeared in Vol. 49, pages 81-91. Part 2 covers neoplasia
ofthe bovine urinary bladder; tumours ofunknown cause (including melanomas, osteosarco-
mas, mammary tumours, lymphosarcomas, mastocytomas, transmissible venereal tumours,
and histiocytomas); and the applications of animal models in studies of neoplasia. A
summary of animal models is included as an annex.

NEOPLASIA OF THE BOVINE URINARY BLADDER

The urinary bladder of cattle is infrequently in-
volved in neoplasia except in certain areas of the
world where enzootic bovine haematuria occurs.
This is a chronic clinical entity of cattle two or more
years old (32). Such bladder lesions have been
reported as inflammatory and neoplastic with early
mucosal damage and haemorrhage, followed by the
development of haemangiomas, papillary and adeno-
matous proliferation, and carcinomas (some of
which metastasize to regional lymph nodes and other
organs).
Consumption of bracken (Pteridium aquilinum) is

always associated with the disease and its causal role
has been supported in feeding trials in Germany and
Turkey (32). Thiaminase activity in monogastric
animals and the toxic action of large quantities of
bracken causing myeloid suppression in cattle and
sheep do not appear to be related to the carcinogenic
action of bracken when this is fed in a lesser quantity
for a long time (33). An extract of bracken fed to
pregnant and lactating mice has apparently produced
pulmonary adenocarcinoma in the offspring when
they are 12-18 months old (34). Milk from a cow to
which bracken had been fed produced myeloid sup-
pression when fed to a calf (34). Extracts of bracken
also have a mutagenic action in Drosophila (33).
Bracken fed to rats causes adenocarcinomas of the
ileum-which indicates a direct carcinogenic effect.
Carcinomas of the pharynx and oesophagus as well
as bladder tumours occur in cattle in certain areas of
Brazil where bracken is common (35). Tumours of

* This Memorandum was drafted by the signatories listed
on page 212. 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.

the oesophagus and rumen associated with the
consumption of bracken have also been found in
cattle in Scotland. Bracken growing on some soils
is not carcinogenic in cattle.
Some spontaneous bovine urinary bladder tu-

mours associated with bovine enzootic haematuria in
Panama, Turkey, and the USA have been shown to
contain bovine papillomavirus (36). The bovine
papillomavirus can induce urinary bladder tumours
experimentally in calves. These tumours are invasive
fibromas with polypoid hyperplasia and squamous
and glandular metaplasia. The polyps regress and
vestiges of the fibroma remain.

Various lines of investigation that might prove
rewarding are possible. Attempts can be made to
immunize cattle against papillomavirus in areas of
bovine enzootic haematuria. Cytoscopy for inocula-
tion and sequential study of bovine urinary bladder
tumours induced with bovine papillomavirus or
bracken can be performed in a practical way and
correlated with immunological studies. The carcino-
gen of bracken can be studied for its apparent
concentration in urine and its possible role as a co-
carcinogen with bovine papillomavirus.

TUMOURS OF UNKNOWN CAUSE

Melanomas
There are a number of transplantable and sponta-

neous melanotic tumours in laboratory animals.
However, in many instances they are merely pig-
ment-containing sarcomas with a greater resem-
blance to the malignant blue naevus of man, which is
extremely rare and behaves quite differently from the
cutaneous melanoma.

Melanotic tumours are common in grey horses,
but they behave differently from human melanomas
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and resemble cytologically and in tissue culture
melanophores rather than malignant melanoma cells.
However, true melanomas occur in pigs and dogs
and are considered in detail below.

Melanomas in pigs

Melanomas have been described in one particular
variety of pig (37). One type, occurring in the Sinclair
breed of Hormel miniature swine, shows a histologi-
cal pattern similar to that in the melanomas of
man (37, 38). The tumour arises in a pre-existing
pigmented patch having most of the features of a
junctional naevus. In some affected animals there is a
high rate of malignant transformation in these junc-
tional naevi. But what is even more interesting and
important is that the tumours have a high rate of
local spontaneous regression. Nevertheless, there
have been reports (although these are limited in
number and in scope) indicating that such tumours
can become widespread and follow a metastatic
pattern-again similar to that seen in man. In recent
studies on melanoma in miniature swine, some of
these animals developed a widespread vitiligo during
the regression of primary melanoma, so that they
became almost completely white. This relationship
between vitiligo and the regression of melanoma has
been seen from time to time in human beings. The pig
melanoma therefore presents an interesting model
for the interaction between these tumours and the
immune system.

In summary, the main advantages of this pig
model are: (a) a high incidence in a particular strain
and therefore availability, (b) frequent tumour pro-
gression with metastases, and (c) occasional sponta-
neous regression with depigmentation.

Melanomas in dogs
There is a relatively high rate of malignant mela-

nomas in older dogs. Out of 1150 canine tumours
reported, 101 (8.8%) were melanotic (39). Of these,
3% involved the eye and orbit, 15% the buccal
cavity, and 82% the skin. This fairly high proportion
of oral tumours is probably a function of the
pigmentation present in the buccal cavity of many
breeds of dog.
Melanomas of the dog appear more commonly in

dark-skinned breeds, with the Scottish terrier show-
ing a high incidence. Malignant melanomas of the
cutis tend to be rather deep-seated, infiltrating though
fairly well defined. The tumour is malignant in about
50% of cases. Oral melanomas occur much more

frequently in dogs than in man and, like those in
man, are all highly malignant and have a poor
prognosis. Tumours have frequently metastasized to
the lymph nodes by the time the initial examination
is made.
There is considerable variation, grossly and micro-

scopically, between melanomas of differing degrees
of malignancy, ranging from the highly anaplastic,
rapidly dividing tumours found in the oral cavity to
the benign cellular and filamentous forms found in
the cutis. The ultrastructure of the malignant mela-
noma in dogs is similar to that in man and the
doubling time of some tumours in the two species is
comparable.

Malignant melanoma of the dog frequently shows
metastasis by the lymphatic or haematogenous route.
Disseminated metastases are common and frequently
lead to involvement of the lungs and many other
organs. Metastasis to the skin-frequently seen in
man-is uncommon in the dog. Virus-like particles
have been found in lung metastases (40).

After surgical excision of oral melanomas, the
prognosis is poor. Preliminary studies on the radio-
therapy of malignant melanoma in the dog would
suggest that melanomas are more radiosensitive in
this species than in man.

Cell lines of canine melanoma have been estab-
lished and, even after repeated passage in vitro,
progressive malignant tumours can be produced by
injecting these cells into fetal puppies or into young
dogs immunosuppressed with antilymphocyte serum.
Such tumours (which are amelanotic) can provide a
large number of tumour cells, for both in vitro and in
vivo studies.

Oral melanomas and some of the skin tumours are
highly malignant and are valuable models for mela-
noma in man. Enough cases occur for useful studies
to be made.

Studies on the prevention of widespread metastasis
in animals with spontaneous melanotic tumours can
be made in a similar way to those suggested below
for osteosarcoma.

Osteosarcomas in dogs
Most of the cases in dogs occur in middle-aged and

older animals. The great majority of osteosarcomas
arise in the metaphysis of long bones in both dog and
man. Osteosarcoma is primarily a disease of large
dogs, especially of the giant breeds-e.g., the Great
Dane (41, 42).
The gross pathology of osteosarcoma in dogs and

in man is such as to make differences hard to find.
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Osteosarcomas metastasize early to the lung, and
post-mortem examination in the dog shows lung
metastases in more than 60% of cases. There seems
little doubt that if the disease were allowed to run its
natural course this figure would approach 100%.
However, a large number of cases, when first seen,
show no radiographic evidence of metastasis. In the
dog, metastases develop rapidly over a period of
weeks, whereas in man the time is usually longer,
extending to several months or years. Metastases
may occur in other organs and also bone, but in
many dogs they are found only in the lungs.
The prognosis following amputation is poor: 80%

of the dogs in which amputation was performed were
killed because of recurrence or metastases in the
7 months following operation (43). Although the
number of reported cases is not large, it seems that
the tumour is at least as malignant in the dog as it is
in man. Radiotherapy relieves pain for a few months
but does not cure.
Canine osteosarcoma transplantation has been

successfully carried out by inoculating whole living
canine osteosarcoma cells into fetuses in utero or
newborn puppies immunosuppressed with antilym-
phocyte serum. Following intra-arterial injection of
sarcoma cells into puppies, sarcomas of the bones
occur in the injected leg (44).
Immunofluorescence studies with sera from tu-

mour-bearing dogs have been carried out with cul-
tured canine tumour cells (45). The indirect immuno-
fluorescence test was used on fresh cultures propa-
gated on coverslips. A high proportion of positive
reactions was seen in cells derived from both bone
and soft tissue sarcomas.
The fluorescence was seen to localize in a peri-

nuclear position, with some cells showing cyto-
plasmic fluorescence. A positive reaction in the cells
ofdogs with one fibrosarcoma and two osteosarcomas
was seen as a diffuse cytoplasmic fluorescence that
was frequently intense at the cell periphery.

Other workers have established a cell line of canine
osteosarcoma. In immunofluorescence tests these
cells do not show fluorescence with sera from osteo-
sarcoma-bearing or normal dogs. Perinuclear fluor-
escence has, however, been seen on a number of
occasions in spontaneous canine osteosarcomas,
using serum from both normal dogs and dogs with
osteosarcoma. -

The tumour is not common but enough cases can
be obtained to be of value. Studies can be made on
(a) the possible prevention of lung metastases by
intravenous injection of X-irradiated or chemically

treated cells from the primary tumour, either alone
or together with BCG or other nonspecific immune
stimulators and (b) the effect of intravenous adminis-
tration of phytohaemagglutinin.

Mammary tumours in dogs

Mammary tumours are numerically the most
important tumours in dogs after skin tumours. More
than half are benign. Of the malignant tumours, the
carcinomas and sarcomas are the most important. In
a study of 324 metastasized tumours, 130 were
classified as adenocarcinomas, 76 as solid carcino-
mas, and 45 as sarcomas (46).

Carcinomas can be either complex (consisting of
2 types of cell: epithelial and myoepithelial) or
simple (one type of cell). Complex carcinomas,
simple carcinomas, and sarcomas differ in their type
of growth, pattern of metastasis, and prognosis.

Metastasis by lymphatic as well as haematogenous
spread is common. Especially the simple type of
carcinoma often shows penetration of lymphatics.
Tumours in the anterior glands spread to the
axillary lymph nodes and those in the posterior
glands to the superficial and deep inguinal lymph
nodes. Haematogenous spread involves mainly the
lungs.
The prognosis of malignant canine mammary

tumours has been studied by Misdorp & Hart in
Amsterdam (unpublished observations, 1973). Statis-
tically significant correlations were found betweeen
the clinical stage, type of growth, histological grad-
ing, and prognosis. In dogs treated by block dissec-
tion, the regional lymph nodes proved to be involved
in half of the cases. Most of the animals were
destroyed within a few months of diagnosis because
of recurrence of the tumour, metastasis, or both.
Ovariectomy before two and a half years of age

markedly reduces the occurrence of mammary can-
cer, but after diagnosis it does not affect survival.
Very little is known about immune reactions to

this tumour. Misdorp & Hart found that lympho-
cytic infiltrations around carcinomas of simple type
indicated a favourable prognosis.

Malignant mammary tumours occur in sufficient
numbers for useful results to be obtained statisti-
cally. A baseline of the relatively poor prognosis
following surgical procedures will soon be estab-
lished, so that trials with new methods of therapy,
including immunotherapy, can be started forthwith.
Of equal importance is the evaluation of hormonal
factors in the disease and its etiology.
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Mammary tumours in cats

Mammary tumours occur about 21/2 times less
frequently in the cat than in the dog, but about 90%
of them are malignant. Among cat tumours, they
rank third in frequency, being exceeded only by
lymphosarcomas and cutaneous neoplasms. Weijer
et al. studied the morphology and histology of
mammary tumours in 179 cats (47). The average age
at first detection was 10.8 years and the average
survival time after detection was 12.3 months.
Among the 129 cats on which necropsy was per-
formed, 82.8% showed metastases in the draining
lymph nodes, 83.6% in the lungs, 42.2% in the
pleurae, and 23.6% in the liver. Subdivision accord-
ing to histological pattern showed 53 tubular adeno-
carcinomas, 52 papillary adenocarcinomas, 35 solid
carcinomas, 2 mucoid carcinomas, 34 compound
carcinomas, and 3 sarcomas. Histological grading
revealed that 50% of the low-grade malignancy
group survived longer than 1 year, in contrast
to 10% of the high-grade group.

In most veterinary schools, considerably fewer
mammary tumours are seen in the cat than in the
dog, but there is no doubt of this tumour's real value
as a model for breast cancer in women. Studies
similar to those suggested for canine mammary
tumours could be made.

Lymphosarcomas in dogs
This is one of the most common tumours in dogs.

The basic pathology resembles that in the cat and ox.
The two main clinical types encountered are those
with lymphosarcoma of the small intestine and
mesenteric lymph nodes and those in which there is
bilateral peripheral lymph node enlargement with
infiltration of the liver and spleen. A rare type also
occurs in which there is true lymphatic leukaemia
with an enlarged liver and spleen but little lymph
node enlargement.
The prognosis is poor-most cases survive less

than 3 months after the initial diagnosis.
It has not been possible, so far, to reproduce the

disease by the transmission of cell-free material, but
transplantations of lymphosarcoma cells and leu-
kaemia cells into canine fetuses have been success-
ful (48).

Studies on humoral and cell-mediated immunity in
the host have shown no impairment, and in this
respect the condition is similar to lymphosarcoma in
man rather than to Hodgkin's disease.
There is good regression of the tumour, with

minimal toxic reactions, following the administration

of a combination of vinblastine, cytarabine, cyclo-
phosphamide, and prednisone. With the tumour in
regression, immunotherapy studies can be made and,
as the tumour is common, meaningful results could
be obtained in a fairly short time.

Mastocytomas in dogs

Mastocytomas arise from mast cells in the dermis
and subcutis; they can occur in other sites but this is
uncommon. These tumours are probably the most
common mesenchymal skin tumours in dogs, most of
them occurring in animals 6-8 years old (49). There
is a very high incidence in the Boxer breed.
The tumour cells show metachromatic staining

with toluidine blue; the staining granules contain
heparin and histamine, and sometimes serotonin.
Eosinophils are characteristic components of masto-
cytoma, and neutrophils, lymphocytes, and plasma
cells are frequently seen. Tumours frequently ulcer-
ate and metastasize not only to regional lymph nodes
but also more widely, to the liver, spleen, and bone
marrow and, less frequently, the lungs.
Humoral immunity of the host has been reported

to be impaired (49).
This common tumour in the dog is malignant and

the prognosis following surgical excision alone is
now known. The mean survival times of animals
from which tumours of grade 1, 2, or 3 were removed
surgically were 18, 28, and 51 weeks, respective-
ly (50). This should provide a baseline against which
the effects of other forms of therapy can be mea-
sured.

Surgical excision followed by X-irradiation of the
tumour bed may prolong survival. The administra-
tion of cortisone produces a dramatic initial reduc-
tion in tumour size but regrowth rapidly occurs.
Although tumours of the mast cells in man are

rare, the tumour in the dog is worthy of further study.
It is likely that only few malignant cells remain after
surgical excision and various regimens of immuno-
therapy can therefore be tried with some hope of
success.

Transmissible venereal tumours in dogs
The transmissible venereal tumour of the dog is an

undifferentiated round-cell neoplasm, usually affect-
ing the external genital organs. It is transmitted by
coitus and is experimentally transplantable. It has a
worldwide distribution.

Invasive growth and metastasis to the subcutane-
ous and cutaneous tissues, as well as to the muscles,
lymph nodes, and internal organs, sometimes occur.
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The internal organs the most often affected by
metastasis are the liver and spleen. Spontaneous
regression occurs not infrequently.
The tumour cells are spherical, polyhedral, or

slightly oval and are uniform in size and appearance.
Lymphocytes, plasma cells, macrophages, and poly-
morphonuclear cells are occasionally scattered
throughout the tumour.
The tumour is generally considered to arise from

transplanted cells. It is comparable in some respects
to the contagious reticulum cell sarcoma of the
Syrian hamster, which can be transmitted by feeding
tumour material or by cage contact.

Indirect immunofluorescence tests demonstrated
circulating antibody against membrane-associated
transplantation antigens and also coating in vivo of
tumour cells with antibody. Furthermore, it was
shown that the anti-venereal-tumour activity of
serum derived from a clinical case of the tumour was
contained in the 19S, intermediate S, and 7S frac-
tions, and consisted mostly of IgG. Cross-reaction
was demonstrated between anti-venereal-tumour
serum from clinical cases from Ireland and Malaysia.

Little research has yet been done on cell-mediated
immunity in the transmissible venereal tumour, al-
though cells from this tumour have been studied in a
phenomenon of opsonic adherence (51).

Histiocytomas in dogs
Histiocytoma is a common condition in the dog,

most cases occurring between the ages of 6 months
and 2 years. Solitary tumours 0.5-1.0 cm in diameter
are often seen on the face and neck. Histiocytoma is
believed by most pathologists to be a neoplasm,
judging by its histological features, but in nearly all
cases regression occurs (52). Electron microscopy
studies have shown no viral particles. The interest in
this tumour lies in its mechanism of regression.

Other tumours

Some of the most important tumours in man,
notably bronchogenic, gastric, and colonic carcino-
mas, are rare in the dog. Malignant tumours of the
oropharynx, including squamous cell carcinomas
and sarcomas as well as the melanomas, are, how-
ever, more common in the dog and could be of value
in therapeutic studies. Squamous cell carcinomas of
the skin and basal cell carcinomas are also not
infrequent. Tumours of the bladder are rare, but it
should be remembered that the dog resembles man
in that bladder carcinomas appear after exposure to
naphthylamines and other carcinogens. Neoplasms

may occur in other organs, e.g., the brain, kidney,
liver, spleen, pancreas, and thyroid gland, but they
are not as common as the tumours considered in
greater detail.
Carcinoma of the oesophagus occurs in the cat but

is rare. A high incidence of intestinal adenocarci-
noma has been described in sheep in Yorkshire,
England, and in New Zealand.
Plasma cell myelomas occur rarely in most domes-

tic species. However, these tumours could be of value
for the development of immunological reagents. A
model for myeloid leukaemia in man is needed; cases
in the dog and cat are very rare, but the transplanta-
tion of a radiation-induced canine myelomonocytic
leukaemia has been described (53).
Squamous cell carcinomas occur on the eartips

and eyelids of white cats and merino sheep. These
tumours are preceded by precancerous hyperkera-
tosis. Squamous cell carcinoma of the nictitating
membrane and eyelids of cattle (" cancer eye ") is
common where breeds lacking pigment in the
exposed epithelial surfaces are kept in sunny cli-
mates. The possible causal role of ultraviolet light
and viruses has been considered.

It has been asserted recently that carcinoma of the
eye in cattle responds well to immunotherapy with a
vaccine consisting of tumour nucleoprotein (54).
There are also reports that carcinoma of the horn
core in cattle in India may regress after immuno-
therapy.

APPLICATIONS OF ANIMAL MODELS

The use of inbred laboratory animals, particularly
rodents, has increased the understanding of immune
mechanisms related to tumours. It is now known that
in tumours certain antigens occur that are not
expressed in normal cells from which the tumours
arose, and that a complex relationship exists between
the various mechanisms of the immune response
directed against tumours.
There is a growing awareness among investigators

that important differences exist between experimen-
tal tumours in mice and rats and spontaneous
tumours in man. It is also clear that some aspects of
the natural history of spontaneous malignancy are
difficult if not impossible to mimic in inbred strains
of animals by means of transplantable tumours,
especially those changes that arise early in the
neoplastic process. One of the more difficult prob-
lems in studying tumours in man and in relating their
course to the observable differences in the immune
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system that exist at different stages in the progression
of the disease is the impossibility of following the
uninterrupted and unmodified course of events. Thus
it is necessary on ethical grounds to treat tumours by
procedures such as surgery, radiotherapy, and
chemotherapy, and these are known to alter the
immune response. If immunotherapy is ever to be
applied more effectively in man, it will be necessary
to work out the procedure in animals, with emphasis
on unmodified, naturally occurring tumours in which
the course of the disease is short. However, ethical
limitations preclude some experimental therapeutic
procedures in household pets, where the best avail-
able therapy must be used. Malignancy is recognized
to be a highly complex problem and answers to all
problems cannot be obtained by the use of a single
animal model. Instead, various models that will best
serve each purpose, particularly in studies of immu-
nity, must be carefully selected. In selecting animal
models, consideration may be given to the aspects
mentioned below.

Benign-to-malignant change

In the human being, the appearance of an invasive
malignant tumour is sometimes preceded by the
development of cells that are abnormal and neo-
plastic but do not invade or metastasize. Typical
examples are in situ carcinoma of the cervix,
adenoma of the colon, dermal papilloma, the junc-
tional naevi that may precede malignant melanomas,
and possibly certain hyperplastic changes in the
breast that may be premalignant conditions. Analo-
gous examples in animals include rabbit papilloma
and melanoma in miniature swine. In the latter,
malignant tumours develop from pre-existing junc-
tional naevi, as commonly seen in man. The swine
melanoma presents a promising model for under-
standing the conditions that determine the change
from premalignancy to true cancer, especially with
regard to the immune reactions that occur at this
very early and critical stage in the malignant process.
It also offers an opportunity to apply experimental
methods for inducing true malignancy in benign
lesions and for immunologic interruption. Benign
melanomas also occur in dogs, but their exact
relationship to the malignant process is unclear and
needs further investigation.

It is believed that immune responses must play an
important role in preventing the clinical manifesta-
tion of cancer in persons with premalignant changes.
Most animal studies are done in hosts with already
established tumours. Models for studies of the

change from a premalignant to a malignant condi-
tion are few in number, and high priority should be
given to developing more of them so that the role of
immunity can be studied more thoroughly.

Local spread ofprimary tumours

The reason why a tumour remains localized, is
locally invasive, or is highly metastatic is of the
greatest importance in understanding cancer. In
man, some groups of tumours exhibit predominantly
local invasiveness, as exemplified by the basal cell
carcinoma or rodent ulcer, and there are the recur-
rent lesions of fibroplastic type, such as dermato-
fibroma, fibromatosis, and tumours designated as
low-grade fibrosarcomas. The bovine papilloma may
be especially useful in studies of local invasiveness,
since it produces marked fibroblastic as well as
epithelial hyperplasia and is a benign tumour grow-
ing locally.

Metastatic spread
An important limitation to the experimental study

of metastasis in laboratory animals is the artificial
nature of the procedure-i.e., the intravenous injec-
tion of tumour cells. How a tumour cell finds its way
into the blood stream, and whether it does so via the
lymphatic system or the thoracic duct, or by capillary
invasion from the primary site, is still largely un-
explored. More important, the factors that determine
whether tumour cells can attach themselves to the
endothelium of the capillaries and establish metas-
tases are not known. The role played by humoral
and cellular immunity in limiting metastatic spread
needs investigation in natural animal models. For
example, the study of circulating tumour cells in the
presence or absence of circulating antibody, anti-
body-antigen complexes, and circulating commit-
ted T cells can be studied better in animals than in
man, since procedures such as exchange transfusion,
thoracic duct drainage, and perfusion can be carried
out.

Spontaneous regression
Spontaneous regression of a malignant tumour is

dramatic, though rare. It may highlight important
principles in host-tumour relationships and provide
clues for understanding and treating cancer in man.
Spontaneous regression of cancer in man is now well
documented, and seems most likely to be the result of
immunological processes. It is of some interest, in
this connexion, that the tumours having the highest
rate of spontaneous regression are also those in
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which clear immune mechanisms have been iden-
tified. Spontaneous regression has been observed in
artificial systems in laboratory animals, and should
be studied in naturally occurring tumour systems.
Spontaneous regression has been observed in pig
melanomas and papillomas of cattle, horses, rabbits,
and dogs. These tumours might therefore provide
useful models for such studies. In papilloma, the
regression involves the primary neoplasm, but in
swine melanoma there is regression of established
metastases as well.

Immunological alterations
The proved role of herpesviruses in animal tu-

mours and their presumptive role in cancer in man
calls for efforts towards their prevention and control
by viral vaccines. The use of live virus vaccine in man
seems unlikely at present. Experience obtained with
killed vaccines of papillomaviruses and oncorna-
viruses and their antigens is therefore especially
valuable. Tumours in which there is a previously
existing benign counterpart-e.g., melanoma in the
pig and dog-might be good models for attempting
immunoprophylaxis before malignant tumours
appear.
The investigation of possible means of controlling

metastatic spread by various forms of immuno-
therapy is of great importance, and suitable animal
models for the study of procedures such as auto-
genous vaccination; T cell stimulation by BCG,
dinitrochlorobenzine, or vaccinia virus; and ex-
change transfusion of blood elements need to be
developed. It is important, in the development and
application of animal models, to define the stage of
the neoplasia clearly and to assess the functional
state of the immune system. Models in which a high
proportion of animals die of metastases provide
opportunities for studies on the control of metastasis.
Metastatic osteosarcoma presents a marked similar-
ity to the situation in man. It is now urgent to use
animal models to study the control of metastatic
spread ofmammary tumours. The mammary tumour
of the dog and cat may be useful for this purpose.
During the past 20 years, no great progress has been
made towards extending the survival time in cases of
mammary cancer in human beings. Insufficient atten-
tion has been given to studies of immunity to this
tumour.
Immunodiagnosis has aroused considerable in-

terest since the demonstration of tumour-specific
surface antigens, myeloma proteins, and various
embryonic antigens associated with human neo-

plasms. The development of appropriate and reliable
immunodiagnostic tests would lead to their applica-
tion in early diagnosis, in following the progress of
therapy, and even in specific immunotherapy aimed
at the use of homologous antigens, antibodies, or
sensitized lymphocytes.

Other considerations
In selecting animal models, it is important in the

first place to examine closely their histology and
biological behaviour. Tumours differ markedly in
their initial development and in the establishment of
blood and lymphatic supplies.

There is increasing evidence from epidemiological
and other studies that certain malignant neoplasias
in man may be caused by viruses. It is important to
distinguish this group of tumours, since not only may
virus be involved in initiating the neoplastic process
but it may also reduce the normal immune response
of the host. Marek's disease and the oncornavirus
tumours may be good models for studies of immuno-
suppression. Virus-induced tumours may also res-
pond to immunoprophylaxis and therapy with virus-
specific substances.
Tumours of the lymphoreticular-haemopoetic

system require special consideration, since they may
not be representative of the neoplastic process in
general. Models in which there are neoplastic
changes in the immune system itself differ signifi-
cantly from other tumours.

Conclusions
In selecting domestic-animal models for studies of

neoplasia, it is necessary to have considerable data
concerning the natural history and histological fea-
tures of the tumour to be used, and a generally
accepted histological classification. Information is
also needed on the incidence of the tumour within
the population of the animal species concerned.
Since there are differences in the immune system of
various animal species and man, it is important for
the immune systems in the models to be understood.
The immune system of avian species makes it pos-
sible to distinguish between B and T cell activities,
since the bursa of Fabricius and the thymus gland
can each be selectively removed or destroyed. There
is also a need for a detailed definition of the
immunoglobulins of various domestic animals, par-
ticularly the cat, dog, and pig, and for antiglobulin
sera for each species for indirect immunoglobulin
staining (fluorescence, ferritin staining, radio-
immunoassay, etc.).
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Experimentally induced tumours in laboratory
animals are valuable models, especially in view of
their ready availability and uniformity. The theme of
this memorandum is therefore not that they should
be replaced, but rather that they should be supple-
mented with models in domestic animals that are
more directly analogous to cancer in man. Further
progress in understanding human neoplasia should
follow collaboration between medical, veterinary,
and experimental oncologists.
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Annex

SUMMARY OF ANIMAL MODELS

Biological behaviour Known or
Type of tumour Natural host Age group Anatomical site MuI presumptive

Solitary centric Metastatic pattern cause

Marek's disease chicken, all neural tissues, +
turkey viscera, skin, muscle herpesvirus

lymphoma, certain all lymphoreticular + herpesvirus (in
leukaemia monkeys system unusual host)

leukosis-sarcoma chicken all lymphoreticular + + viscera oncornavirus
system, connective
tissue

lymphosarcoma cat all lymphoreticular + oncornavirus
system

fibrosarcoma cat middle subcutis + rarely lymph nodes oncornavirus
and widespread

lymphosarcoma ox young to lymphoreticular + oncornavirus
middle system

papillomatosis ox young skin + papillomavirus

papillomatosis horse young skin + papillomavirus

papillomatosis dog young oral mucosa + papillomavirus

papilloma, cottontail all skin + papillomavirus
carcinoma rabbit

papilloma, ox middle urinary bladder + rare, to lymph nodes bracken
carcinoma ? bovine

papilloma-
virus

melanoma pig young skin + lymph nodes and
widespread inc.
lungs; brain viscera

melanoma dog old skin, oropharynx, eye + ± lymph nodes and
widespread

osteosarcoma dog middle long bones + lungs
(metaphyses)

mammary dog middle mammary glands + + lymph nodes and
carcinoma to old widespread

mammary cat old mammary glands + + lymph nodes and
carcinoma widespread

lymphosarcoma dog all lymphoreticular +
system

mastocytoma dog, cat all skin + + lymph nodes and
widespread

transmissible dog all genital organs + rare, to lymph nodes transplantation
venereal tumour of cells

histiocytoma dog young skin +


