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First pathological study of canine primary breast lymphoma
and the description of its clinicopathological characteristics
as an animal model for human primary breast lymphoma
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Abstract. Canine breast cancer (BC) and human BC are the
most prevalent tumors in female dogs and humans, respectively.
Several studies have indicated that canine BC is a good model
for human BC. Unlike breast carcinomas, human primary
breast lymphoma (PBL) is a rare tumor, but no case of canine
PBL has been reported thus far. The current study presents a
case of canine MC of the primary non-Hodgkin lymphoma
(NHL) type for the first time and subsequently questions the
theory of considering it as a model for human PBL. A 2-cm
tumor was surgically removed from the left caudal abdominal
mammary gland of a 6-year-old female dog of the terrier
breed. Microscopic examination did not show any sign for the
epithelial origin of the tumor. By contrast, histomorphological
view and molecular pathological evaluation by immunohis-
tochemistry showed that the tumor was of the diffuse large
B-cell lymphoma (DLBCL) type [cluster of differentiation 19*
(CD19%), CD20*, CD10*, B-cell lymphoma 6*, CD3-, CD157].
According to the World Health Organization classification,
DLBCL is considered to be an NHL. Canine NHL is common
in dogs and certain investigators believe that the biological
behavior and clinical course is extremely similar to human
NHL, and therefore, consider it as a model of human NHL. To
the best of our knowledge, the current study is the first report
of canine PBL. As the most significantly reported human
PBL histotype is the DLBCL type, the histomorphological
and immunophenotyping characteristics of canine PBL in
the study considerably match with human PBL and raise the
hypothesis that it can be a model for human PBL.
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Introduction

Canine breast cancer (BC) is the most significant tumor in
female dogs, whereas human BC is the most prevalent type
of cancer in females worldwide (1-2). There is much evidence
indicating that canine BC mimics the characteristics of human
BC with regards to incidence, histomorphological characteris-
tics, gene profiles, molecular signaling pathways and clinical
course (3). Numerous experts believe that canine BC can
be a powerful translation research model for human BC (4).
Carcinomas account for the majority of histological clas-
sifications of canine BC and sarcomas are less frequent (5).
However, to the best of our knowledge no case of canine
primary lymphoma of the breast has been reported. However,
human primary breast lymphoma (PBL) is a rare malignancy
and statistics show that <0.5% of human BCs and 2% of all
extranodal non-Hodgkin lymphomas (NHLs) are PBL (6).
The current study presents a case of canine BC of the
primary NHL type for the first time and subsequently the
theory of considering it as a model for human PBL is raised.

Materials and methods

A 6-year-old female terrier with a history of ovariohysterec-
tomy at the age of 1 was referred to a veterinary clinic with
a lump in the left caudal abdominal mammary gland. The
primary diagnosis of the veterinary surgeon was canine BC.
Thoracic imaging and abdominal ultrasonography (according
to the diagnostic guidelines of metastatic canine BC) were
performed to check for metastasis, but no symptom was
observed (7). Finally, simple mastectomy was performed and a
sample of the 2-cm tumor was sent to the pathology laboratory
of cancer institute of Iran.

The tumor section was fixed by 4% formaldehyde in 0.1 M
phosphate-buffered saline (PBS) solution. The fixed tissue was
dehydrated by graded concentrations of ethanol and embedded
in paraffin wax, and subsequently stained with hematoxylin
and eosin (H&E). The slides were reviewed by a pathologist.
For immunohistochemical examination, paraffin-embedded
blocks were cooled in an ice-water mixture for 30 min before
sectioning. A total of 4 ym sections were cut and placed on
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Table I. Immunohistochemistry (IHC) test results assessed by
CD markers.

IHC staining CD marker result

CD3 Negative
CD10 Positive
CDI15 Negative
CD19 Positive
CD20 Positive
Bcl-6 Scatter

CD, cluster of differentiation; Bcl-6, B-cell lymphoma 6.

slides. After a brief drying period of ~15 min, the sections
were heat-fixed to the slide at 37°C. The sections were depa-
raffinized and rehydrated in graded ethanol concentrations.
The prepared slides were stained immunohistochemically by
cytokeratin 7 (CK7), CK5/6, cluster of differentiation 3 (CD3),
CD10, CD15, CD19, CD20, and Bcl-6 according to the
manufacturer's instructions for the kits (Dako Denmark A/S,
Glostrup, Denmark).

Results

No cytology or histology assessments were performed prior to
the surgery. No evidence of carcinoma was observed during
the microscopic study of H&E slides, and the arrangement
of malignant cells indicated lymphoproliferative neoplasms.

Immunohistochemistry (IHC) staining with CK7 and CK5/6
markers confirmed that the tumor did not have an epithelial
nature. Prominent histomorphological characteristics of the
malignant cells are described as follows: Cell sizes were larger
than normal lymphocytes and they had round and elliptical
vesicular nuclei. Nucleoli were often isolated and they were
observed near the nuclear membrane (Fig. 1). The cytoplasm
of the cells was often basophilic and certain anaplastic cells
appeared to be multinucleate and showed the pathological
view of Reed-Sternberg-like cells (Fig. 1). According to histo-
morphological characteristics, the pattern of malignant cells
showed diffuse large B-cell lymphoma (DLBCL), however, the
Reed-Sternberg-like cells view was misleading and could show
a Hodgkin's lymphoma (HL) pattern. In order to determine the
immunophenotype of tumor cells, slides were prepared from
paraffin blocks and subsequently stained with the IHC method
using CD3, CD10, CD15, CD19, CD20 and B-cell lymphoma 6
markers (Fig. 1). IHC results are observed in Table I. In addition,
Ki-67 marker staining showed that cell cycle activity was ~50%
and could reject the possibility of Burkitt's lymphoma (starry
sky pattern was not observed with regards to histomorphology).

With regard to the histomorphological findings and IHC,
the final diagnosis was extranodal-NHL of the DLBCL type
and considering the clinical findings that showed no evidence
of a primary lymphoma having invaded the breast area, the
final diagnosis for this case was canine PBL.

Discussion

As it was indicated, the animal had canine BC of the primary
NHL type. Canine NHL is acommon malignancy (8). However,

Figure 1. Micrographs prepared from canine primary breast lymphoma. (A and B) Micrographs show hematoxylin and eosin-stained slides. Large lymphocyte
cells with vesicular nuclei were observed. The tip of the arrow in micrograph (B) shows Reed-Sternberg-like cells. (C-F) Micrographs show immunohisto-
chemistry staining. (C) Marker CD10 was positive, (D and E) CD19 and CD20 were positive, respectively, and (F) shows the surface marker of Bcl-6 in the

form of scatter. CD, cluster of differentiation, Bcl-6, B-cell lymphoma 6.



this disease comprises a heterogeneous group of canine malig-
nancies and has an extremely varied prognosis (9). The major
cause is attributed to various NHL subtypes. Canine NHL
subtypes were examined with immunophenotyping assess-
ments, and considering their immunophenotyping similarities
and adaptations with human NHL, canine NHL was classi-
fied according to World Health Organization guidelines (10).
DLBCL comprises the most significant group of canine NHL,
as statistics show that 48% of all canine lymphomas belong to
this category (11). Extensive evidence suggests canine NHL
to be a model for human NHL. Following the separation of
canine lymphoma cells, the study by Ito er al (8) cultured and
passaged them and developed a xenograft model. Subsequently,
their molecular profile was examined and it was concluded
that not only is canine NHL morphologically and behaviorally
similar to human NHL, but its molecular changes also mimic
human lymphoma. Pawlak ez al (10) had previously addressed
this theory.

In human DLBCL it is known that tumor growth is rapid
and prognosis is poor (12,13). Bienzle and Vernau (9) stated that
the survival time of canine DLBCL is short, and that similar
to human DLBCL, its prognosis is bad. Using molecular tech-
niques, Richards ef al (11) divided canine DLBCL into two
subcategories. After assessing their survival time, the study
concluded that the course of the disease is similar to human
DLBCL and its prognosis is poor.

Human PBL is a relatively rare form of human BC and
the majority of its types are DLBCL (6). No previous study
of canine breast lymphoma can be found in the databases of
PubMed and Google scholar. However, the histomorphological
characteristics, molecular pathology and clinical data of the
present case confirmed breast lymphoma. Observation of
Reed-Sternberg-like cells may be suggestive of canine HL, but
the surface marker of CD15 was negative. Such a microscopic
view appears to be due to the presence of large inclusion-like
nucleoli in highly anaplastic cells, whereas this surface marker
is positive in >90% of typical Reed-Sternberg cells (14). The
results of the present case report indicate that canine NHL in
the mammary gland area can mimic the properties of HBL.

In general, modeling in the area of oncology research
requires reliable evidence showing that the model is powerful
regarding translational research, as the results of the
pre-clinical phase require extension to the clinical phase (15).
Although reliable scientific communities have suggested xeno-
graft for the pre-clinical phase of the tumor, the canine model
has received increasing attention in oncology research during
recent years (3,10). Three main causes have been cited for this:
Firstly, these tumors are spontaneous, as they were not experi-
mentally induced; secondly, the life of dogs are so that the
clinical course of the disease is extremely well shown and the
disease shifts from early to advance stage. As a result, invasion
and metastasis can be followed in this model. Thirdly, with
regard to the fact that dogs live alongside humans, they are
exposed to the same risk factors and so the course of molecular
changes and genetic mutations can also be studied (4,8,15).

Although no studies of canine breast lymphoma have been
reported thus far, and to the best of our knowledge, this is the
first report of canine NHL in the mammary area of dog, when
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considering previous evidence emphasizing the similarities in
histomorphology, immunophenotyping and clinical course of
canine and human NHL, the theory can be raised that canine
PBL can also be a model for research on human PBL. Performing
case series studies in this area in the future is required. Not
only can canine cancer models be considered a study phase in
pre-clinical research, but they can also be useful for afflicted
dogs, as they may be helpful in developing novel (ethical) treat-
ments and also reduce the suffering caused by canine cancer.
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