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Mammary Lipid-Rich Carcinoma with Extensive Amyloid Deposition in a Dog
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ABSTRACT. A 6-year-old female Labrador retriever presented with a mass in the right mammary gland, and swollen right inguinal and
axillary lymph nodes. Fine needle aspiration biopsy suggested a malignant lipid-producing tumor, such as liposarcoma. Histopatho-
logically, the neoplasms were solid, lobulated nests of atypical epithelial cells with a large amount of extracellular deposits of amyloid
in both mammary gland and lymph nodes. The proliferating cells contained large cytoplasmic vacuoles, positive for oil red-O. These
cells were immunopositive for cytokeratin (AE1/AE3) and B-casein and negative for SMA. The amyloid deposits were immunoposi-
tive for B-casein. These findings suggested that the proliferating cells secreted -casein forming amyloid deposits. This is the first
report of mammary lipid-rich carcinoma with extensive amyloid deposition derived from B-casein.
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Lipid-rich carcinoma is a malignant mammary gland
tumor characterized by neoplastic cells with abundant
vacuolated cytoplasm containing a large amount of neu-
tral lipid [3]. According to the World Health Organization
(WHO) tumor classification system of domestic animals,
this type of tumor is extremely rare and classified into
special types of mammary tumors, which may be found
in younger bitches [4]. There have been several reports of
canine, feline and Djungarian hamster cases of the tumor
[2—4, 11]. Human lipid-rich carcinoma is also a rare breast
cancer and is classified as lipid-secreting carcinoma, a spe-
cific histological type of breast carcinoma according to the
2003 WHO classification [1]. Human lipid-secreting car-
cinoma is characterized by the morphology of extensive
ductal carcinoma, the neoplastic cells of which are abun-
dant in foamy lipid cytoplasm, and by a more aggressive
clinical course and a worse prognosis than other types of
breast cancer [6].

Localized amyloidosis associated with canine mamma-
ry lipid-rich carcinoma has been reported previously and
the histochemical and ultrastructural characteristics of the
amyloid were described [8].

In the present case, a 6-year-old intact female Labrador
retriever presented with a mass (2 x 1.3 x 1.4 ¢cm) in the 3rd
mammary gland and swollen right axillary and inguinal
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lymph nodes. Fine needle aspirates from the mass lesions
presented aggregates of cells with atypical round nuclei
and various amounts of lipid-like vacuoles in the cyto-
plasm. Although these cells had slight cellular adhesion, a
lipid-producing malignant tumor such as liposarcoma was
suspected based on the finding of lipid-like vacuoles in the
cytoplasm.

The mammary mass and lymph nodes were surgically
excised and ovariohysterectomy was also performed.
Grossly, the neoplastic mass was grayish white, soft and
poorly circumscribed. On the cut surface, poorly defined
multiple foci were observed. Normal structures of the
mammary gland and lymph nodes were replaced by the
lesion.

The excised masses were fixed in 10% neutral-buffered
formalin, embedded in paraffin and sectioned at 2 um
for hematoxilin and eosin (HE) staining and immuno-
histochemical staining and sectioned at 4 um for Alcian
blue-periodic acid Schiff (PAS) staining and Congo red
staining. After deparaffinization, sections were stained
with HE. Histochemical and immunohistochemical stains
were used for further characterization of phenotypes of the
neoplastic cell population and the nature of extracellular
deposits. PAS staining and Congo red staining with and
without 5% potassium permanganate pretreatment were
performed using paraffin sections. Oil red-O staining was
carried out using formalin-fixed 15 ym frozen sections.

Histopathological examinations of the lesions revealed
that atypical tumor cells were arranged in a tubuloacinar
pattern forming various sizes of nests in both mammary
gland and lymph nodes. Individual cells contained a mod-
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Fig. 1. Mammary gland; dog, The foci of neoplastic cells compressed normal mammary glands. HE. stain-

ing. Bar: 50 um.

Fig. 2. Mammary gland; dog, Neoplastic cells contained variously sized vacuoles, which compressed the
nucleus to the periphery, and a large amount of extracellular amorphous eosinophilic material was seen.

HE. staining. Bar: 50 um.

Fig. 3. Mammary gland; dog. Extracellular amorphous eosinophilic material was stained with Congo
red (a). The materials had green birefringence under polarized light (b). Bar: 100 zm.

Fig. 4. Mammary gland; dog. Cytoplasmic vacuoles were stained with Oil Red-O. Bar: 100 gm.

Fig. 5. Mammary gland; dog. Vacuolated neoplastic cells were positive for anti-cytokeratin. Immunohis-
tochemistry, diaminobenzidine chromogen, Mayer hematoxylin counterstain. Bar: 50 um.

Fig. 6. Right axillary lymph node; dog. Neoplastic cells and extracellular eosinophilic materials were
positive for B-casein. Immunohistochemistry, diaminobenzidine chromogen, Mayer hematoxylin coun-

terstain. Bar: 100 um.

erate to abundant eosinophilic cytoplasm with variable-
sized, distinct, round and clear vacuoles, which compressed
the nucleus to the periphery (Figs. 1 and 2). Large amounts
of homogeneous eosinophilic materials were scattered mul-

tifocally in the stromal areas of the neoplastic lesions (Fig.
2). The extracellular eosinophilic materials were weakly
positive for PAS. These materials were intensely positive
for Congo red with and without 5% potassium permanga-
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nate pretreatment (Fig. 3a). In addition, they had a green
birefringence under polarized light (Fig. 3b). Cytoplasmic
vacuoles of the neoplastic cells were negative for both PAS
and Alcian blue, but strongly positive for oil red-O (Fig.
4). These histochemical profiles confirmed the presence of
lipid in the cytoplasmic vacuoles of the neoplastic cells.

Immunohistochemical staining, using anti-human cyto-
keratin (clone AE1/AE3), anti-vimentin, anti-human smooth
muscle actin, anti-human k-light chain, anti-human A-light
chain (all purchased from Dako A/S, Copenhagen, Den-
mark), anti-human (-casein and anti-human a-lactalbumin
(both purchased from Santa Cruz Biotechnology, Santa
Cruz, CA, U.S.A)), was performed on paraffin sections us-
ing the Dako EnVision system. Sections of canine normal
lymph node and mammary gland were used to verify the
availability of antibodies used. As antigen retrieval, the de-
paraffinized sections were autoclaved in citrate buffer (pH
6.0) at 121°C for 15 min. As a result, neoplastic cells were
positive for cytokeratin and B-casein (Figs. 5 and 6) and
negative for vimentin and SMA. Since neoplastic cells were
epithelial origin, liposarcoma was ruled out. The amyloid
deposits were immunopositive for B-casein (Fig. 6), but
negative for others. Staining properties of the neoplastic
cells and the amyloid were identical between the neoplastic
foci of the mammary gland and the lymph nodes. On the
basis of these findings, the case was diagnosed as mamma-
ry lipid-rich carcinoma with extensive amyloid deposition.
The dog was accordingly treated with doxorubicin once a
week for 4 weeks after the complete surgical excision of the
mass and lymph nodes. Six months after the surgery, the
dog was clinically healthy with no signs of local recurrence
or metastasis.

Immunohistochemical analysis revealed that the present
mammary tumor and its metastatic lesions in the lymph
nodes consisted of simple proliferation of lipid-rich glan-
dular epithelial cells without a myoepithelial cell com-
ponent. Since both neoplastic cells and amyloid deposits
were immunopositive for anti-f-casein, the neoplastic cells
might have a prominent ability to secrete the protein, and
finally produce amyloid deposits. The presence of B-casein-
derived amyloid in canine lipid-rich carcinoma has never
been reported previously.

The canine milk proteins mainly consist of a-, B-,
k-casein and B-lactoglobulin, which are produced by mam-
mary epithelial cells [5]. The cells produce casein proteins
even when animals are not in a lactating condition. The am-
phiphilic nature of B-casein is responsible for easily chang-
ing the protein structure and/or conformation between hy-
drophobic and hydrophilic phases [9]. It is also reported that
in vitro homocysteinylation of casein lysyl residues induces
an increase in beta-sheet content, which in some cases may
be characteristic of amyloid-like transformation [7]. In the
present case, it is considered that neoplastic cells produced
an excessive amount of f-casein and the local environment
caused a conformational change and an increase in beta-
sheet content in casein, and finally those casein proteins
aggregated as amyloid.

Taniyama et al. reported a case of amyloid-producing

mammary adenocarcinoma characterized by a papillary,
tubular and partly solid pattern of proliferation [8]. They
indicated that amyloid consisted of a-casein. Amyloid de-
posits were not observed in metastatic lesions. In contrast,
amyloid in the present case contained B-casein, and amy-
loid deposits were also observed in the metastatic lesions
of the lymph nodes. Together with the previous and present
studies, amyloid proteins in canine mammary gland tumors
are casein proteins.

There are two theories regarding the origin of lipids in
lipid-rich carcinoma: neoplastic cells produce and secrete
them, or they are the result of degenerative change [10].
In this case, since lipid droplets existed in the cytoplasm
of neoplastic cells uniformly and were found also in the
metastatic lymph nodes, these lipids are not likely to be
the result of degenerative change, but the neoplastic cells
themselves might have produced them.
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