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tor was negative, but human epidermal growth factor
receptor 2 was usually positive with a distribution that
was similar to that reported for human intraepithelial
lesions (7).
With 74 million dogs living in the United States (8), it
is not surprising that man’s best friend would emerge as
an informative system for the study of precancerous
lesions (9). Dogs live in our environment, eat our food,
are exposed to the same carcinogens (10), and share
similar immunologic features (11).
Cancer is at least as common in dogs as in humans. In
a necropsy series of 2,000 dogs, 23% of all dogs and 45%
of dogs older than 10 years died of cancer (12, 13). The
spontaneous appearance, frequency, and treatment response of canine tumors often parallel human neoplasms
(14-16) much better than, for instance, induced tumors in
rodents. Canine malignancies that have been established
as strong comparative models (17) for human cancers
include transitional cell carcinoma of the bladder (17),
non-Hodgkin’s lymphoma (18, 19) and leukemia, osteosarcoma (20), melanoma (particularly oral melanoma;
refs. 21, 22), and soft tissue sarcomas (23-25).
In dogs, hormonal cancers display interesting epidemiologic patterns. Although prostate cancer is among the
most common cancers in men with 218,890 estimated
new cases in 2007 (26), it is rare in dogs (27). Further,
although high-grade prostate intraepithelial neoplasia
(28) and bone metastasis similar to those observed in
humans have been reported (29), the significance of those
results is unclear (30). Some breeds of dog seem to be at a
higher risk for the disease, such as the Bouvier de
Flanders, Doberman pinschers, Shetland sheepdogs, and
the Norwegian Elkhound; the strongest risk factor is
castration (27, 31). This is the opposite of what is
observed in humans, in which prostate cancer is virtually
undiagnosed in castrated males (32, 33).
By comparison, the mammary gland is a common site
of neoplasia in female dogs (12). Annual incidence rates
are difficult to assess because most of the available data
come from insurance databases in which younger dogs
are overrepresented. Dobson et al. (34) estimated that
the standardized incidence rate was 205 per 100,000
dogs per year. This is similar to the estimate of 145 per
100,000 female dogs per year reported by Schneider
(35). The study of Schneider represents dogs from the
Alameda Country Tumor Registry and Alameda Costa
Counties Animal Neoplasm Registry, both of which
include dogs of all ages. The median age at diagnosis
for breast cancer in the Registry study was 11 years and
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In this month’s CEBP, Antuofermo et al. (1) offer new
insights into spontaneous intraepithelial lesions using the
dog as a discovery tool. In humans, f500,000 intraepithelial lesions are diagnosed every year, generally
through mammographic screening (2). Intraepithelial
lesions include breast hyperplasias, atypical hyperplasias, and carcinoma in situ, and all are considered risk
factors for invasive breast cancer (3, 4). Thus, establishing
an animal model for intraepithelial lesions is important
for the development of both preventive measures and
effective treatments and for better understanding of the
etiology of the disease.
Using data from 200 dogs, Antuofermo et al. (1)
describe both the histologic and immunohistochemistry
of canine intraepithelial lesions, showing their similarity
to human lesions. Of the 200 canine specimens considered, 93 benign and 119 malignant tumors were found,
with intraepithelial lesions observed in 60 cases, 39 of
which were associated with malignant tumors. Ductal
carcinoma in situ was the most common intraepithelial
lesion found in dogs, accounting for 32 cases, 29 (91%) of
which were associated with malignant tumors. Ductal
carcinoma in situ is also the most frequently diagnosed
intraepithelial lesion in humans.
Estrogen receptor, progesterone receptor, and human
epidermal growth factor receptor 2 in adjacent nonneoplastic mammary tissue were evaluated by immunohistochemistry. Seventy percent of cells showed strong
estrogen receptor immunoreactivity, with most ductal
hyperplasias expressing estrogen receptor, which decreased as intraepithelial lesions increased in grade. In
contrast, high-grade ductal carcinoma in situ was
generally estrogen receptor negative, suggesting that
the canine intraepithelial lesions might be a good model
for estrogen receptor – negative tumors. Ki67 measures
were also conducted: in humans, Ki67 indices are usually
associated with increased tumor grade and poor
response to therapy (5). In the dog intraepithelial lesions,
estrogen receptor and Ki67 were found to be inversely
associated, as has previously been reported (6). In highly
proliferative lesions with increased Ki67, estrogen recep-
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genome association studies are ongoing for a host of
canine cancers that are of interest for human health and
biology, including osteosarcoma, lymphoma, transitional
cell carcinoma, soft tissue cancer, and squamous cell
carcinomas; each study centered around a carefully
chosen set of breeds. Finally, as several investigators
have shown (43), including Antuofermo et al. (1), dogs
experience many of the same precursor syndromes that
herald metastatic disease in humans. Therefore, a clearer
understanding of canine cancer syndromes will almost
certainly lead to a better understanding of the key steps
in the formation of human tumors.
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6 months, which is equivalent to 62 years in the human
(35). However, studies of dogs in Sweden, where
animals are much less likely to be spayed, report
considerably higher numbers (36).
There are marked differences in mammary cancer risk
between breeds, with the English springer spaniel and
Doberman pinscher having the highest risk, versus the
rough coated collie, for which the risk is estimated to be
almost 65-fold lower (36). The risk of breast cancer is
eliminated in dogs that are spayed before they experience their first menstrual cycle. As with humans,
incidence increases with age, and at 6, 8, and 10 years,
1%, 6%, and 13% of dogs across all breeds report at least
one mammary tumor.
Although canine models of various cancers garner
increasing interest as in vitro systems suitable for studies
of basic biology and drug development, the fact that
breed specificity is observed for many types of cancer has
excited geneticists who are anxious to localize susceptibility genes that have proved intractable in human
families and populations. Of significance has been a
growing understanding of how distinct dog breeds relate
to one another (37, 38). This allows researchers to select
affected cases from breeds that probably share a common
ancestry, and hence a common mutation, for wholegenome association studies. This scheme is being used to
study a variety of cancers that appear in small numbers
of related breeds like transitional cell carcinoma of the
bladder, for which only five breeds are at increased risk:
the Scottish (odds ratio, 19.89; 95% confidence interval,
7.74-55.72) and West Highland white terriers (odds ratio,
5.31; 95% confidence interval, 2.51-11.63), the Shetland
sheepdog (odds ratio, 4.46; 95% confidence interval,
2.48-8.03), the beagle (odds ratio, 4.15; 95% confidence
interval, 2.14-8.05), and the wire-haired fox terrier (odds
ratio, 3.20; 95% confidence interval, 1.19-8.63; refs. 17, 39).
Phylogenetic studies show that the terriers probably
share a common ancestry, and combining data from the
three breeds will probably not only allow the mapping of
the disease locus but may also identify a minimal critical
haplotype with a small number of candidate genes, as
has been done for other canine diseases (37, 40). The nonterrier breeds are from distinct phylogenetic groups that
may have unique mutations in the same gene or
mutations in altogether different genes.
The last point is important. Just as human diseases
feature extensive locus heterogeneity, so do dog diseases.
However, dog breeds generally are characterized by
closed breeding and relatively isolated populations, often
with a small number of founders and popular sires
whose gene pool is overrepresented in modern-day
progeny. As a result, genetic studies of dogs are a useful
mechanism for overcoming the genetic heterogeneity
associated with many human cancers. That is, although
there may be dozens of genes contributing to particular
cancer susceptibilities in dogs as a whole, within any
single breed there are likely to be only one or two. By
knowing how breeds relate to one another, studies can be
designed to optimize the chances for finding the small
number of relevant genes.
Dogs have proved their utility in facilitating our
understanding of human cancers in many ways: they
have large and multiple litters, which offers a powerful
system for doing linkage analysis, as was shown with
kidney cancer in the German shepherd (41, 42). Whole-
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