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Canine Neoplasia
A Prototype for Human Cancer Study *

J. E. PRIER 1 & R. S. BRODEY 2

The authors review current knowledge of spontaneous neoplasms in the dog. The
prevalence of certain types of canine tumour has been studied, and comparisons have been
made with the occurrence of similar neoplasms in man. Where there are appropriate
analogies between the two species, the dog with spontaneous tumours can be used for
studies that are not practicable in man.

Nutritional and morphological studies have been done on cells cultured from canine
tumours. Some consistency has been demonstrated in the morphology ofcultures ofdifferent
tumours of the same type. Nutritional studies with the transmissible venereal sarcoma
of the dog have shown the cells to be subject to a growth-repressing effect by SH-containing
amino-acids.

Attempts to transmit tumours to other dogs or other species have generally been
unsuccessful. A transplantable tumour developed in a mouse injected with non-cellular
materialfrom a canine thyroid carcinoma, but it is not certain that the tumour was induced.
Cell-culture studies have shown that some tumours yield a factor that is cytopathogenic
for normal cells, but none has been shown capable of inducing neoplasms in vivo.

Many basic biological features of tumours can be
learned from experiments with transplantable
tumours in autologous systems, virus-induced neo-
plasms of lower animals, and other popular study
systems. Frequently the transposition of such data
to spontaneous neoplasia in man, however, is met
with theoretical and factual objections.

In a recent editorial, Day (1961) put forth a plea
for a systematic study of spontaneous or" autoch-
thonous" tumours. He states: " We must seek in
animals as wide a spectrum of cancer as possible in
order to provide as many animal-cancer tools as are
necessary to correlate with human-cancer targets."

Although much can be learned from the study of
the biological behaviour of human tumours, the
obvious shortcomings of man as an experimental
animal prevent the species from being a complete
study unit. Rodents and other species of convenient
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laboratory size, which develop some spontaneous
tumours, can be bred for increased incidence, and
have few limitations so far as experimental design
and variety of studies are concerned. They are,
however, reared in an artificial environment, bred
selectively, and are somewhat limited as to types of
tumours that occur spontaneously.

In many respects neoplasms in the dog provide
the closest analogy to human tumours. They occur
frequently and in sufficient variety to compare with
the spectrum of biological differences associated with
spontaneous human neoplasms. The dog also shares
a common environment and similar diet with man.
Although there is no indication that tumours are
transmissible between the two species, the possibility
of such an interspecies relationship is suggested by
the study proposed by Cohen, Booth & Sussman
(1959).
As an experimental animal, the dog is small

enough to be used conveniently by many labora-
tories. Numbers of individuals such as those in
large mouse and rat colonies are not practical, but
systems of husbandry have been developed that
allow the maintenance of a relatively large number
of animals. The cost of dog colonies is greater than
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that of the smaller laboratory animals, but not nearly
as great as the cost of primate colonies. Practitioners
of veterinary medicine in nearly all parts of the
world routinely care for dogs with neoplastic disease
and many of these animals can be made available for
study. In other cases, tissues can be obtained at the
time of necropsy or surgery.

Canine clinical medicine and pathology have been
investigated in detail and many reference data for
normal values are available for many types of study
(Benjamin, 1961; Schalm, 1961). In the case of
neoplasms, a large amount of information con-
cerning tumour pathology has been accumulated
(Mulligan, 1949; Smith & Jones, 1961; Moulton,
1961; Feldman, 1932).
The purpose of this paper is to review some of the

salient features of canine tumours in support of
the proposal that research in canine neoplasia be
increased. Rather than presenting details of various
studies, we have attempted to indicate general areas
in which work has been done or is in progress.
It is hoped that this survey of the subject will
demonstrate a variety of opportunities for additional
research in canine neoplasia.

CLINICAL ASPECTS OF CANINE NEOPLASMS

Incidence

Spontaneous neoplasia is more common in the
dog than in the other domesticated mammals and
constitutes one of the major problems in canine
geriatrics. Improved medical treatment-i.e., immu-
nizations, parasite control, improved nutrition,
antibiotics, etc.-has resulted in an increased life-
span. Neoplasms are more frequently diagnosed
and treated now than they were decades ago and
it is not unusual to observe an animal with multiple
primary tumours. Improved diagnostic techniques
also have aided greatly in the efficiency of tumour
detection.
Although neoplasms have been observed to arise

from virtually every anatomical site in the dog,
certain areas are more susceptible than others. The
six major areas of primary neoplasia and the most
important tumours in these locations are summarized
in Table 1. Other sites which are quite common are

the vagina, ovary, thyroid, spleen and liver. Primary
neoplasms of the gastro-intestinal tract are relatively
infrequent, as are those of pulmonary origin (Neilsen
& Horava, 1960).

SOME COMMON
TABLE 1

NEOPLASMS AND SITES OF ORIGIN
IN THE DOG

Site Neoplasm

Adnexal adenomas and carcinomas
Melanoma (benign and malignant)

Skin Mastocytoma and mast cell sarcoma
Lipoma, haemangioma, haemangio-
pericytoma

Papilloma and squamous cell carcinoma

Adenocarcinoma
Mammary gland Mixed tumour (benign or malignant)

Duct papilloma

Sertoli cell adenoma and carcinoma
Testes Seminoma

Interstitial cell tumour

Squamous cell carcinoma
Mouth and pharynx Malignant melanoma

Fibrosarcoma

Lymphosarcoma
Lymphoid tissues Reticulum cell sarcoma

Dogs are being used to study the long-term effects
of total body irradiation and one of the many
malignancies that have developed in these animals
was an unusual tumour of erythropoietic origin
(Anderson & Johnson, 1962). Spontaneous tumours
of this type are exceedingly rare in the canine.

Comparative features

Many points of similarity and dissimilarity are
associated with the biological behaviour of canine
and. human neoplasms (Davis, 1956; Jaffe, 1958;
Mulligan, 1949; Moulton, 1961). Some of these are
outlined in Table 2.

In the past few years mote definitive studies of the
biological behaviour of canine tumours in given
sites have revealed many interesting variations
which deserve more detailed investigation. For
example, a recent study of 200 cases of oral and
pharyngeal cancer in the dog (Brodey, 1960, 1961)
revealed a marked difference in behaviour patterns
of the three common neoplasms encountered
(Table 3). In a study of 16 primary lung carcinomas
in dogs it was suggested that the more common
bronchiolar adenocarcinomas are much less malig-
nant than those adenocarcinomas of bronchial
origin (Neilsen & Horava, 1960).
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TABLE 2

COMPARATIVE FEATURES OF SOME HUMAN AND CANINE NEOPLASMS

Site Features Human [ Canine

Squamous cell carcinoma Comprises 90 %-95 % of all tumours Comprises 25 %-40 % of all tumours
Melanoma Very rare Very common
Leukoplakia Common Never observed

Oral Sex incidence Commoner in males Commoner in males
cavity Age incidence Commoner in older patients Commoner in older patients

Sites in order of frequency (1) Lip (4) Gingiva (1) Gingiva (4) Buccal mucosa
(2) Tongue (5) Floor of mouth (2) Labial mucosa (5) Tongue
(3) Buccal mucosa (6) Palate (3) Palate

Over-all incidence Very frequent Very frequent
Age incidence Peak at 50-54 years Peak at 8-10 years
Lactation disturbances Common Common

Mammary Tumour types 80 % are carcinomas 30 %-40 % are carcinomas
gland Origin Mostly from ductal epithelium Mostly from ductal epithelium

Behaviour of carcinomas Often spread to regional nodes, lungs Often spread to regional nodes and
and bone lungs; rarely to bone

Mixed tumours Rare Very common

Tumour types Primarily squamous cell and basal cell Basal cell tumours common; squam-
carcinomas ous cell carcinomas much less fre-

quent
Precancerous lesions Present (senile keratosis) Absent

Skin Mast cell tumours Urticaria pigmentosa (non-neoplastic) Benign and malignant forms common
in children; malignant tumours rare

Sebaceous adenomas Common in older age Common in older age
Benign and malignant melanomas Relatively common Relatively common

1Tumour types A wide variety of benign and malignant Over 90 % are malignant, usually
tumours osteosarcoma

Osteosarcoma:
(a) site of origin Metaphyseal (usually) Metaphyseal (usually)
(b) common sites (1) Femur, (3) tibia, (3) humerus (1) Radius, (2) tibia, (3) humerus,

Bone (4) femur
(c) age incidence Peak at 10-25 years Peak at 8 years (middle- to old-age

group)
(d) metastases Early haematogenous spread to lungs Early haematogenous spread to lungs
(e) radiographic appearance Sunbursting, irregular osteolysis, Cod- Sunbursting, irregular osteolysis, Cod-

man's triangle, etc. man's triangle, etc.

Over-all incidence Uncommon Very common
Over-all degree of malignancy High Very low
Seminoma Often metastasizes Rarely metastasizes

Testis Sertoli cell tumour Very rare; benign Common, sometimes malignant, often
causes feminization

Interstitial cell tumour Rare, benign; often in children Very common; benign in old dogs
Teratomas Common Not observed

Over-all incidence Very common (increasing in frequency) Infrequent (may be increasing some-
what)

Site of origin Primarily from bronchi Primarily from bronchioles
Lung Histology Primarily squamous cell or oat cell Primarily adenocarcinoma

carcinoma
Metastases Common, often distant Occurs locally (frequency unknown)

Lymphomas:
(a) incidence Common Common
(b) types Follicular lymphoma, Hodgkin's dis- Primarily lymphosarcomas, occasion-

ease, lymphosarcoma and reticulum ally reticulum cell sarcoma, other
Leukaemias cell sarcoma types rare
and (c) clinical picture Generalized lymphadenopathy, hepato- Generalized lymphadenopathy, hepato-
lymphomas splenomegaly, infiltration of non- splenomegaly, infiltration of non-

lymphoid organs lymphoid organs
Lymphatic leukaemia Common Occasional
Myeloid leukaemia Common Rare

4
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TABLE 3

SUMMARY OF BIOLOGICAL BEHAVIOUR IN 200 CASES OF CANINE ORAL AND PHARYNGEAL CANCER

Average age Male: Percentage of Percentage ofTumour type No. of cases iSite of origin (yvears)ae femle ratio |regionanl no°de regioalts Prgoi
(yearsfemal ratio metastasis a metastasis

1. Gum
2. Cheek

Malignant 3. Lip 10.1 4.3 :1 70 67 Very poor
melanoma 4. Palate

5. Tonsil
6. Tongue

Squamous cell 43 Tonsil 10.5 3 :1 98 63 Very poor
carcinoma

Squamous cell 32 Gum 8.3 1 :1 5 3 Good to poor b
carcinoma

1. Gum
Fibrosarcoma 27 2. Lip 7.3 2 :1 Absent Absent Usually poor

3. Cheek
4. Palate

a Incidence of metastasis would be higher if dogs were not killed at the time of diagnosis.
b Depends on degree of bone Involvement.

The frequency, sites of origin, age incidence, and
metastatic potential of osteosarcoma have been
shown to differ widely from chondrosarcomas
(Brodey et al. 1963). Osteosarcomas occurred
approximately 10 times more frequently than chon-
drosarcomas in a recent study. Osteosarcoma cases
had an average age incidence of 7.3 years and chon-
drosarcoma of 5.7 years. Only 23% of osteosar-
comas arose from flat bones as compared with 100%
of chondrosarcomas. Metastases were present in
34 of 56 necropsies in dogs with osteosarcomas in
contrast to one of nine dogs with chondrosarcomas.

Clinical therapy

Surgical procedures. At the present time surgery
constitutes the main modality of treatment for
canine neoplasms. Veterinary practitioners com-
monly excise a wide variety of tumours, particularly
those located in the skin, mammary gland, testes,
spleen, and vagina. Many other less common neo-
plasms are also surgically removed, i.e., tumours
of the lung, kidney, ovary, gut, mouth, and bone.
Mutilating procedures such as hemipelvectomy,
hemimandibilectomy and exenteration usually are
not done. -Removal of an affected organ or part
(i.e., limb amputation, nephrectomy, pulmonary
lobectomy or pneumonectomy), however, is per-
formed routinely.

Evaluation of surgical procedures and of the post-
operative results has not been as detailed as it has

been in man but studies in this phase of cancer
therapy in the dog have been expanding rapidly in
the past few years.

Chemotherapy. Up to the present time systemic
chemotherapy has been confined largely to the treat-
ment of malignant lymphomas. Drugs such as
nitrogen mustard, triethylene melamine, certain
phosphoramide compounds and some of the adrenal
corticosteroids have been used.

Corticosteroid therapy has been studied to a
limited extent in cutaneous mast cell sarcomas
(Brodey, McGrath & Martin, 1953). Initial dramatic
reduction of the lesion is associated with degranula-
tion of many mast cells and reduction in surrounding
oedema. This effect, however, is only temporary and
the disease soon becomes refractory to therapy.

Chemotherapeutic management of solid tumours
in the dog has been attempted (McCoy et al., 1956;
McCoy, 1958). Regional chemotherapy by means of
isolated perfusion of an extremity has been done
recently with osteosarcoma (Owen & Stevenson,
1961); there was temporary regression of tumour
growth in an animal as shown radiographically and
histopathologically.

Before the results of any form of anti-cancer treat-
ment can be evaluated, we must accumulate sufficient
information on the natural histories of these tumours
in untreated cases. Failure to do this often results in
serious misinterpretation of treatment. Our experi-
ence with corticosteroid therapy in lymphomas, for
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example, has not convinced us that we have pro-
longed the life of the patient. In spite of clinical
remission, there has been no evidence that the pro-
gress of the disease was altered significantly.

Radiotherapy. Radiation therapy is not employed
nearly as frequently as it is in man, although an
increasing number of dogs with malignant tumours
are being treated by this method. The most common
areas treated are the skin, oral cavity, and mammary
gland. The best response has been obtained with
squamous cell carcinomas, transmissible venereal
tumours and certain adnexal carcinomas. Other
tumour types (malignant melanoma, fibrosarcoma,
etc.) have been treated usually with unfavourable
results. Although radiation is used occasionally to
treat regional node metastases it has been employed
only rarely to treat distant metastases. Radon seed
implants have been used in the treatment of some
oral tumours in dogs (Brodey, 1960).

Breed incidence
Clinical observations indicate that some neo-

plasms are more frequent in certain breeds. Osteo-
sarcoma is most frequent in large breeds, particu-
larly Great Danes and St Bernards; brain tumours
and cutaneous mast cell tumours in Boxers and
Boston Terriers; melanomas in highly pigmented
breeds (Cocker Spaniels, Scotch Terriers, etc.); and
adnexal skin tumours in Cocker Spaniels.

Genetic susceptibility to canine cancer has received
very little attention. Careful study of various canine
families (accurate clinico-pathological studies, pedi-
gree analysis, etc.) may reveal certain families with a
high cancer incidence. Such strains might then be
used to develop inbred lines for experimental
oncology.

EXPERIMENTAL TRANSMISSION AND INDUCTION
OF CANINE TUMOURS

The oral papilloma is one of two tumours of the
dog definitely proven to be caused by a virus (De
Monbreun & Goodpasture, 1932; Chambers &
Evans, 1959). The disease can be readily reproduced
by application of the virus to the scarified oral
mucosa. Usually the disease occurs in young animals
and the infectious nature of the condition is demon-
strated clinically by the occurrence of multiple cases
within the same kennel. The lesions are usually
multiple and are characterized by single greyish
areas connected to the mucosa by a common pedicle
(Fig. 1). In most instances the tumours disappear

FIG. I
ORAL PAPILLOMATOSIS IN A DOG a

a The disease is characterized by multiple greyish tumours
aftached to the mucosa.

spontaneously after several weeks, but we have
observed one case in which the lesions persisted for
over three years. Mature animals frequently are
resistant to infection and intramuscular injection of
the virus will produce immunity (Chambers, Evans &
Weiser, 1960). Malignant transformation of oral
papillomas has not been reported.
The only other example of viral induction of a

canine tumour is the brief but intriguing report of
Lombard & Moloney (1959), who were able to
transmit a mast cell sarcoma with a filtrate of a
tumour homogenate. The filtrate was capable of
producing the typical malignancy, and the infectivity
of the material persisted for at least one year at
-700C. Of further interest in this regard is the
establishment of a continuous line of mast cells from
a tumour discussed later (Williams, Larson &
Phillips, 1959).
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There have been relatively few successes reported
in the experimental transplantation of canine
tumours. Allam et al. (1954, 1956, 1957) established
the serial transplantation of a canine thyroid
carcinoma. No filterable agent was isolated from
this tumour, and transplantation required pre-
treatment of the recipient animals with steroids,
nitrogen mustard, or X-irradiation.

It is of further interest that the injection into mice
of a cell-free material derived from a canine thyroid
tumour by one of us (J. E. P.) resulted in tumour
production, although we have not been able to
prove unequivocally that the tumour resulted from
an inducing factor in the original thyroid carcinoma.
The details of the experiment are as follows: Tumour
tissue was removed surgically, minced, and placed in
a trypsinizing flask with 0.25 % trypsin. The separ-
ated cells were planted in 32-ounce prescription
bottles and a monolayer growth obtained. The
supernatant fluids were removed, placed in a dialysis
bag and concentrated against a 20% solution of
polyvinylpyrrolidine (PVP) in Hanks's balanced salt
solution to approximately 10% of the original
volume. This solution was stored in glass-sealed
ampoules at -70°C. A litter of neonatal Swiss mice
was injected intraperitoneally with 0.2 ml of the
concentrate. In approximately 12 weeks a tumour
appeared in one animal, which on histological
examination was typical of a mammary adeno-
carcinoma. Fragments of the tumour were trans-
ferred to other neonatal mice by subcutaneous
implantation. Tumours developed at the implanta-
tion site in three to four weeks and the procedure has
been used to maintain the neoplasm through six
serial passages. Control mice and mice injected with
over 20 other tissue-cultured tumour preparations
have not developed tumours. Attempts to identify
specific dog antigens in the tumours have been
negative, and the relationship of the tumour to
other murine neoplasms has not been established.

Neilsen & Cole (1961) attempted to transplant
67 tumours into dogs that had been irradiated pre-
viously with 465 r to 600 r of total body irradiation.
Only 3 tumours-an osteosarcoma, a mixed mam-
mary tumour, and an ovarian adenocarcinoma
were successfully transplanted. The periods of
growth in these subcutaneous implants were less
than 14 days.
On several occasions we have attempted to

transplant malignancies into aniimals that were not
pretreated. One experiment is of particular interest.
A dog with metastatic lesions in the lung from a

primary osteosarcoma and another animal with lung
metastases from a primary chondrosarcoma were
used. Tumour tissue taken from the lung of each
animal was trypsinized to obtain a cell suspension.
The dog with the chondrosarcoma was used as the
recipient. Cells from its own lesion were injected
subcutaneously into the left flank and cells from the
metastatic osteosarcoma were injected into the
opposite flank. Growths appeared at both sites
and these were removed for histological examination
on the thirteenth day. The lesion which developed
in the left flank had the characteristic histology of
an osteosarcoma and that from the opposing flank
was classified histologically as a chondrosarcoma.

Additional transmission studies have been done
by Spencer & Leader (1962), who injected tumour
cell culture fluids into newborn animals with negative
results.
A melanoma originating in a human was trans-

planted successfully to hamsters (Randolph &
Handler, 1962). The hamster-adapted tumour was
then transplanted to dogs and back again from dogs
to hamsters.
We have demonstrated the existence of comple-

ment-fixing antibodies between an antiserum to a
purified human melanoma extract and antigens
prepared from various types of dog tumours. These
results might suggest that the melanoma is a pri-
mitive neoplasm in the sense that it has not a high
degree of species specificity. On the other hand, the
serological results may merely indicate a common
antigenic component in these tumours, possibly
associated with melanin. Specificity of antigens in
canine tumours is being investigated further in
our laboratories.
Tumours have been produced in dogs with

chemical carcinogens (Passey, 1938; Coplan, 1960;
Heuper & Wolfe, 1937). An interesting finding has
been the ability of condensates of cigarette smoke to
induce bronchiogenic carcinomas in dogs (Rockey
et al., 1962a, 1962b). Primary lung tumours are
uncommon as spontaneous disease in the canine.
A study of this type is of additional significance since
both man and the dog are subjected to the same
environmental influences, such as smoke pollution,
exhaust fumes, etc. As described previously in this
paper, oral tumours occur frequently in the dog, but
etiological factors have not been identified. Epi-
demiological data on these tumours could suggest
a relationship to environmental factors such as
accumulations of particulate material in the tonsillar
crypts or persistent exposure of the oral mucosa to
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other chemical carcinogens. In the dog, as in man,
there are a great many environmental factors to be
considered in attempting to elucidate their relation-
ship to cancer etiology.

SOME SPECIFIC STUDIES WITH CANINE TUMOURS

The transmissible venereal sarcoma
In some respects this lesion represents a unique

biological phenomenon (Karlson & Mann, 1952).
It was the first neoplasm to be transplanted experi-
mentally (Nowinski, 1876) and marked the beginning
of research in tumour transplantation. In spite of
the early description of the experimental tumour,
little is known of its biology. The spontaneous neo-
plasm which usually occurs on the genitalia of both
sexes is transmitted by coitus (Fig. 2). The mecha-
nism of transmission apparently is by direct trans-
plantation of tumour cells on to the mucosa. It is
difficult to classify the tumour as either benign or
malignant. Usually it regresses but occasionally
metastasizes to regional nodes and rarely to distant
sites.

FIG. 2
SPONTANEOUS TRANSMISSIBLE VENEREAL SARCOMA

ON THE PENIS OF A DOG

The tumour can be transplanted by subcutaneous
injection of cells. Although fragments of tissue can
be implanted by the usual trocar technique, we have
obtained satisfactory results by using trypsinized
cell suspensions for routine transplantation. The
tumour can be transmitted by the subcutaneous
injection of a minimum of 30 million cells. Pre-
treatment of recipient animals is not necessary.
Nearly all dogs, except those under six months of
age, are susceptible providing they have not been
exposed previously. The resistance in young animals
can be overcome by irradiation with 300 r to 500 r
of total body exposure.
Both the spontaneous and experimental tumour

are peculiarly susceptible to X-irradiation. Doses of
500 r, repeated to a total of 2000 r at the tumour site,
will cause complete regression of the neoplasm and
such irradiated animals are resistant to further
transplantation. The immunological aspects of the
transmissible venereal sarcoma are discussed in
more detail in another part of this paper.

Stubbs & Furth (1934) were able to transmit this
tumour to irradiated mice by implanting tissue
fragments. This is the only report of transmission
of this tumour to a species other than the dog. In
spite of the universal receptivity of the canine to
the tumour, the neoplasm appears to be quite
specific for this species.

Recent studies on the chromosomes of the trans-
missible venereal sarcoma by Takayama and co-
workers (1958, 1961) have yielded some interesting
results. Although the normal chromosome count of
the dog is 78, the count in tumour cells consistently
varied between 57 and 61. This decreased chro-
mosome count is generally characteristic of both
naturally occurring and transplanted tumours. Such
a chromosome alteration is, of course, found in other
experimentally transplanted tumours.
Although this tumour appears to be a most likely

candidate for the isolation of a transmissible sub-
cellular agent, repeated attempts by many workers
to isolate such an agent have yielded negative
results. Attempts to " unmask " latent agents in
the cells have been unsuccessful to date in the
senior author's laboratory.
We noted that the usual media employed for the

growth of normal and neoplastic dog and human cell
cultures were not suitable for propagation of the cells
of the transmissible venereal sarcoma. Subsequent
studies showed that certain constituents of the media
were inhibiting growth of the primary cultures
(Prier, 1963). It was then found that the SH-
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containing amino-acids (cysteine and cystine) were
responsible for this inhibition, and that their addition
above a certain minimal level would retard primary
growth of the cell. Once the cell was established in
culture, however, further growth and maintenance
did not seem to be affected by the addition of these
amino-acids.

Pulmonary osteoarthropathy

Some of the problems pertaining to the etiology
and pathogenesis of pulmonary hypertrophic osteo-
arthropathy (PHO) in man could not be satisfactorily
studied without a suitable experimental animal.
PHO also occurs in the dog, where it is usually
secondary to metastatic or primary lung neoplasms.
The disease in both species is so similar that a dog
affected with PHO was felt to be an ideal subject
for study.

In a comparative study of canine and human
patients with PHO the following observations were
made (Brodey, Craig & Rhodes, 1962; Holling,
Brodey & Boland, 1961). There was a twofold or
greater increase in peripheral blood flow in the
affected extremities. Pathological studies indicated
that the site of the increased peripheral blood flow
was the highly vascularized subcutaneous connective
tissue which enveloped the bones, tendons, and
joints of the distal portions of the extremities. The
rise in peripheral blood flow appeared to precede the
development of the subperiosteal bone formation.

Studies of PHO following corrective chest surgery
revealed a characteristic pattern in which the peri-
pheral blood flow returned to normal and the soft
tissue swelling disappeared in a matter of days.
There was radiographic evidence of regression of the
periosteal new bone in a matter of months.

Section of the main vagus trunk or hilar nerve
fibres on the side of the lung lesion resulted in an
almost instantaneous dramatic reduction in peri-
pheral blood flow.

Intravenous injection of atropine did not alter the
peripheral blood flow in one dog. Since atropine
primarily blocks the motor side of the parasympathe-
tic nervous system, this finding suggested that PHO
is a result of a neurovascular reflex mediated through
afferent fibres of the vagus nerve in the vicinity of the
lung lesion (Holling, Brodey & Boland, 1961).

Sertoli cell tumours

The feminization syndrome associated with Sertoli
cell neoplasms of the testis has been recognized

clinically for over a decade (Brodey & Martin, 1958;
Coffin, Munson & Scully, 1952; Scully & Coffin,
1952). The affected testis is often retained in the
abdominal or inguinal area. The animal develops
bilaterally symmetrical alopecia (particularly at the
points of friction), gynecomastia, feminine distribu-
tion of fat, relaxation of the prepuce, atrophy of the
opposite normal testis and squamous metaplasia of
the prostatic epithelium. In some instances these
animals become sexually attractive to other male
dogs. Approximately 30%-40% of all Sertoli cell
tumours result in feminization of the host.
Removal of the neoplastic testis, which is usually

8 cm or more in size, results in rapid regression of
all clinical signs. In several instances, removal of
the affected testis resulted in disappearance of the
feminizing signs which recurred several months
later. Recurrence of this feminizing syndrome
apparently was the result of metastatic tumour
deposits in the iliac lymph-nodes. In one study
metastases were observed in five of 40 dogs with
Sertoli cell tumours (Brodey & Martin, 1958).
The tumour cells contain cytoplasmic lipoid

vacuoles which demonstrate many reactions charac-
teristic of other steroid-producing tissues. Oestro-
gens can be recovered in high concentrations from
the tumour tissue itself. In one case a gram of
tumour tissue contained more oestrogen than the
combined ovaries of a bitch in oestrus (Huggins &
Moulder, 1945). Pre-operative urine samples con-
tained large amounts of oestrogen. These levels
decreased following tumour removal (Brodey &
Martin, 1958). The amount of oestrogen in the
spermatic vein as compared to the concentration in
the peripheral blood is under study.
A Sertoli cell tumour has been successfully grown

on tissue culture and transplanted into mongrel dogs
through a number of passages (Rosanoff, 1959).

Ligation studies
Studies of the effect of ligation of canine tumours

indicated that prolonged ischaemia and the resultant
inflammatory reaction were far more damaging to
neoplastic tissue than to surrounding normal tissue
(Allen et al., 1960).

It was important to ligate a wide area of normal
tissue and to use soft latex tubing (to prevent
thrombosis and pressure necrosis) in order to destroy
extensions of the tumour into the surrounding tis-
sues. Generally ligation was far more effective in the
more malignant lesions than in many of the benign
tumours.
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FIG. 3
CULTURE OF CELLS FROM A
LUNG METASTASIS OF A
MAMMARY ADENOCARCI-
NOMA a

a Epithelial IslandsTare sur-
rounded by a loose network of
flbroblastic-like,cells.

FIG. 4
CELL CULTURE OF A MAM-
MARY ADENOCARCINOMA a

a The Islands of closely packed
epHthelial-like cells tend to form
pseudo-acini In some cultures,
with the appearance of a sur-
rounding connective tissue
stroma.

FIG. 5
CULTURE OF CELLS FROM A
LYMPH-NODE OF A DOG WITH
MALIGNANT LYMPHOMA a

a The formation of sheets of
spindle-shaped cells is charac-
teristic of cultures from this type
of tumour.
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In a typical favourable response the tumour under-
went rapid degeneration leading to liquefaction
necrosis and sloughing. In a few instances, rapid
breakdown of a large neoplasm resulted in marked
toxicity to the patient.
The effect on the peripheral normal tissues was

quite different. Immediately following the ligation
there was a diffuse inflammatory hyperaemia which
was thought to play a role in the breakdown of
tumour tissue. After the neoplastic tissue sloughed
away, there was a rapid filling of the ulcer by
reparative fibroplasia from the normal tissue.

IN VITRO CULTIVATION OF CANINE TUMOUR CELLS

There is no obvious advantage to the in vitro
cultivation of canine tumour cells unless such
cultures offer some peculiar biological character-
istics not available in other species' cells. Primary
cultivation of canine tumour cells has been done by
several workers (Spencer & Leader, 1962; Rosanoff,
1959; Williams, Larson & Phillips, 1959). In addi-
tion, we have cultivated a large number of primary
tumour cells and demonstrated that the usual cell
culture techniques and media, as applied to the study
of normal cells, are quite satisfactory. The only
exception is the transmissible venereal sarcoma
described previously.

Morphological study of cell cultures of canine
neoplasms has not yielded results of particular
significance in relation to the problems of tumori-
genesis. We have observed a high degree of cell
differentiation and organization in cultures that seem
to bear a certain degree of consistency with the
tumour of origin (Fig. 3, 4 and 5). It is conceivable,
however, that the use of canine tumour cells may
have a potential that is as yet unrealized. For this
reason studies both similar to and different from
those done in other species' cells are being explored.
The various applications of tissue culture techniques
to tumour biology have been revised (Brues, 1957),
and many of these have yet to be examined with cells
of canine origin.
Two reports have appeared concerning continuous

culture of canine tumour cells. Rosanoff (1959)
described the cultivation of a Sertoli cell tumour
through 55 serial passages. The chromosome
number and characteristics of the cell were not
reported, although selection of a specific epithelial
type seems evident from his description. The tenth
passage cells were injected intramuscularly into
puppies that were treated with corticosteroids, and

the lesion which developed at the injection site had
histological similarities to a Sertoli cell tumour.
We have not established continuous lines of dog

tumour cells although we were able to carry cells
derived from an osteosarcoma through nine pas-
sages. There was no change of morphological type
during these passages and the cells tended to
organize into a pattern of dense, closely packed cell
islands (Fig. 6).

Williams and co-workers (1959) reported the
cultivation of a cell derived from a canine mast cell
tumour for 50 passages over a two-year period.
Five attempts were made to develop a line cell, and
one was successful. Although several cell types
were present in the original cultures, only mast cells
were present in the fourth passage. The cultured
cells contained metachromatic granules characteristic
of such cells in vivo, but only small amounts of
histamine were produced.

SEARCH FOR BIOLOGICALLY ACTIVE PRINCIPLES IN

CANINE TUMOURS

The search for cell-free factors as a cause of cancer
immediately suggests a search for viruses. Findings
in recent years have resulted in the understanding of
mechanisms of virus action not associated with the
acute infectious diseases (Furth & Metcalf, 1958;
Duran-Reynals, 1959; Bryan, 1960). While it is
true that the usual techniques of virus recovery, such
as the preparation of homogenates and filtrates,
should be done, more complex methods and tech-
niques also must be applied in the search for viral
agents.

Analogies with lysogeny and prophage in bacterio-
phages suggest that tumour viruses may be closely
allied with the genetic material of the host cell and
only rarely or never appear as extracellular agents
capable of being separated and identified away from
the host. It is known that latent viruses may be
present in tumour cells in other species, and it is
reasonable to assume that such agents may be
present in some canine tumours.
Using the example of polyoma virus isolation,

release of agents in tissue culture is a logical experi-
mental procedure (Stewart et al., 1960; Mirand et al.,
1958). This approach was tried with canine tumours
by Spencer & Leader (1962) and more extensively
in our laboratories. Some of the results are
shown in Table 4. The use of other spe-ies of
animals for the demonstration of tumour agents
would seem to be contra-indicated as a fruitful
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FIG. 6
PRIMARY CULTURE OF SERTOLI CELLUR TUMOUR OF A DOG

approach when considering the species specificity of
tumours. The results with the canine thyroid tumour
described previously and with the transmission of
human tumours to other species (Randolph &
Handler, 1962; Grace, Mirand & Mount, 1960;
Schwartz et al., 1957; De Long, 1960), however,
suggest further exploration of such procedure.
Inbred lines of dogs have not been available for
extensive experimental work in tumour agent isola-
tion. The development of such lines, especially
from breeds that show a high incidence of spon-
taneous tumours, may provide a useful tool for the
isolation of canine tumour agents.

There is ample evidence that tumour virus and
virus nucleic acid are capable of inducing malignant
change in normal cells (Ito & Evans, 1961; Ericksen,
Eng & Morgan, 1961; Baluda & Goetz, 1961;
Dougherty & Morgan, 1962). Evidence that viral
nucleic acid has less specificity as regards the host
cell than the complete virus particle suggests that
tumour-inducing factors may be unmasked by
isolating the specific nucleic acids from tumour cells.
In the absence of a specific virus, however, it is
possible that nucleic acid extracts of tumour tissue
might reveal the presence of a tumour-inducing

factor (or factors). De Carvallo et al. (1960, 1962)
reported the isolation from human leukaemic
material of ribonucleic acid which was capable of
transforming normal cells. In experiments to be
reported elsewhere, we have attempted to extract
active nucleic acids from canine tumours. At least
one tumour, a lymphoma, yielded material (pre-
sumably deoxyribonucleic acid) that produced cyto-
pathogenic changes in normal canine renal epithe-
lium. This activity was eliminated by pretreatment
of the extracts with deoxyribonuclease.
There has been an emerging hypothesis that

certain viruses, particularly those for which no
specific disease syndromes are known (" orphan "
viruses), may be involved in the causation of cancer
(Salk, 1962). This concept has received great impetus
recently with the discovery that simian orphan viruses
(SV400 (Girardi et al., 1962)) and at least one human
adenovirus (Trentin, Yobe & Taylor, 1962) will
cause tumours in experimental animals. Although
orphan viruses have not been found in the dog
(Gelfand & Flynn, 1958) and the number of acute
diseases caused by viruses is extremely low, this
species is a common host of spontaneous neo-
plasms.
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TABLE 4

EFFECTS OF CANINE TUMOUR CELL-CULTURE
SUPERNATANT FLUIDS ON NORMAL CANINE RENAL

EPITHELIUM

Passage No. showing
Tumour in renal cell cytopathogenic

cultures effects/No. tested

Hepatic cell carcinoma 1 212

2 11

3 I11

4 1/1

5 11

7 1/1

Mammary adeno- 111
carcinoma

2 0/1

3 0/1
8 011

11 .1/2

Mammary fibro- 1 111
adenoma

2 01

Thyroid carcinoma 1 0/2

2 2/2

Mast cell sarcoma I 0/1

2 0/1

Melanoma 2 1/2

Prostatic carcinoma 2 1/1

3 1/1

Lymphosarcoma 3 0/1

Osteogenic sarcoma 2 0/2

Lung adenocarcinoma 2 0/1

Control fluids -_ 0/7

IMMUNOLOGICAL STUDIES IN CANINE TUMOURS

For the most part work in cancer immunology
centres on one of two areas. One is the demonstra-
tion of a specific antigen or antigens or proof of the

lack of specific antigen(s) in the tumour cell, and
the other is the use of specific antigens or antisera
for prophylaxis or therapy of tumours in clinical
medicine. Although attempts to accomplish the
latter have been quite discouraging, occasional re-
ports of spontaneous tumour regression and remis-
sion tend to support the immunological approach
to cancer treatment (Barrett, 1958; Southam, 1961;
Thomford & Black, 1961), In human cancer, both
active and passive immunization is being explored
(Graham & Graham, 1959, 1962; Finney, Byers &
Wilson, 1962; Bjorklund et al., 1958, 1961). The
use of active immunization has been done with
autologous systems in which the patient's tumour
or extract of the tumour has been used in an attempt
to elicit a high degree of antibody response against
the actively growing neoplasm.

Similar studies have not been done with canine
neoplasms. Since the separation of host factors is
one of the most critical aspects of experiments de-
signed to identify tumour antigens, inbred strains
of animals and transplantable tumours are the most
useful tools. In the study of antigens of spontaneous
tumours, however, the dog may become a most
useful animal. Preliminary studies, similar to those
of McKenna et al. (1962), have been started with
canine tumours, and results so far suggest that a
specific tumour antigen may be present in some
spontaneous neoplasms.

Except for the immunity to virus-induced papillo-
mas, the only demonstration of induced resistance
has been in the transmissible venereal sarcoma of
the dog. The immunological aspects of this tumour
have been reviewed by Karlson & Mann (1952).
When the spontaneous or experimental tumour
regresses the animal becomes resistant to further
transplantations. Serological examination of resis-
tant animals for complement-fixing antibodies to
tumour antigens has not shown titres to be present
consistently, and gel-diffusion tests for precipitating
antibodies have not revealed the presence of specific
tumour antibodies. The necessity for extremely
critical techniques and interpretations in evaluating
serological studies of antochthonous tumours has
been emphasized (Osler, 1961).
A method for the demonstration of cytotoxic

antibodies has been used in our laboratories.
The procedure, based on studies by Algire (1957)
and Algire et al. (1957) and by Gabourel (1961)
and Gabourel & Fox (1959), involves implantation
of diffusion chambers containing viable tumour
cells into the peritoneal cavity of resistant and

342



CANINE NEOPLASTA: A PROTOTYPE FOR HUMAN CANCER STUDY 343

susceptible dogs. Cells within the chambers do not
show the effects of a cytotoxic factor, indicating that
a circulating antibody is not present. A homograft

rejection mechanism, not evidenced in the chamber
technique, is probably operative in animals resistant
to transmissible venereal sarcoma.

RIESUMI2

Les auteurs passent en revue les connaissances actuelles
sur les tumeurs spontanees du chien. Ils insistent sur les
types les plus frequents, qu'ils comparent aux variWt6s
correspondantes de l'homme. Lorsque les analogies sont
marquees, des 6tudes qui ne seraient pas possibles chez
l'homme peuvent etre menees chez le chien.
Des etudes sur la nutrition et la morphologie des

cellules provenant de tumeurs canines en culture ont ete
faites. I1 semble exister une certaine unit6 morphologique
des cultures de differentes tumeurs de meme type. Des
etudes sur la nutrition des cellules de lymphosarcome
transplantable (tumeur venerienne transmissible) ont
montr6 que la croissance des cellules etait inhibee par des
amino-acides contenant le radical SH.

Les essais de transmission des tumeurs 'a d'autres
chiens ou a d'autres especes ont ete generalement infruc-
tueux. Cependant, une tumeur transplantable s'est deve-
loppee chez une souris ayant requ du materiel acellulaire
provenant d'un cancer thyroldien du chien. Bien que
cette tumeur se soit developp6e chez une jeune souris
appartenant a une souche oiu les tumeurs spontanees sont
rares, l'on n'a pu obtenir la certitude que la tumeur avait
e transmise. Les etudes en culture de cellules montrent
que certaines tumeurs contiennent un facteur cytopatho-
genique pour les cellules normales, mais aucune de ces
tumeurs n'a pu d6terminer in vivo l'apparition de n6o-
plasmes.
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