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ABSTRACT. This study searched a rare and aggressive type of cancer
in dogs and humans, the breast carcinosarcoma. Both clinical and
pathological traits of mammary carcinosarcomas in dogs are similar
to humans, such as infrequent occurrence, fast tumor growth, and
unfavorable prognosis when compared to carcinomas. Other possible
alterations include chromosomal abnormalities that can be useful for the
identification of tumoral cells and diagnosis. The aim of this study was to
compare the chromosomal features of peripheral lymphocytes and tumor
cells in a mammary carcinosarcoma of a 14-year-old female Poodle.
Chromosomes were analyzed from 210 metaphases by conventional
Giemsa staining, C-banding, and base-specific fluorochrome staining
with chromomycin A3 (CMA,") and DAPI. Of the 105 blood cells,
56.3% followed the standard karyotype of dogs (2n = 78). In contrast,
the carcinosarcoma cells showed high chromosomal numbers (104
to 153), divided into 80% hypertriploid (118 to 136 chromosomes),
10.5% hypotetraploid (137 to 153 chromosomes), 5.7% hypotriploid
(104 to 116 chromosomes), and 3.8% triploid cells (117 chromosomes).
Among the aneuploid cells identified, we highlighted the trisomy of
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pair 1 and X chromosome once these elements were easily recognized
in karyotype because of their size (pair 1) or differential morphology.
Heterochromatin in normal cells was restricted to the pericentromeric
region of all chromosomes while few C-bands were observed in
tumor cells. This apparent loss of heterochromatin in neoplastic cells
was supposed to favor centric fusion among formerly acrocentric
chromosomes. Fluorochrome staining reinforced this hypothesis once
GC-rich segments (CMA,") were identified on 10 chromosomes from
normal cells (2n = 78) whereas carcinosarcoma metaphases had up to
11 chromosomes bearing CMA, signals in spite of their remarkable
high chromosomal numbers. We concluded that, like in humans, the
carcinosarcoma in dogs caused genome instability that eventually led
to structural and numerical chromosomal aberrations. Besides, this
study reinforced the importance of cytogenetic studies in dogs as a
reference material for human cancer studies, especially in rare cases,
since it is possible to increase knowledge about the characteristics of
breast neoplasms in which there is a little availability of similar cases
for comparative studies.

Key words: Breast cancer; Carcinosarcoma; Chromosomal rearrangements;
Cytogenetic analysis; Polyploidy

INTRODUCTION

The OMS classification (1999) defines as a neoplastic type constituted by the presence
of mesenchymal and epithelial components. This tumor type has infrequent occurrence in
dogs; it features rapid tumor growth and prolonged periods of post-surgical survival (Misdorp
et al., 1999). They are rare tumors in women and have a poor prognosis compared to other
carcinomas (Tokudome et al., 2005). In the dog, the clinical and pathological characteristics
are similar to those described in humans (Cassali et al., 2011).

An epidemiological study conducted in northern Italy during the period 2005-2013
compared to breast cancer incidence in bitches with records of breast tumor incidence in
women from the same region and data published worldwide (Vascellari et al., 2016). It was
noted that in both cases, breast tumor in bitches and women, there is a sharing of several risk
factors and similarities in the incidence rate that validates the use of breast tumor in bitches as
an epidemiological model for breast tumor study in humans.

Additionally, studies with molecular markers present in canine mammary tumors can be
mentioned that allowed dogs as a model for human mammary neoplasias. Zuccari et al. (2012),
using the techniques of immunohistochemistry and qRT-PCR, indicated caveolin-1, a cellular
membrane structural protein, as a potential prognostic marker for canine mammary tumors.
In 2011, using the same techniques, Zuccari et al. (2011) had already evaluated interleukin-8,
chemotactic protein, as a possible prognostic marker for the same tumor type in dogs.

Regarding cytogenetics, more than 62,000 karyotypes of malignancies are listed in
humans (Mitelman Database of Chromosome Aberrations and Gene Fusions in Cancer, 2013).
However, in dogs, the cytogenetic study of tumors is a major challenge because the canine
karyotype is the most complex among domestic mammals (Reimann-Berg et al.,2012). Among
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the chromosomal identification, difficult factors in dogs highlight the high diploid number (2n
= 78) associated with the similarity of size and banding patterns of smaller autosomes (Breen
et al., 2001).

In general, canine cancers are characterized by numerical changes, especially centric
fusions (Devitt et al., 2009). As in solid human tumors, mesenchymal tumors present more
than chromosomal alterations in benign or malignant epithelial neoplasms (Reimann et al.,
1999). Among the different types of numerical changes, the presence of aneuploidy and
centric fusions is the easiest to recognize. However, in dogs, the precise identification of
chromosomal components of these changes is difficult. In the case of alterations diagnosed
in dogs, the aneuploidies related to changes in sex chromosomes are the most frequently
observed numerical and structural changes and rarely described, being almost exclusively
found in neoplastic canine cells (Breen et al., 2001).

A cytogenetic study of 270 solid dog tumors, especially of breast tumors, showed
that the second autosomal pair and X chromosome are the preferred targets of rearrangements
involving numerical and structural abnormalities, respectively (Reimann et al., 1999).
Additionally, chromosome pairs 1, 19, and 25 were preferentially involved in centric fusions.
This study also allows the comparison between canine and human cytogenetics.

Recently, Reimann-Berg et al. (2012) have also revealed the relevance of chromosome
13 in tumor disorders in dogs. These authors claim that this chromosome is high homology
with regions 4 and 8 of human chromosomes that harbor the proto-oncogene c-kit and c-MYC.
Both genes are involved in the development and progression of certain human and canine
tumor diseases.

Additionally, canine mammary tumors share epidemiological, clinical, biological,
and genetic similar to cancer in humans (Misdorp, 2002). In this context, the comparative
cytogenetics will help define genomic regions commonly affected by chromosomal
abnormalities in both species and thereby facilitate the identification of important molecular
changes (Reimann et al., 1999).

Considering this information, this study aimed to compare karyotype of peripheral
lymphocytes and tumor cells from a dog carcinosarcoma. To assess the possible chromosomal
abnormalities, numerical and structural characteristics present in neoplastic cells, conventional
staining methodologies were used, C-banding and staining with base-specific fluorochromes.

Thus, in this study, the cytogenetic findings of canine mammary carcinosarcoma, rare
and aggressive neoplasia compatible with those described in the literature for the same tumor type
in humans, reinforced the similarity argument of breast neoplasms between these two species.

MATERIAL AND METHODS
Animal

A canine female 14-year-old Poodlethat was spontaneously occurring mammary
neoplasia (Figure 1) was used in this study. The animal was attended the Veterinary Clinic
Animal Health in Jequi¢, Bahia, in August 2012. After the clinical diagnosis, the dog received
a surgical indication for breast excision as part of the treatment protocol. The animal received
clinical and laboratory tests as a pre-surgical requirement.

This study was approved by the Ethics Committee on the Use of Animals of the State
University of Santa Cruz, Bahia, Brazil (CEUA/BA), under protocol number 019/12.
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Figure 1. Poodle female dog, 14 years old, affected by the carcinosarcoma breast (A) and an enlarged tumor image
(B). Jequi¢, 2012.

Tumor collection and histopathological analysis

For histopathological characterization, tumor tissue fragments were collected and
fixed in formalin solution immediately after the surgical removal of the tumor. After the
fixation, the material was included in paraffin, the tumor pieces were sliced into sections by
using a microtome, mounted on blades, and stained with hematoxylin-eosin. Following this,
they were examined by a light microscope. The histopathological analysis was performed
in the Laboratory of Pathological Anatomy in the Hospital of Veterinary Medicine of the
University Federal of Bahia.
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Mitotic chromosome retrieval from blood cells and tumor cells

Before the animal was submitted to the surgery, blood collection was performed
for cytogenetic analysis. The cephalic vein was punctured with disposable syringe needle
25x7 mm for removal of 3 mL of venous blood, which was placed in tubes containing the
anticoagulant sodium heparin. The material was kept refrigerated for up to 1 hour, until
arrival at the laboratory for cell culture. About 16 drops of collected blood were seeded in
5 ml of culture medium for karyotype (RPMI 1640 with HEPES, fetal bovine serum and
phytohemagglutinin) under aseptic conditions. The material was incubated in an oven at
38°C for 71horas 30 minutes. The obtaining mitotic chromosomes from lymphocytes culture
followed the protocol described by Moorhead et al. (1960).

Four pieces of the tumor (approximately 1 x 1 x 1 cm) were collected from tumor mass
and conditioned in RPMI 1640 culture medium at 4°C. The material was kept refrigerated until
arrival at cytogenetics laboratory for at most 1 hour. Cytogenetic preparations of mammary
tumor fragments of cells following the methodology described by Morais et al. (2015). The
slides were stained with Giemsa 5% in phosphate buffer pH 6.8 for chromosome count and
karyotype analysis. The analysis of the material for the cytogenetic study was performed in
the Cytogenetic Laboratory at Department of Biological Sciences of the State University West
of Bahia at the Jequié campus.

C-banding technique

C-banding allows the selective visualization of constitutive heterochromatin, specific
regions in which the chromosome presents highly repetitive DNA. This technique allows the
evaluation of polymorphisms involving the just-centromeric region. The C-banding technique
followed the protocol of Sumner (1972), with some modifications, such as hydrolysis in 0.2
N HCI for 9 min at room temperature, treatment with barium hydroxide solution 5% at 42°C
for 20 s, and rapid washing with 0.2 N HCI and incubation in citrated saline 2X SSC at 60°C
for 9 min. After the procedure, the slides were washed in tap water, air dried and stained with
Giemsa 10% diluted in phosphate buffer, pH 6.8, for 8 min.

Triple staining technique (CMA3/DA/DAPI)

The chromomycin A3 fluorochrome (CMA3)/distamycin (DA)/(DAPI) technique,
through the use of base-specific fluorochromes, made it possible to identify heterochromatic
bands by their GC or AT content. In the DNA regions rich in TA bases, stained by the
fluorochrome (DAPI ©), there were few active genes, and in the GC-rich DNAs stained by
the fluorochrome (CMA3"), there were many active genes. The triple staining with CMA3",
DA, and DAPI was performed according to the protocol of Schmid (1980) for detecting the
GC-rich regions (CMA3” or AT bases (DAPI"). Distamycin acts as a competitor to avoid
nonspecific markers of other fluorochromes.

RESULTS

Histological analysis of tumor fragments allowed the tumor classification as a canine
breast carcinosarcoma (Misdorp et al., 1999). The total of 210 metaphases was analyzed
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between the conventional staining techniques, C-banding, and staining with base-specific
fluorochromes.

The total of 105 metaphase cells from peripheral blood lymphocytes and 105
metaphases of neoplastic canine breast carcinosarcoma cells were photographed and analyzed.

The count of metaphase peripheral lymphocytes has enabled modal diploid
identification number 2n = 78 (56.2%) (Figure 2A). The variation of chromosome
number in lymphocytes was 41-77 chromosomes identified in 46 metaphases. However,
most of these (58.7%) had 2n close to the modal for the species (70-77chromosomes).
On the other hand, the neoplastic tissue cells showed higher chromosome number (Figure 2B
and C), in a range of 104-153 chromosomes. These cells showed 80% hypertriploid (118-136
chromosomes), 10.5% hypertetraploid (137-153 chromosomes), 5.7% hypotriploid (104-116
chromosomes), and 3.8% triploid (2n = 117).
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Figure 2. Karyotype of peripheral lymphocytes (A) 2n = 78 and the breast carcinosarcoma metaphases 2n = 128
(B) and 2n = 129 (C).

In addition to euploidy, aneuploid changes were also observed in these canine
carcinosarcoma cells. However, it was not possible to quantify them due to the occurrence
of overlaps and the small size of some chromosomes that did not permit unambiguously to
characterize these structures among the identified aneuploidy, the highlighted trisomy of pair 1
and X chromosome (Figure 3). Still, metacentric and submetacentric chromosomes of different
sizes were identified in tumor cells (Figure 3).
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Figure 3. Cariogram metaphases of breast carcinosarcoma. A. 2n = 130; B. 2n = 134; and C. 2n = 137.
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In the studied samples, C-banding revealed that the chromosomes of normal cells
were present in heterochromatin pericentromeric regions (Figure 4A).
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Figure 4. Lymphocyte metaphases of normal cells (A) and breast carcinosarcoma (B) after C-banding.

On the other hand, few C-band markings were found on tumor cells (Figure 4B).
The results presented by staining with base-specific fluorochromes also reinforced the role
of loss of heterochromatin blocks in tumor metaphase. In the case of normal cells (2n = 78),
segments rich in GC base (CMA3") were found on chromosome 10 (Figure 5A). The breast
carcinosarcoma cells showed up to 11 chromosomes marked with CMA3* (Figure 5B).

Figure 5. Lymphocyte metaphases of normal cells (A) and breast carcinosarcoma (B) after staining with base-
specific fluorochromes. Green signs indicate the regions rich in GC (CMA3").
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DISCUSSION

The canine mammary carcinoma, as well as other types of canine mammary tumors,
has an incidence rate and clinical and epidemiological characteristics comparable to breast
tumors in women (Vascellari et al., 2016). Being unusual occurrence, case reports as the breast
carcinosarcoma canine extend the cytogenetic knowledge in veterinary and human areas. In
this study, we chose to evaluate a larger number of metaphases than conventionally occurs in
cytogenetic studies (Morais et al., 2015); this was due to the difficulty of analysis of the canine
karyotype and because it is a case report of uncommon neoplasm. Thus, the analysis of 105
metaphases from breast tumor tissue allowed us to obtain an unrestricted and reliable result.
Through the metaphase counts of peripheral lymphocytes, an identification of the diploid
modal number (2n = 78) was possible (Figure 2A), with the characteristic pattern coinciding
for the species (Gustavsson, 1964). The observed change in chromosome number in peripheral
lymphocytes showed, however, that the chromosome number of these metaphases remained
close to the modal for the species. This event can be justified by the excessive spreading of
chromosomes or overlap between them due to the high number of diploid in canine, featuring
a technical artifact (Reimann et al., 1999; Breen et al., 2001).

High chromosome numbers of the tumor tissue cells were observed (Figure 2B and
C). Chromosomal metaphase of neoplastic cells showed hypotetraploidy, hypertriploidy,
hypotriploidy, and triploidy. Hypotriploide karyotypes (chromosomes 105-110) were also
identified in a first-pass cell line derived from a primary, spontaneous canine carcinoma
(Else et al., 1982). Stone et al. (1991) reported modal chromosome number 2n = 93 in mast
cell tumors of four canines analyzed, representing 15% of the study of neoplastic cells.
Additionally, numerical change on chromosomes 90-99 was observed in one of the two canine
osteosarcomas studied by Mayr and Eschborn (1991).

Whereas carcinosarcomas and malignancy of breast carcinomas, osteosarcomas, and
mast cell tumors in dogs, it can be inferred that the possibility of polyploidy is a byproduct of
the event. If polyploidy (Figure 3) were related to the malignancy carcinosarcoma, this study
could indicate the aggressive stage of the tumor examined here, since the chromosome number
found was higher than those described above. However, to confirm this suggestion another
experimental study with several samples of canine carcinosarcoma would be necessary.

In humans, it was identified that the breast carcinosarcoma also determines complex
karyotypes with numbers near triploidy from a single stem cell, confirming the monoclonal
origin of tumors (Teixeira et al., 1998). The similarities of numerical changes between
carcinosarcoma in these two species also provide a new confirmation that the findings of
canine cytogenetic tumors can be useful to understand the evolution of cancers in humans.

Trisomy of pair 1 and X chromosome (Figure 3) was the main identified aneuploidy since
these chromosomes can be easily recognized due to the large size or differentiated morphology.
Previous cytogenetic studies also indicate the occurrence of trisomy the first pair in dogs, as
observed in complex tubular adenocarcinoma in the mammary gland of a female dog. In this
study, 90% of the cells had 2n = 79 with trisomy of chromosome 1 (Mayr et al., 1991).

In addition to trisomy X, the presence of more than two submetacentric chromosomes
in breast carcinosarcoma cells might result from the fusion of acrocentric chromosomes in
triploid cells and hypertriploids. Still, they had identified metacentric and submetacentric
chromosomes of different sizes in tumor cells (Figure 3), suggesting the presence of tetraploid
cells that had initially reduced chromosome number (hypertriploid metaphases) due to the
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occurrence of pericentric inversion or fusions.

This hypothesis is less parsimonious because it would involve more steps (polyploidy,
mergers, and investments), but it cannot be ruled out. Furthermore, cytogenetic studies in dog
mast cell cells revealed increased number of metacentric chromosomes and loss of chromosome
X (Stone et al., 1991), while cases of canine osteosarcoma showed structural changes with
several centric fusions (Mayr et al., 1991). Thus, high-resolution banding should be performed
to confirm that changes have occurred in cancer cells beyond the numerical changes.

Using techniques of molecular cytogenetic and molecular biology to provide a more
detailed analysis of cytogenetic abnormalities in canine tumors, a study with two fibrosarcomas
in female Labrador identified deletion on chromosome 11 and trisomy of chromosome 30 in
both cases, beyond the evidence of the involvement of the TGFBR1 gene. In that study, the
cytogenetic description was possible through the unequivocal and complete assignment of all
chromosomes, including translocation of chromosomes, as well as partial characterization at
the molecular level (Sargan et al., 2005).

However, a much larger number of tumors must be assessed in this way to elucidate
in more detail the relationship between karyotypic alterations, tumor behavior, the prognosis
in dogs, and to provide a further understanding of the corresponding value of sarcomas in
canines for human medicine (Sargan et al., 2005).

For example, using techniques of molecular cytogenetics, Thomas et al. (2009) tested
the hypothesis of an association between breed and the distribution of the number of copies of
genomic imbalances in dogs. These authors suggested that Golden Retriever and Rottweiler
dogs diagnosed with appendiceal osteosarcoma with natural occurrence harbor recurrent
cytogenetic changes, which are evolutionarily consistent with those reported in humans.

Unfortunately, this level of refinement of the karyotype analysis is still rarely found
in cytogenetic dogs. However, while other bandings are necessary for a better understanding
of the chromosomal behavior in the canine carcinosarcoma, conventional methods are also
informative, as shown in this study.

The C-banding technique performed in metaphases of peripheral lymphocytes
showed the presence of heterochromatin in pericentromeric regions of chromosomes, as in
most species (Guerra, 1988) (Figure 4A). However, in the studied tumor cells, few C-band
markings were found (Figure 4B).

In this sense, the similar use of C-banding may show more subtle chromosomal
rearrangements as gains or losses in heterochromatic regions (Kasahara, 2009).

On the other hand, few C-band markings were found in tumor cells (Figure 4B), while
surplus the chromosome number. Thus, the banding data indicate that C loss of heterochromatic
segments occurred in cancer cells, which favors the occurrence of centric fusions between
formally acrocentric chromosomes (Imai, 1991; Wichman et al., 1991).

The loss of heterochromatin blocks in metaphase chromosomes of the tumor was also
observed by staining with base-specific fluorochromes, showing almost the same number of
markings both in metaphase spreads of normal cells and neoplastic cells. Unlike what was expected,
because the breast carcinosarcoma cells showed a markedly high diploid number (Figure 5B).

Together, these data demonstrate that carcinosarcoma in dogs is characterized by high
genomic instability, determining karyotypes with different structural and numerical changes in
the same way as in humans (Teixeira et al., 1998).

Such changes should lead to an imbalance between oncogenes and suppressor genes
associated with this tumor type. This study reinforces the premise of the association between
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the findings in canine and human tumors. Consequently, the expansion of data on cytogenetics
of canine cancer can bring benefits to the diagnosis and prognosis of disease for both species.
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