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Abstract

Triple-negative breast cancer is a type of breast cancer that does not express the genes for estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor receptor-2 (HER-2). It is an important and clinically relevant condition as it
has a poor prognosis and is difficult to treat. Basal-like triple-negative cancer is highly prevalent in both African-Americans and
adolescents. We therefore examined whether such a cancer likewise occurs in specific breeds and age groups in dogs, focusing
on basal-like triple-negative cancer in particular. In this study, 181 samples from dogs with malignant mammary carcinoma
from the 5 most common breeds and 2 age groups in Korea were analyzed. Histological classification and molecular subtyping,
including assessment of immunohistochemical findings, were carried out. Twenty-five of 28 (89.3%) triple-negative carcinomas
were identified as basal-like triple-negative carcinomas. Analysis of associations of classified factors revealed that the shih tzu
breed (9/25, 36.0%) and advanced-age (19/25, 76.0%) groups were characterized by higher prevalence of basal-like triple-negative
tumors with diverse histological types and of a higher grade. These results suggest that breed- and age-related differences can
be identified in canine mammary carcinoma and, notably, in the shih tzu breed and at older ages. Further investigation of these
distinguishing characteristics of the shih tzu breed is warranted.

Réesumeé

Le cancer mammaire triple-négatif est un type de cancer mammaire qui n’exprime pas les genes pour les récepteurs de I'eestrogene (RO), les
récepteurs de la progestérone (RP), et les récepteurs pour le facteur de croissance épidermique humain-2 (REH-2). Il s’agit d’une condition
importante et cliniqguement significative étant donné son mauvais pronostic et la difficulté a le traiter. Le cancer triple-négatif de type basal
est tres prévalent chez les afro-américains et les adolescents. Nous avons donc voulu savoir si chez les chiens ce type de cancer est rencontré
éqalement dans des races spécifiques et dans des groupes d’dge précis, en se concentrant sur des cancers triple-négatifs de type basal en
particulier. Dans la présente étude réalisée en Corée, 181 échantillons provenant de chiens avec des carcinomes mammaires malins des cing
races les plus communes et de deux groupes d’age ont été analysés. Une classification histologique et un sous-typage moléculaire, incluant
une évaluation des trouvailles immunohistochimiques, ont été réalisés. Vingt-cing des 28 (89,3 %) des carcinomes triple-négatifs ont été
identifiés comme étant des carcinomes triple-négatifs de type basal. Une analyse des associations des facteurs classés a révélé que les groupes
de chiens de la race Shih tsu (9/25, 36,0 %) et d'un dge avancé (19/25, 76,0 %) étaient caractérisés par une prévalence plus élevée de tumeurs
triple-négatives de type basal avec des types histologiques variés et de grade plus élevé. Ces résultats suggerent que des différences reliées a
la race et a I'dge peuvent étre identifiés dans les carcinomes mammaires canins et, notamment, chez la race Shih tsu et a un dge plus avancé.
Des études supplémentaires de ces caractéristiques distinctives de la race Shih tsu sont justifiées.

(Traduit par Docteur Serge Messier)

cancers can be treated with tamoxifen and trastuzumab, respectively,
by means of blocking the specific receptor pathway (9).
Triple-negative cancer, however, in which expression for all 3 of

Introduction

Breast cancer is one of the most common cancers in women and

a frequent cause of death from cancer (1-2). Classification of breast
cancer helps in understanding and treating this condition. Molecular
phenotyping to determine the expression pattern of estrogen recep-
tor (ER), progesterone receptor (PR), and human epidermal growth
factor receptor-2 (HER-2) is widespread and routinely evaluated
in women with breast cancer (3—4). Receptor expression is closely
associated with the development and progression pathway of breast
cancer (5) and contributes significantly to the treatment outcome and
prognosis (6-8). For example, ER-positive and HER-2-positive breast

the receptors ER, PR, and HER-2 is absent, cannot be treated with
such tumor-specific treatments because the lack of receptor expres-
sion precludes inhibition of receptor-dependent pathways (10).
Studies on breast cancer have therefore attempted to determine
characteristics of and ways to overcome this type of tumor. More
recent studies differentiated triple-negative breast cancer from basal-
like breast cancer (11). Not all triple-negative cancers are basal-like
(12). Triple-negative cancer can be differentiated into basal-like and
normal-like phenotypes according to the expression of basal markers
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such as CK5/6, CK14, CK17, and EGER (11). Because of a particularly
poor prognosis, basal-like triple-negative tumors warrant thorough
investigation (10,11,13).

In humans, the occurrence of breast cancer shows race- and age-
related differences (14,15). The discovery that African-American
female patients with breast cancer tended to have a lower survival rate
than Caucasian female patients triggered studies of racial differences
in breast cancer (14,15). Different aspects of breast cancer related to
race and age have since been reported (16). The total number of breast
cancer patients was not remarkable in African-American women or
younger subjects, but breast cancers with worse prognosis, particularly
the triple-negative cancers, tended to occur more often in African-
American female patients and younger patients (17-21). These find-
ings are presumed to be related to genetic differences among races.

Recently, basal-like triple-negative tumors have also been identi-
fied in dogs (22,23). The dog may be a reliable animal model for
human breast cancer (23,24). Therefore, establishing breed-related
and age-related differences in mammary tumors in dogs would be
meaningful for both human and canine studies. This study aimed
to determine the differences in expressions of histological types,
molecular types, and other applicable factors in canine mammary
cancer and to determine the characteristics of canine mammary
carcinoma, with particular reference to the race- and age-related
differences in expressions of basal-like triple-negative cancer.

Materials and methods

Sample selection

Entire samples used to diagnose canine mammary tumors were
obtained from the Department of Veterinary Pathology, Konkuk
University Animal Teaching Hospital, Seoul, Korea. Primary selec-
tion was limited to canine malignant mammary carcinoma diagnosed
from 2003 to 2013 and consisted of 672 samples. All 672 samples were
analyzed according to breed and the 5 most frequent breeds (Maltese,
148; Yorkshire terrier, 99; shih tzu, 72; poodle, 63; and Cocker spaniel,
53) were divided by age into subjects below and above 10 y of age,
with 20 samples extracted randomly for each subgroup (< 10 and
= 10y). The final study population consisted of 20 dogs in each age
subgroup for each of the 5 breed groups, i.e., 40 dogs in each breed
group for a total of 200 samples. As samples excluded after initial
screening were not artificially replaced, 181 samples were analyzed.

Immunohistochemistry

Four-micrometer sections of formalin-fixed paraffin-embedded
tissues were fixed on slides and deparaffinated by xylene, followed
by serial rehydration by graded ethanol. Slides were washed 3 times
with phosphate-buffered saline (PBS). A 3% hydrogen peroxide
solution diluted with PBS was used to block endogenous peroxidase
activity. Antigen retrieval was then carried out by the microwave
retrieval method or enzyme retrieval method, selected according to
the primary antibody.

Microwave retrieval (750W, 60Hz, 15 min) in pH 9.0 Tris-
ethylenediamine tetra-acetic acid (EDTA) buffer was applied to the
sample for anti-ER (clone: ER88; BioGenex, Fremont, California,
USA), PR (PR10A9; Immunotech SAS, Marseille, France), HER-2/

neu (CBIL; BioGenex), CK5/6 immunostaining (D5/16/B4; Dako,
Glostrup, Denmark), and CK14 (LL002; Abcam, Cambridge, UK);
0.05% proteinase K (37°C, 30 min) enzyme digestion was applied
for staining with anti-EGFR antibody (31G7; Abcam).

After PBS washing, slides were covered with 5% normal goat
serum for 30 min for anti-ER staining to block nonspecific binding.
Primary antibody staining was conducted. Incubation for 3 h at room
temperature was applied for anti-ER (1:60), HER-2/neu (1:100), and
CK14 (1:300) and overnight at 4°C for anti-PR (1:500), CK5/6 (1:100),
and EGFR (1:50) antibody staining. PBS washing was carried out,
followed by 2-step immunolabeling with secondary antibody-HRP
conjugation for 40 min. Visualization was achieved using DAB+
chromogen (REAL EnVision Kit; Dako). Finally, slides were washed
with distilled water and counterstained with Gill’s hematoxylin and
coverslips were applied.

Tumor classification

Histological subtyping was carried out using HE-stained slides
according to previously proposed criteria (25). Histological subtypes
included carcinoma arising in a mixed tumor, carcinoma-complex type,
simple carcinoma, intraductal papillary carcinoma, solid carcinoma,
ductal carcinoma, carcinoma-anaplastic, carcinoma-micropapillary
invasive, comedocarcinoma, and squamous cell carcinoma.

In the molecular classification of tumors, types of tumors that are
positive for hormone receptor expression are called luminal types.
Tumors with positive expression for ER or PR and negative expression
for HER-2 were classified as luminal A type and tumors with positive
expression for ER or PR and negative expression for HER-2 were clas-
sified as luminal B type. Types of tumors that were hormone-receptor
negative, but were positive for HER-2 receptor expression, were clas-
sified as HER-2-overexpressing type and tumors that were negative
for the expression of all 3 receptors were classified as triple-negative
type. After identifying triple-negative cancer samples, basal-marker
expression was sequentially evaluated for subtyping basal-like triple
negative cancers. Triple-negative cancers expressing at least 1 basal
marker were considered basal-like triple-negative cancers.

Grading was done by evaluating the sum of the scores of tubule
formation, mitoses, and nuclear pleomorphism (26). Grade 1 indi-
cated well differentiated tumors, Grade 2 indicated moderately
differentiated tumors, and Grade 3 indicated poorly differentiated
tumors.

Immunohistochemical analysis

Anti-ER or anti-PR staining was considered positive if there was
more than 10% expression of clear nuclear staining. Evaluation of
anti-HER-2 staining was based on the Hercep test and more than
10% of complete plasma membrane expression was considered
positive. CK5/6, CK14, and EGFR were used as basal markers and
areas of interest with more than 5% of membrane expression were
considered basal-positive.

Statistical analysis

The Statistical Package for Social Science 17.0 software (SPSS,
Chicago, Illinois, USA) was used for statistical analysis. Analysis of fre-
quency, Pearson’s Chi-square test, and Fisher’s exact test were applied
and P-values less than 0.05 (P < 0.05) were considered significant.
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Figure 1. A — Carcinoma arising in a mixed tumor, mammary gland, canine. Hematoxylin and eosin (H&E). Bar = 35 pm.
B — Simple carcinoma, mammary gland, canine. H&E. Bar = 35 pm. C — Squamous cell carcinoma, mammary gland,
canine. H&E. Bar = 35 pm. D — Comedocarcinoma, mammary gland, canine. H&E. Bar = 35 pm. E — Carcinoma-
complex type, canine. H&E. Bar = 35 pm. F — Ductal carcinoma, mammary gland, canine. H&E. Bar = 35 pm.
G — Carcinoma-micropapillary invasive, mammary gland, canine. H&E. Bar = 35 pm. H — Carcinoma-anaplastic,
mammary gland, canine. H&E. Bar = 35 pm.
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Figure 2. A — Positive expression of estrogen receptor in simple carcinoma. Inmunohistochemistry (IHC), mammary gland, canine. Bar = 35 pm.
B — Negative expression of estrogen receptor in solid carcinoma. Immunohistochemistry (IHC), mammary gland, canine. Bar = 35 pm.
C — Positive expression of progesterone receptor in ductal carcinoma. IHC, mammary gland, canine. Bar = 35 pm. D — Negative expression
of progesterone receptor in complex carcinoma. IHC, mammary gland, canine. Bar = 35 um. E — Positive expression of human epithelial
growth factor receptor-2 in ductal carcinoma. IHC, mammary gland, canine. Bar = 35 pm. F — Negative expression of human epithelial growth
factor receptor-2 in ductal carcinoma. IHC, mammary gland, canine. Bar = 35 pm.
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Table 1. Breed-based statistical analysis of malignant mammary carcinoma of canines

Breed
Cocker Yorkshire
spaniel Maltese Poodle Shih tzu terrier
(n = 38) (n = 36) (n = 36) (n = 34) (n = 35) P
Histological type
Carcinoma — anaplastic (n = 1) 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0.115
Carcinoma — complex type (n = 47) 12 (25.5) 13 (27.7) 8 (17.0) 5 (10.6) 9(19.1)
Carcinoma — micropapillary invasive (n = 1) 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)
Simple carcinoma (n = 36) 11 (30.6) 7 (19.4) 7 (19.4) 5(13.9) 6 (16.7)
Solid carcinoma (n = 7) 1(14.3) 1(14.3) 1(14.3) 3(42.9) 1(14.3)
Carcinoma arising in a mixed tumor (n = 71) 9 (12.7) 15 (21.1) 18 (25.4) 13 (18.3) 16 (22.5)
Comedocarcinoma (n = 1) 0 (0.0) 0 (0.0) 0 (0.0) 1 (100.0) 0 (0.0)
Ductal carcinoma (n = b5) 1 (20.0) 1 (20.0) 0 (0.0) 1 (20.0) 2 (40.0)
Intraductal papillary carcinoma (n = 8) 3(37.5) 0 (0.0) 2 (25.0) 2 (25.0) 1(12.5)
Squamous cell carcinoma (n = 4) 0 (0.0) 0 (0.0) 0 (0.0) 4 (100) 0 (0)
Molecular type
HER-2 overexpressing? (n = 11) 5 (45.5) 9.1) 0 (0.0) 1(9.1) 4 (36.4) 0.096
Luminal A® (n = 77) 18 (23.4) 14 (18.2) 16 (20.8) 13 (16.9) 16 (20.8)
Luminal B¢ (n = 65) 12 (18.5) 19 (29.2) 14 (21.5) 10 (15.4) 10 (15.4)
Triple negatived (n = 28) 3 (10.7) (14.3) 6 (21.4) 10 (35.7) 5(17.9)
Triple negative
Non-triple negative (n = 153) 35(22.9 34 (22.2 30 (19.6 24 (15.7) 30 (19.6) 0.111
Triple negative (n = 28) 3 (10.7) 4 (14.3) 6 (21.4) 10 (35.7) 5(17.9)
Grade
1(n=118) 29 (24.6) 25 (21.2) 23 (19.5) 19 (16.1) 22 (18.6) 0.017
2 (n =52) 8 (15.4 13 (25.0) 11 (21.2) 8 (15.4) 12 (23.1)
3 (=11 1(9.1) 0 (0.0) 2 (18.2) 7 (63.6) 1(9.1)

@ ER—/PR—/HER-2+.

® ER+ or PR+/HER-2—.
¢ ER+ or PR+/HER-2+.
¢ ER—/PR—/HER-2—.

P < 0.05.

Clinical data

The 181 dogs with malignant mammary carcinoma ranged in
age from 3 to 17 y (mean: 9.4 * 2.72 y). Ninety-two dogs (50.8%)
were < 10 y and 89 dogs (49.2%) were = 10 y. The 181 dogs were
divided into 5 groups based on breeds with the highest prevalence
for canine malignant mammary carcinoma as follows: 38 Cocker
spaniels (20 < 10y, 18 = 10 y), 36 Maltese (18 <10y, 17 = 10y),
36 poodles (18 <10y, 18 = 10 y), 34 shih tzus (18 <10y, 16 = 10 y),
and 35 Yorkshire terriers (18 <10y, 17 = 10 y).

Histological classification and molecular
phenotype

The malignant canine mammary carcinomas were categorized
into histological types according to the classification proposed by
Goldschmidt et al (25) based on hematoxylin and eosin (HE) stain-
ing (Figure 1). The 181 samples were divided into the following
histological types: 71 (39.2%) carcinoma arising in a mixed tumor;

47 (26.0%) carcinoma-complex types; 36 (19.9%) simple carcinomas;
8 (4.4%) intraductal papillary carcinomas; 7 (3.09%) solid carcino-
mas; 5 (2.8%) ductal carcinomas; 4 (2.2%) squamous cell carcinomas;
1 (0.6%) carcinoma-micropapillary invasive; 1 (0.6%) comedocarci-
noma; and 1 (0.6%) carcinoma-anaplastic.

Two major types of tumor, carcinoma arising in a mixed tumor and
complex type carcinoma, accounted for more than half (65%) of the
samples. According to molecular phenotype, the luminal A type was
the most prevalent at 42.5%, followed by the luminal B and triple-
negative types (15.5%), with the HER-2-overexpressing type being
the least common (6.1%). Overall, hormonal receptor positive type
(ER positive or PR positive) mammary tumors accounted for 78% of
the samples and the triple-negative type, indicating negative expres-
sion for anti-ER, anti-PR, and anti-HER-2 antibodies, accounted for
15.5% (Figure 2).

Characteristics of tumor according to breed

Correlations between breeds and characteristics of malignant
canine mammary carcinoma are listed in Table I. Statistically sig-
nificant associations were not found between the breed and the
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Table Il. Age-based statistical analysis of malignant mammary carcinoma of canines

Age groups
<10y =10y
(n =92) (n = 89) P
Histological type
Carcinoma — anaplastic (n = 1) 0 (0.0) 1 (100.0) 0.061*
Carcinoma — complex type (n = 47) 32 (68.1) 15 (31.9)
Carcinoma — micropapillary invasive (n = 1) 1 (100.0) 0 (0.0)
Simple carcinoma (n = 36) 18 (50.0) 18 (50.0)
Solid carcinoma (n = 7) 3(42.9) 4 (57.1)
Carcinoma arising in a mixed tumor (n = 71) 32 (45.1) 39 (54.9)
Comedocarcinoma (n = 1) 0 (0.0) 1 (100.0)
Ductal carcinoma (n = 5) 3 (60.0) 2 (40.0)
Intraductal papillary carcinoma (n = 8) 3(37.5) 5 (62.5)
Squamous cell carcinoma (n = 4) 0 (0.0) 4 (100.0)
Molecular type
HER-2 overexpressing? (n = 11) 3(27.3) 8 (72.7) 0.005
Luminal AP (n = 77) 44 (57.1) 33 (42.9)
Luminal B¢ (n = 75) 38 (58.5) 27 (41.5)
Triple negatived (n = 28) 7 (25.0) 21 (75.0)
Triple negative
Non-triple negative (n = 153) 85 (55.6) 68 (44.4) 0.003
Triple negative (n = 28) 7 (25.0) 21 (75.0
Grade
1(n=118) 61 (51.7) 57 (48.3) 0.013
2 (n =52) 30 (57.7) 22 (42.3)
3 (=11 1(9.1) 10 (90.9)

a ER—/PR—/HER-2+.

b ER+ or PR+/HER-2—.
¢ ER+ or PR+/HER-2+.
4 ER—/PR—/HER-2—.

P < 0.05.

* Fisher’s exact test.

histological classification and molecular phenotype. Histological
grade revealed decreasing prevalence from Grade 1 to Grade 3 for
all the breeds (P < 0.05). Grade 1 was most common (65.2%), fol-
lowed by Grade 2 (28.7%), and Grade 3 (6.0%). The prevalence of
Grade 3 was higher in the shih tzu breed, however, than in the other
breeds (7/34, 63.6%).

Characteristics of tumor according to age

Data from the 2 age groups are summarized in Table II. Luminal A
(44/77,57.1%) and luminal B type (38/65, 58.5%) tumors were associ-
ated with the group of younger dogs (under 10 y), whereas HER-2-
overexpressing (8/11, 72.7%) and triple-negative (21/28, 75.0%) types
were related to the older group (10 y and over) (P < 0.05). Grade 1
accounted for 65.2% of all subjects, followed by Grade 2 at 28.7%, and
Grade 3 at 6.1%. Of note, Grade 3 was seen more in the older group
(=10y) (10/11, 90.9%) than in the younger group (< 10y) (1/11,9.1%).

Analysis of tumor characteristics according to
grade

There were significant correlations (P < 0.05) among grade and
dog breed, age group, histological type, and molecular phenotype.
The results of the Chi-square test based on grade are given in
Table III. Complex-type carcinoma (27/47, 57.4%), simple carcinoma
(28/36, 77.8%), carcinoma arising in a mixed tumor (54/71, 76.1%),
ductal carcinoma (4/5, 80.0%), and intraductal papillary carcinoma
(5/8, 62.5%) were more predominant in the lower grades. There was
a tendency for higher grade expression to be in the solid carcinoma
(4/7,57.1%) and squamous cell carcinoma (3/4, 75.0%). Although
there was only 1 case of each, the anaplastic carcinoma (1/1, 100%)
and comedocarcinoma (1/1, 100%) were both Grade 3. Grade 1
tended to dominate in all molecular phenotypes, but the triple-
negative subtype accounted for 45.4% (5/11) of Grade 3.
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Table lll. Statistical analysis of malignant canine mammary carcinoma based on grade

Grade
1 2 3
(n = 118) (n = 42) (nh=11) P

Histological type

Carcinoma — anaplastic (n = 1) 0 (0.0) 0 (0.0) 1 (100.0) 0.000

Carcinoma — complex type (n = 47) 27 (57.4) 20 (42.6) 0(0.0)

Carcinoma — micropapillary invasive (n = 1) 0 (0.0) 1 (100.0) 0 (0.0)

Simple carcinoma (n = 36) 28 (77.8) 8 (22.2) 0(0.0)

Solid carcinoma (n = 7) 0 (0.0) 3429 4(57.1)

Carcinoma arising in a mixed tumor (n = 71) 54 (76.1) 15(21.1) 2 (2.8)

Comedocarcinoma (n = 1) 0 (0.0) 0 (0.0) 1 (100.0)

Ductal carcinoma (n = 5) 4 (80.0) 1(20.0) 0 (0.0)

Intraductal papillary carcinoma (n = 8) 5 (62.5) 3(37.5) 0(0.0)

Squamous cell carcinoma (n = 4) 0 (0.0) 1(25.0) 3 (75.0)
Molecular type

HER-2 overexpressing? (n = 11) 10 (90.9) 0 (0.0) 1(9.1) 0.010*

Luminal A® (n = 77) 45 (58.4) 28 (36.4) 4 (5.2)

Luminal B¢ (n = 65) 46 (70.8) 18 (27.7) 1 (1.5)

Triple negatived (n = 28) 17 (60.7) 6(21.4) 5(17.9)
Triple negative

Non-triple negative (n = 153) 101 (66.0) 46 (30.1) 6(3.9) 0.016

Triple negative (n = 28) 17 (60.7) 6(21.4) 5(17.9)

@ ER—/PR—/HER-2+.

b ER+ or PR+/HER-2—.
¢ ER+ or PR+/HER-2+.
¢ ER—/PR—/HER-2—.

P < 0.05.

* Fisher’s exact test.

Characteristics of basal-like triple-negative
mammary cancer

Twenty-five of the tumors were basal-like triple-negative tumors
(Figure 3), which represented 89.3% of the triple-negative type can-
cers. The most frequent histological type was carcinoma arising in a
mixed tumor (12/25, 48%) and the most common breed was the shih
tzu (9/25, 36%) (Table IV). Grade 1 (16/25, 64%) was the predomi-
nant grade within the basal-like triple-negative tumors and Grade 3
was solely expressed by the shih tzu breed, except for 1 Poodle. The
shih tzu breed had the broadest spectrum of histological types. By
age, 76% (19/25) of the total cases were = 10 y of age and 36.8%
(7/19) of these dogs were shih tzus.

Determining and categorizing the characteristics of breast cancer
may help to treat this disease and to establish the causative factors
of the cancer (27). A molecular-based classification scheme has been
proposed (28), in which triple-negative breast cancer and basal-like
breast cancer are problematic in terms of having comparatively poor
prognoses and therapeutic challenges (19).

Many factors have been implicated in the pathogenesis of breast
cancer, including hormonal influences, environmental and heredi-

tary factors, and age (18,29). Investigations into the characteristics
of tumor development yielded higher incidences of triple-negative
breast cancer in young patients and African-American women
(12,14). These predilections of race and age appear to be related to
the hereditary factors causing breast cancer.

The dog is one of the most common species that develops mam-
mary tumors and can therefore serve as an acceptable model for
human breast cancer. Basal-like triple-negative tumors have also
been identified in dogs (22,23). In this study, we investigated asso-
ciations between types and characteristics of tumors. We especially
focused on breed and age group by using previously reported
criteria. Among the tumor types, particular emphasis was placed
on the basal-like triple-negative tumor. Characteristics of basal-like
triple-negative cancers were analyzed by frequency and relations
between certain clinicopathological parameters were evaluated.

While the types of tumor expression did not clearly differ accord-
ing to breed, the shih tzu breed exhibited some distinguishing char-
acteristics. In analyzing histological type, types of tumors known to
have better prognoses were not commonly expressed in shih tzus,
but higher expression rates of types of tumors known to have worse
prognoses were the most outstanding characteristics of the shih tzu
breed compared with the other breeds. Tumors with better prognoses
are carcinoma arising in a mixed tumor, carcinoma-complex type,
and simple carcinoma, while tumors with worse prognoses include
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Figure 3. A — Positive expression of epidermal growth factor recep-
tor in simple carcinoma. IHC, mammary gland, canine. Bar = 35 pm.
B — Positive expression of cytokeratin 14 in carcinoma arising in a mixed
tumor. IHC, mammary gland, canine. Bar = 35 pm. C — Positive expres-
sion of cytokeratin 5/6 in squamous cell carcinoma, metastasized. IHC,
mammary gland, canine. Bar = 35 pm.

all of the other types of tumors. In molecular phenotype analysis,
triple-negative type tumors were more common in the shih tzu than
in other breeds. Overall, the number of subjects decreased from
Grade 1 to Grade 3, but the shih tzu group had the highest percent-
age of Grade 3 subjects. Of the 25 basal-like triple-negative tumors in

28 triple-negative mammary tumors, 36% (9/25) were from shih tzu
dogs. The shih tzu group had a broader distribution of histological
types, whereas histological types of tumors in other breeds tended
towards better prognostic types, such as carcinoma-complex type
and carcinoma arising in a mixed tumor (Figure 3). Although expres-
sions of grade in other groups were primarily Grade 1 or Grade 2,
a higher proportion of Grade 3 was a distinguishing characteristic
of the shih tzu breed.

When analyzing the characteristics of tumors according to
age groups, we ascertained that histological types of mammary
tumors with the worse prognosis tended to develop in older dogs
(= 10'y), particularly in the case of basal-like triple-negative tumors.
Regarding molecular phenotype, both luminal A and luminal B types
of tumors were more likely to be expressed in the younger age
group, while HER-2-overexpressing types and triple-negative types
of tumors tended to be expressed in the older age group. Analysis
by Fisher’s exact test revealed that the histological types with better
prognoses, such as complex carcinoma, carcinoma arising in a mixed
tumor, and simple-type carcinoma, were significantly associated
with younger age.

In contrast, triple-negative tumors, which are known to have a
worse prognosis in human studies and poor response to treatment,
were more common in the older group of dogs. Basal-like triple-
negative tumors were expressed more frequently in the older group
[19 of 25 cases (76.0%)], with the shih tzu being the most common
breed among these 19 subjects [36.8% (7/19)].

Additional analysis was carried out according to tumor grade.
An association was identified between tumor types with worse
prognosis and higher grades and relations between triple-negative
tumors and Grade 3. Some histological types of tumors known to
have worse prognoses showed higher grades (P < 0.05). Molecular
phenotype analysis that showed grade 3 tumors had the highest
percentage of triple-negative type tumors.

To summarize the results, breeds did not show statistical signifi-
cance by tumor molecular phenotypes, but the shih tzu breed most
frequently developed basal-like triple-negative tumors and was sig-
nificantly associated with Grade 3. In age, the older group of = 10y
was associated with basal-like triple-negative and Grade 3 tumors.

Breed-related differences in the development of basal-like triple-
negative tumors in dogs are similar to the race-related characteristics
of African-Americans in the development of human breast cancer.
The shih tzu breed was not the most common breed to develop
mammary carcinoma, but it showed a higher prevalence of basal-
like triple-negative mammary tumors than all the other breeds, just
as African-Americans have the highest prevalence of human triple-
negative breast cancer.

Basal-like triple-negative carcinomas were associated with both
older non-shih tzu subjects and older shih tzu breed subjects.
Differences were revealed between humans and dogs in develop-
ing basal-like triple-negative tumors because there was a higher
prevalence of these tumors in the older dogs (> 10 y). In humans,
younger patients are usually more likely to develop these tumors.

Menopause is one of the important standards in classifying when
breast cancer develops in humans. When breast cancer develops dur-
ing the postmenopausal period, it does not develop under conditions
of typical cyclic hormonal influence. As there is no physiological
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Table IV. Characteristics of distributions of basal-like triple-negative mammary cancer

Breed
Cocker Yorkshire
spaniel Maltese Poodle Shih tzu terrier
Frequency 2 (8.0) 3(12.0) 6(24.00 9(36.0) 5 (20.0)
Histological type
Carcinoma — complex type (n = 4) 1(25.0) 1 (25.0) 0 (0.0) 1 (25.0) 1 (25.0)
Simple carcinoma (n = 1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 100 (100.0)
Solid carcinoma (n = 4) 0 (0.0) 1(25.00 1(25.00 2(50.0) 0 (0.0)
Carcinoma arising in a mixed tumor (n = 12) 1(8.3) 1(8.3) 4 (33.3) 2 (16.7) 4 (33.3)
Intraductal papillary carcinoma (n = 2) 0 (0.0) 0 (0.0) 1 (50.0) 1 (50.0) 0 (0.0)
Squamous cell carcinoma (n = 2) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.0) 0 (0)
Grade
1(n = 16) 2 (12.5) 2(12.5) 4(25.0) 4 (25.0) 4 (25.0)
2(n=4) (0.0) 1(25.00 1(25.00 1(25.0) 1 (25.0)
3(=5) 0(0 0 (0.0) 1(20.00 4 (80.0) 0 (0.0)

menopausal period in dogs, they do not experience cessation of ovar-
ian hormone release and the accompanying lobular involution of the
mammary tissue. To correctly determine the age-related differences
between dogs and humans, further studies will be needed to clarify
and exclude the effects of a change in hormone status, accompanied
by the effects of aging on tumor development or to provide corre-
spondent factors in the dog, such as an ovariohysterectomy.

Although the results were not identical to those in human cases,
there were considerable breed- and age-related differences in canine
tumor characteristics. There were enough disparities in the expres-
sion of tumor types by breed to consider that certain hereditary
factors may influence cancer development. We can therefore infer
that this prevalence is based on genetic inequality.

Associations between triple-negative tumors and the BRCA1
mutation have recently been investigated in humans (30-33). The
BRCAT mutation is a hereditary factor and representative mutation
of genes that can cause breast cancers. In the present study, associa-
tions of canine breed and age with basal-like triple-negative tumors
have been investigated. In addition, associations of the BRCA muta-
tion with canine mammary tumors have been investigated in many
other studies (34-35). One study found noticeable characteristics
of the shih tzu breed in overexpression of BRCA1 (36). Because the
antibody used in this study was limited to exon 11 mutations of the
human BRCAT1 gene, these results cannot fully reflect the various
BRCA1 mutations in dogs. Considering that 84% of the human and
canine BRCA1 genes are homologous (37), however, these common
characteristics of the shih tzu breed are noteworthy.

Previous studies suggest that there are racial differences in triple-
negative breast cancer (29), that BRCA mutation locus varies among
races (38—40), and that there is an association between the occurrence
of triple-negative tumors and BRCA mutation (6,33). Further stud-
ies must be conducted on canine breeds, however, to better under-
stand breed-related hereditary factors that can influence the type of
tumor that develops, basal-like triple-negative cancers of specific
breeds, and the specific locus of BRCA1 gene mutation, as well
as to establish associations between certain breeds and basal-like
triple-negative cancers with BRCA1 mutations. When considering

those common characteristics in the shih tzu breed, triple-negative
tumors and BRCA1 mutation seem to be affected by certain heredi-
tary influences in tumor development. There may be an association
between basal-like triple-negative cancers and BRCA1 mutation as
well as other genetic factors in tumor development. Further study
to investigate and understand canine mammary cancers may be
useful for canine mammary cancer to serve as an effective model
in human studies.
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