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Abstract

Objectives The purpose of this study was to evaluate histopathologic aspects of, and the expression of Ki-67 and
cleaved caspase-3 in, feline mammary carcinoma (FMC).

Methods Feline mammary tumors were surgically obtained by mastectomy from 30 female cats and were fixed
with formalin and embedded in paraffin wax. Four-micron sections were stained with hematoxylin and eosin for
histopathologic diagnosis. Ki-67 and cleaved caspase-3 were analyzed by immunohistochemistry.

Results Samples were histologically confirmed as FMC. Positive immunostaining was observed in all cancer
samples for both nuclear Ki-67 and cleaved caspase-3, with a mean positive staining percentage of 27.5% and
21.2%, respectively. No statistically significant correlations between Ki-67 and cleaved caspase-3 were observed
within FMC.

Conclusions and relevance A high proliferation index was found in feline mammary tumors. This is the first study

evaluating cleaved caspase-3 expression in FMC.

Accepted: 25 January 2016

Introduction

Feline mammary tumors are the third most common
neoplasm described in the female cat.!-* Most mammary
tumors occur in middle-aged to older female cats, with a
mean age of 10-12 years, and are usually malignant.
Siamese cats may be at a higher risk of developing mam-
mary tumors than other breeds.?

Feline mammary carcinoma (FMC) is a locally infil-
trative and metastasizing tumor and has been proposed
as a natural model of aggressive human breast cancer.56
Histopathologic evaluation is not always sufficient to
predict the behavior of feline mammary tumors. In
recent years, new immunohistochemical methods have
been developed for measuring biologic parameters (eg,
cell proliferation, growth factor responsiveness and
presence of proto-oncogene products), which help to
obtain more accurate diagnostic and prognostic informa-
tion.!#7 In feline mammary tumors, immunohistochem-
istry (IHC) has been used to assess the cell proliferation
index by the detection of nuclear proteins associated
with cell division (ie, Ki-67),1%8° and to detect the

expression of other significant biologic markers,!? such
as the tumor suppressor protein p53.5 These studies,
however, did not include cleaved caspase-3.

The process of apoptosis is complex and regulated,
in part, by molecular markers often associated with
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mammary carcinogenesis. An imbalance between cell
proliferation and cell death by apoptosis can contribute
to carcinogenesis and tumor progression.!-13

According to O’Donavan et al,* the marking of cas-
pase-3 can be used to control the response to chemother-
apeutic treatments as a possible drug resistance, where
the decrease of expression may indicate an important
mechanism of cell survival in patients with breast
cancer.

The aim of this study was to evaluate the histopatho-
logic aspects of, and expression of Ki-67 and cleaved cas-
pase-3 in, feline mammary carcinomas.

Materials and methods

This study was approved by the ethics committee for the
use of animals (CEUA, Comissdo de Etica do Uso
Animal) at Fluminense Federal University.

Samples and histologic examination

Thirty mammary tumors from 30 female cats, which had
been submitted to surgery for primary treatment, were
analyzed. The age and breed of the cats were recorded.
Tumor size was measured with a caliper and the macro-
scopic aspects were described.

Tissue samples were fixed in 10% neutral buffered
formalin and were embedded in paraffin. Data regard-
ing tumor size were recorded. Four-micron sections
were stained with hematoxylin and eosin for histologic
examination and were classified according to the World
Health Organization criteria for feline mammary
lesions.!’> Histologic grading of carcinomas was per-
formed according to Misdorp et al,'> based on three
morphologic features: tubule formation, nuclear pleo-
morphism and mitotic index.

All samples were evaluated with respect to tubule
formation, pleomorphy, prominent nucleoli, mitotic fig-
ures, necrosis, inflammatory infiltration, adjacent tissue
invasion and lymph node metastasis.

IHC

Ki-67 and cleaved caspase-3 were analyzed by IHC.
Immunostaining was performed on 2-3 pm sections, cut
from formalin-fixed, paraffin-embedded tissue, using
the streptavidin-biotin peroxidase complex technique
with primary monoclonal anti-Ki-67 antibody (MIB-1,
1:125 dilution; Dako) or polyclonal anti-cleaved cas-
pase-3 antibody (Asp 175, 1:300 dilution; Cell Signaling),
and DAB as chromogen.

The immunostaining of both Ki-67 and cleaved cas-
pase-3 was scored quantitatively in neoplastic epithelial
and mesenchymal cells. The number of brown-stained
positive cells was subjectively evaluated in the most
highly stained area of each tissue by counting 1000 cells
in at least 10 high-powered microscopic fields.
Immunoreactivity was assessed as (-) negative, (+)

when <10% of the neoplastic cells were positive, (++)
when 10-25% of the neoplastic cells were positive,
(+++) when 25-50% of the neoplastic cells were posi-
tive and (++++) when >50% of the neoplastic cells
were positive.1

Statistical analysis

For statistical analysis, SPSS 12.0 for Windows (IBM)
was employed and a P value <0.05 was considered
significant. Kruskal-Wallis and Mann-Whitney tests
were used for comparison between imunoexpressions
and histologic tumor type.

Results

Of the cats evaluated, 60% were Brazilian Shorthair,
23.4% were Siamese, 13.3% were Persian and 3.3% were
Ragdolls. Mean age was 10.43 years.

All histologic analyses revealed moderate pleomor-
phic cellular, prominent nucleoli, mitotic figures and
inflammatory infiltration (Figures 1 and 2). Necrosis was
present in 18 mammary tumors (60.0%).

Twenty-five mammary tumors (83.4%) were classified
as tubulopapillary carcinoma and five (16.6%) were solid
carcinoma. The relationship between the histologic type
and the age of cats was not significant (P = 0.416).

From 30 primary FMCs, 17 were classified as grade I
(56.7%), 12 as grade II (40.0%) and one as grade III (3.3%).
Inadequate surgical margins were revealed in 9/24
cases. Two of these had microscopic invasion into mus-
cular tissue and one had microscopic invasion into adi-
pose tissue. Regional lymph node metastasis occurred in
3/13 (23%) cases.

Expression of Ki-67 in FMC

IHC staining for Ki-67 showed nuclear staining in all neo-
plastic samples, with a mean index of 27.5% (Figure 3). In
some cases, cells expressing Ki-67 only showed nucleoli
labeling. The mean immunostaining of Ki-67-positive
FMC was scored as (+) in six cases (20.0%), (++) in 11
cases (36.6%), (+++) in 12 cases (40.0%) and (++++) in
one case (3.3%).

No relationship was found between Ki-67 count and
histologic type (P = 0.884), or between Ki-67 count and
tumor grade (P = 0.352). However, Ki-67 was significantly
increased (P = 0.001) in FMC with signs of necrosis.

Expression of cleaved caspase-3 in FMC

Cleaved caspase-3 was positive in all neoplastic tissues,
with an immunostaining average of 21.2%. In some
cases, a granular staining pattern was seen (Figure 4),
predominantly found in the cytoplasm. The mean
immunostaining for cleaved caspase-3-positive FMC
was scored as (+) in five cases (16.6%), (++) in 15 cases
(50.0%), (+++) in nine cases (30.0%) and (++++) in
one case (3.3%).
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Figure 1 Feline tubulopapillary mammary carcinoma. Note
moderate pleomorphic cells, prominent nucleoli and mitotic
figures. Hematoxylin and eosin. Bar = 20 pm

Figure 3 Feline mammary carcinoma immunohistochemistry.
Expression of Ki-67. Bar = 20 um

Figure 2 Feline tubulopapillary mammary carcinoma. Note
papillary proliferation. Haematoxylin and eosin. Bar = 20 um

No relationship was found between cleaved caspase-3
count and histologic tumor type (P = 0.407) or between
cleaved caspase-3 count and tumor grade (P = 0.521).
Conversely, a positive correlation between cleaved cas-
pase-3 and necrosis was observed (P = 0.01).

Among feline mammary carcinomas, no statistically
significant correlation between Ki-67 and cleaved cas-
pase-3 expression was observed (P = 0.084).

Discussion

In our study, the Brazilian Shorthair was the most
affected breed. This differs from prior studies, which
showed that the Siamese is the breed most affected by
mammary tumors.>51718 This may be a reflection of
breed distribution in Brazil, where the Brazilian Shorthair
is the most common breed.

Figure 4 Feline mammary carcinoma immunohistochemistry.
Expression of cleaved caspase-3. Bar = 20 ym

All histologic analyses revealed moderate pleomor-
phic cellular, prominent nucleoli, mitotic figures and
inflammatory infiltration. These features classify histo-
logic type and grading.!>1

The histologic classification of mammary samples in
this study showed that tubulopapillary carcinoma was the
most common (46.5%), similar to a study by Dias Pereira
et al,?® who diagnosed tubulopapillary carcinoma in 50%
of feline tumor samples. However, the histologic analyses
of mammary tumors in cats are quite varied among
reports. Some described a higher frequency of solid carci-
nomas (in 62.5%) and 31.8% of cases, but another reported
a higher frequency of tubular carcinoma (31.8%).452

Although most FMCs were grade I, there were cases
with inadequate surgical margins, infiltration into mus-
cular and adipose tissue. FMC is a locally infiltrative and
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metastasizing tumor that has behavior similar to human
breast carcinoma. It has been proposed as a useful model
for developing therapeutic strategies.!62223

IHC staining for Ki-67 showed nuclear staining in all
neoplastic samples, with diversified labeling intensity, as
previously reported by Voros et al.?*

As observed by Hughes and Dobson,! Martins?® and
Zuccari et al,? the pattern of Ki-67 labeling differed
among canine mammary tumors, results also seen in our
study. According to Yu and Filipe,?” this variation can be
explained by the antigen being placed in the nucleolus in
G1, with intensity during the S and G2 phases, reaching
a maximum at mitosis. Throughout the progression from
S to G2, the Ki-67 antigen is closely associated with
chromatin.

The mean Ki-67 index was 27.5%. Other researchers
have shown a Ki-67 index in FMC similar to those seen
in this study (27.4%), and they infer that this index may
correlate with a poor prognosis.!>828

No relationship was found between Ki-67 count and
histologic type, as in other reports,®?° or between Ki-67
count and tumor grade, which differs from a study by
Rasotto et al,> which found a positive correlation between
these factors in feline mammary tumors. This may be
related to a difference on histologic types studied and/
or a variation in the degree of malignancy found. Further
studies are therefore necessary.

Apoptosis can be triggered by external stimuli via
specific cell surface receptors called death receptors, or
by intracellular stress, such as DNA damage or distur-
bances in the cell cycle or metabolic pathways. These dif-
ferent pathways culminate with the activation of
proteases known as caspases, which play a key role in
the cell death process. The caspases are present in the
cytosol in the form of inactive pro-enzymes, becoming
active after proteolytic cleavage.?’

Current evidence suggests that there are several dif-
ferent routes to caspase activation, depending on the
stimulus that triggers machinery death and, in general,
two different apoptosis pathways may be active, via
death receptors and the mitochondrial pathway.3-32 The
death receptors are present on cell surfaces and are acti-
vated in response to the coupling of specific ligands,
which signal aggregation and formation of a complex
inductor of death. The binding of this receptor complex
to pro-caspase-8 results in the activation of this enzyme
by proteolytic cleavage. The caspase-8 can then, directly
or through the mitochondrial pathway, activate cas-
pase-3 (effector caspase). The mitochondrial pathway is
frequently activated in response to DNA damage,
involving mitochondrial membrane permeability alter-
ations and the release of cytochrome c into the cytosol,
which binds to two proteins present in the cytosol,
Apaf-1 and pro-caspase-9, which, in the presence of
ATP, become active. The active caspase-9 (initiator) can

then cleave the subsequent effector caspases (2, 3, 6,7, 8,
9 and 10), performing the process of apoptosis.
Therefore, activation of caspase-9 mediated by
cytochrome c serves as a signal amplification mecha-
nism during apoptosis.3031,33-38

In all cleaved caspase-3-positive neoplastic tissues
evaluated, the staining resulted in diversified labeling
and, in some cases, a granular staining pattern was seen
predominantly in the cytoplasm, which appeared to be
lower than in a previous report, where 65.7% of canine
mammary tumor samples were strongly positive.® This
difference in labeling may be related to differences
among species and to individual variability of the sam-
ples analyzed.

No relationship was found between cleaved caspase-3
count and histologic tumor type, or between cleaved cas-
pase-3 count and tumor grade. This is similar to a human
breast cancer report, which showed that the level of cas-
pase-3 positivity was not related to histologic grade, lymph
node status, recurrence or metastasis.®® Furthermore,
Zapata et al compared the intensity of cleaved caspase-3
immunoreactivity between normal human breast epithe-
lium and invasive human breast carcinoma and found a
stronger staining in the carcinoma samples.*!

Previous studies have already documented that alter-
ations in caspase-3 might promote human tumorigene-
sis.®? In the present study, the immunohistochemical
analysis of cleaved caspase-3 revealed cytoplasmic
labeling in all FMC samples, and the majority of them
showed a high apoptosis index (>30%),?* suggesting a
correlation between cleaved caspase-3 expression and
grade of malignancy. However, no statistical difference
was found.

Among feline mammary carcinomas, no statistically
significant correlation between Ki-67 and cleaved cas-
pase-3 expression was observed. A positive statistical
correlation between the apoptotic index and cell prolif-
eration has been found in human and canine mammary
tumors.34243 Terzian et al found that a high number of
apoptotic cells with a high rate of cell proliferation cor-
related with an unfavorable prognosis for canine mam-
mary tumors.* However, in this study, there was no
correlation between Ki-67 and cleaved caspase-3. This
can be explained partly because, in poorly differentiated
invasive carcinoma, apoptosis is impaired and prolifera-
tion is maintained, suggesting that proliferation-related
mechanisms are of the highest importance.** Also, poorly
differentiated, invasive human breast carcinomas are
often accompanied by an increase in the number of pro-
liferative cells and a decrease in the apoptotic fraction,
which also seems to be important in carcinogenesis and
progression.*® To our knowledge, this is the first study to
observe cleaved caspase-3 expression in FMC. Further
studies should be conducted to confirm the expression
profile of caspase-3 in FMC.
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Histologic and biologic behaviors of human breast
cancer are more similar to feline mammary tumors than
they are to other animal species. Like human breast can-
cers, FMC is spontaneous, locally infiltrative and meta-
static. Moreover, the Ki-67 index in feline tumor samples
suggests a poor prognosis,'>#2428 as is also seen in human
breast carcinoma.* A high apoptotic index resulting from
caspase-3 activation also correlates with a poor prognosis
in human breast cancer. Finally, cleaved caspase-3 expres-
sion could be related to radio- and chemo-resistance in
these cancers. Thus, FMCs may be a desirable animal
model in which to test innovative approaches to diagno-
sis and therapy of these aggressive tumors.

Conclusions

A high proliferation index and a low rate of apoptosis
were found in feline mammary tumors, representative
of what is seen in human breast cancer. This is the first
study to evaluate cleaved caspase-3 expression in
feline mammary carcinoma. Future studies should
include more research on the expression of this apop-
totic protein, as well as others also involved in cellular
apoptosis, and their role in the pathology of feline can-
cer. This would certainly lead to a more accurate
diagnosis.
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