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IntrOductIOn

The inflammatory mammary carcinoma (IMC) is the 
clinical-pathological presentation of a local invasion 

and extremely aggressive mammary neoplasia (Peña et al., 
2003). Currently represents one of the biggest challenges 
in veterinary oncology, considering its high metastatic 
potential, hyperacute course, and poor prognosis ( Janni et 
al., 2011). 

In veterinary and human oncology, metastatic disease is 
one of the leading causes of death in patients, especially in 
those with solid carcinomas (Argyle, 2003). In 2002, a new 
model of metastasis was proposed, in which the cancer 
cells acquired metastatic capacity during the initial stages 
of the primary tumor (Rene and Weinberg, 2002). When 
these cells are found in bone marrow (BM), they are called 
disseminated tumor cells (DTCs) (Pantel et al., 1993). 

Previous studies demonstrated that persistent DTCs 
during follow-up in women with a primary diagnosis of 
early breast cancer predicted relapse and death significantly, 
and these observations provide strong evidence for its value 
as a monitoring tool ( Janni et al., 2011; Taylor et al., 2013). 
Finally, a meta-analysis evaluating patients with primary 
breast cancer demonstrated that the presence of circulating 
tumor cells could be associated with poor overall survival 
and biologically more aggressive phenotypes (Zhao et al., 
2011). Cytologic examination of BM is not a routine part 
of staging in veterinary patients with epithelial tumors. The 
micrometastasis presence at the time of diagnosis has not 
been reported as a prognostic tool in veterinary patients. 
This study aimed to evaluate the presence of DTCs in BM 
of dogs with IMC.

For immunohistochemistry, the gelatinized slides containing 
the 4-μm histological sections were deparaffinized in 
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xylol and rehydrated in a progressively diluted alcohol 
series. Antigen retrieval reactions were performed under 
pressurized moist heat (Pascal®) with citrate buffer pH 6.0 
(Dako Cytomation Target Retrieval Solution) at 125ºC for 
2 minutes. After antigen retrieval, the slides were cooled 
for 20 minutes, followed by three 5-minute washes in 
PBS. Peroxidase and endogenous protein blocking were 
performed with three PBS washes between each blocking 
step. Subsequently, all histological sections were coated 
with the primary mouse monoclonal antibody against 
Pan-Cytokeratin (1:500, clones AE1/AE3, Dako North 
America, Carpinteria, California, USA) and incubated in 
a humidified chamber for 16 hours. After the incubation 
period, three PBS washes were performed, and the secondary 
antibody was applied to the histological sections, which 
was followed by washing in PBS, and then the addition 
of the polymer. Colorimetric development was performed 
using diaminobenzidine (DAB) for 3 minutes. Sections 
were counterstained in Harri’s hematoxylin (H-E). All 
reagents from Novo Link Kit (Leica®) were used according 
to the manufacturer’s instructions. For controls were used 
mammary carcinoma samples, and the negative control was 
omitting the primary antibody.

Immunofluorescence staining was performed as previously 
described by Rodrigues et al. (2016). Cells were labeled with 
a mouse monoclonal antibody against Pan-Cytokeratin 
conjugated to Alexa Fluor 488 (1:250, clones AE1/AE3, 
Sigma-Aldrich, Carlsbad, California, USA) overnight at 
4ºC and Hoechst 33258 (1 mg/mL, Life Technologies) for 
1 hour at room temperature. Next, samples were washed 
three times in PBS for 10 min and then mounted with 
Hydromount (Electron Microscopy Sciences). The primary 
antibody was omitted in all negative controls. Images were 
collected using a Zeiss LSM 880 confocal microscope 
(Carl Zeiss, Jena, Germany) using a 40× 1.3 NA oil 
objective lens and a GaAsP detector. Samples were excited 
at 405 nm and observed at 415-480 nm to detect Hoechst 
and at 510-540 nm to detect Alexa 488. The software Zeiss 
Efficient Navigation (ZEN) was used for fluorescence 
analyses and image adjustments according to the negative 
control (Rodrigues et al., 2016). For all negative controls 
were used BM smears from the same dogs (Figure 2).

Four female dogs were clinically diagnosed with 
inflammatory mammary carcinoma at “Serviço de 
Oncologia do Hospital Veterinário da Universidade 
Federal de Minas Gerais (SO-UFMG)” and submitted to 
fine-needle aspiration (FNA) at the moment of the clinical 
diagnostic. All dogs presented the secondary form of the 
disease; they developed the IMC during the recurrence 
of the mammary tumor and also presented metastasis in 
lymph nodes and distant organs. When the dogs presented 
primary mammary neoplasia, they were forwarded to 
surgery. The tumor was removed and sent to “Laboratório de 

Patologia Comparada do Instituto de Ciências Biológicas 
(LPC-ICB) da UFMG” for the diagnostic (Elston, 1991; 
Misdorp et al., 1999; Goldschmidt et al., 2011; Cassali et 
al., 2014). 

The clinicopathological findings are represented in Table 1.

table 1: Inflammatory mammary carcinoma cases 
according to the histological type and grade

The local for the FNA was determined according to the 
size of the patient. In medium and large dogs, the biopsy 
was performed in the sternum manubrium; and in small 
dogs, it was made on the iliac crest. The asepsis and 
anaesthesia were made in the local of the biopsy. It was 
inserted an 18G needle with a 10 mL syringe into the bone 
by pressure and using clockwise and counter clockwise 
movements until it was firmly fixed. The BM aspiration 
was performed, and the material was deposited in slides 
for the squash and Giemsa staining (Taylor et al., 2013). 
The BM microscopic screening method of all samples was 
done, and it was analyzed the presence of epithelial-like 
cells, that is suggestive of DTCs. The presence of these 
cells was observed in four samples of BM (Figure 1A).

Figure 1: Representative Bone marrow photomicrographs: 
(A) Epithelial cell clusters in the smear are compatible with 
DTCs from inflammatory mammary carcinoma (see black 
arrow). Giemsa staining, obj. 10×. (B) Histopathology of 
canine bone marrow with the presence of epithelial cells 
in a cribriform tumor (H-E), obj. 20×. (C) Cytokeratin 
positive staining in epithelial cells present in canine bone 
marrow, counterstained in Harri’s hematoxylin, obj. 20×.

All four dogs in this study died due to the evolution of 
the disease. Concerning overall survival time ranged 
from 3 to 20 days (median 16 days). The necropsy 
was performed in two animals, and BM samples were 
collected to histopathological and immunohistochemistry 
analyses for DTCs (Figure 1B and 1C). The BM samples 
were fixed in 10% neutral-buffered formalin for 48 h, 
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processed by the routine paraffin method, and stained with 
hematoxylin-eosin. The owners of the two other animals 
did not allow the necropsy. The BM squash previously 
performed was used for immunofluorescence (Figure 2). 
Immunofluorescence in bone marrow smear and paraffin-
embedded tissue confirmed the epithelial cells subcellular 
localization with the cytokeratin staining. The number of 
animals, screening methods and the technique used for the 
diagnostic confirmation are presented in Table 2.

table 2: The number of cases, the screening method, and 
the technique used to confirm the DTCs.

Figure 2: Cytokeratin localization confirmed by confocal 
microscopy: (A-B) Immunofluorescence images show in 
green cytokeratin localization in bone marrow smear and 
paraffin-embedded tissue (Scale Bars= 5 and 20 μm). The 
nuclei were stained with Hoechst and are shown in blue. 
The merged images confirm the subcellular localization 
of cytokeratin. (C) Representative image of the negative 
control. Images are representative of what was observed in 
two independent experiments. Scale Bar: 20 μm.

Our study describes the presence of DTCs coming from 
IMC in dogs. Previous studies showed the presence 
of micrometastases in BM in animals with apocrine 
adenocarcinoma of anal sac gland, apocrine carcinoma 

of the skin, and presence of DTC’s in no inflammatory 
mammary neoplasia ( Jaillardon et al., 2012; Taylor et al., 
2013). Some authors suggest that neoplastic cells affinity 
to BM is due to the hematopoietically substances active, 
which make the microenvironment favorable to its survival 
and latency. The presence of these cells in BM in women 
with breast cancer could explain the disease recurrence 
after a long period since standard cytotoxic agents are 
not active in resting cells. After the end of conventional 
chemotherapy treatment, the cells return to activate and 
migrate to new metastatic foci (Hu et al., 2017). 

The presence of DTCs in BM is well established as a poor 
prognostic indicator to free-survival disease and overall 
survival in women’s mammary cancer (Braun et al., 2005). 
We believe that the presence of DTCs in canine IMC does 
not change the prognosis because it is an aggressive and 
hyperacute course disease. Currently, studies are focused 
on the analysis of the DTCs as a clinical monitoring tool 
because of the increased risk of recurrence in patients with 
DTCs in BM. These patients could be benefited from 
additional treatment with adjuvant chemotherapy since 
conventional therapy does not work in these cells (Braun 
et al., 2005; Janni et al., 2011). Therefore, the identification 
of DTCs can lead to new therapeutic approaches to better 
control the disease and overall survival (Ito et al., 2012). In 
veterinary medicine, research related to DTC still scarce 
and insufficient to infer the influence on the prognosis in 
mammary carcinoma in dogs. 

In this study, all animals presented advanced clinical 
staging. Previous work reported the presence of DTCs in 
patients with initial clinical-stage, so further studies are 
needed to establish the importance of DTCs in tumor 
progression. In veterinary medicine, the role of DTCs 
should be investigated in canine mammary neoplasms, 
since they may be an auxiliary, low invasive, and low-cost 
tool for understanding the progression of the disease.

AcKnOwlEdgmEntS

This work was supported by grants from CNPq, FAPEMIG, 
and CAPES. The microscopic data shown in this work were 
obtained using the microscopes of “Centro de Aquisição e 
Processamento de Imagens” (CAPI -ICB/UFMG). 

AuthOrS cOntrIbutIOnS 

All authors contributed to the study conception and 
design. Geovanni D. Cassali, Miriã R. de Oliveira, Tatiany 
L. Silveira, and Michele R. Rodrigues designed the 
experiments and wrote the paper. Miriã R. de Oliveira, 
Tatiany L. Silveira, and Michele R. Rodrigues performed 
the experiments. Geovanni D. Cassali, Rubens A. Carneiro, 



NE  US
Academic                                      Publishers

Advances in Animal and Veterinary Sciences

October 2020 | Volume 8 | Issue 10 | Page 1090

and Gleidice E. Lavalle performed the cytopathological 
data analysis. All authors read and approved the final 
manuscript.

EthIcS APPrOVAl

All procedures performed in studies involving animals 
were following the ethical standards and were approved by 
the Animal Research Ethics Committee of Universidade 
Federal de Minas Gerais, Brazil (n° CEUA 200/2016).

cOnFlIct OF IntErESt

The authors declare that they have no conflict of interest.

rEFErEncES

•	Argyle D (2003). The molecular biology of cancer. In: BSAVA 
Manual of Canine and Feline Oncology. pp. 1–9.

•	Braun S, Vogl FD, Naume B, Janni W, Osborne MP, Coombes 
RC, Schlimok G, Diel IJ, Gerber B, Gebauer G, Pierga 
JY, Marth C, Oruzio D, Wiedswang G, Solomayer EF, 
Kundt G, Strobl B, Fehm T, Wong GY, Bliss J, Vincent-
Salomon A, Pantel K (2005). A pooled analysis of bone 
marrow micrometastasis in breast cancer. N. Engl. J. Med. 
353: 793–802. https://doi.org/10.1056/NEJMoa050434

•	Cassali GD, Lavalle GE, Nardi a. B De, (Ghever C, Sobral 
RA, Amorin RL, Oliveira LO, Sueiro FAR, Beserra HEO, 
Bertagnolli AC, Gamba CO, Damasceno KA, Campos CB, 
Araujo MR, Campos LC, Monteiro LN, Nunes FC, Horta 
RS, Reis DC, Luvizotto MCR, Magalhaes GM, Raposo 
JB, Ferreira AMR, Tanaka NM, Grandi F, Ubukata R, 
Batschinski K, Terra EM, Salvador RCL, Jark PC, Delecrodi 
JER, Nascimento NA, Silva DN, Silva LP, Ferreira KCRS, 
Frehse MS, Di Santis GW, Silva EO, Guim TN, Kerr B, 
Cintra PP, Silva FBF, Leite JS, Mello MFV, Ferreira MLG, 
Fukumasu H, Salgado BS, Torres R. (2014). Consensus for 
the diagnosis, prognosis and treatment of canine mammary 
tumors. Braz. J. Vet. Pathol. 4: 153–180.

•	Elston CW, EIO (1991). Pathological prognostic factors in 
breast cancer. I. The value of histological grade in breast 
cancer: experience from a large study with long-term 
follow-up. Histopathology. 19: 403–410. https://doi.
org/10.1111/j.1365-2559.1991.tb00229.x

•	Goldschmidt MH, Peña L, Rasotto R, Zappulli V (2011). 
Classification and grading of canine mammary 
tumors. Vet. Pathol. 48: 117–131. https://doi.
org/10.1177/0300985810393258

•	Hu Y, Yu X, Xu G, Liu S (2017). Metastasis: An early event in 
cancer progression. J. Cancer Res. Clin. Oncol. 143: 745–
757. https://doi.org/10.1007/s00432-016-2279-0

•	Ito Y, Iwase T, Hatake K (2012). Eradication of breast cancer cells 
in patients with distant metastasis: The finishing touches? 
Breast Cancer. 19: 206–211. https://doi.org/10.1007/
s12282-011-0266-5

•	Jaillardon L, Barthélemy A, Goy-Thollot I, Pouzot-Nevoret C, 
Fournel-Fleury C. (2012). Mammary gland carcinoma in a 
dog with peripheral blood and bone marrow involvement 
associated with disseminated intravascular coagulation. Vet. 
Clin. Pathol., 41: 261–265. https://doi.org/10.1111/j.1939-
165X.2012.00433.x

•	Janni W, Vogl FD, Wiedswang G, Synnestvedt M, Fehm 
T, Jückstock J, Borgen E, Rack B, Braun S, Sommer H, 
Solomayer E, Pantel K, Nesland J, Friese K, Naume B.(2011). 
Persistence of disseminated tumor cells in the bone marrow 
of breast cancer patients predicts increased risk for relapse. 
A European pooled analysis. Clin. Cancer Res., 17: 2967–
2976. https://doi.org/10.1158/1078-0432.CCR-10-2515

•	Misdorp W, Else RW, Hellmen, Lipscomb TP (1999). 
Histological classification of mammary tumors of the dog 
and cat.

•	Pantel K, Schlimok G, Braun S, Kutter D, Lindemann F, Schaller 
G, Funke I, Izbicki JR, Riethmüller G (1993). Differential 
Expression of Molecules in Individual Carcinoma Cells U). 
In the present report, we used. J. Natl. Cancer Inst. 85: 1419–
1424. https://doi.org/10.1093/jnci/85.17.1419

•	Peña L, Perez-Alenza MD, Rodriguez-Bertos A, Nieto A (2003). 
Canine inflammatory mammary carcinoma: Histopathology, 
immunohistochemistry and clinical implications of 21 
cases. Breast Cancer Res. Treat. 78: 141–148. https://doi.
org/10.1023/A:1022991802116

•	Rene Bernards, Weinberg RA (2002). A progression puzzle. 
Nature. 418: 823. https://doi.org/10.1038/418823a

•	Rodrigues MA, Gamba CO, Faria JA, Ferreira Ê, Goes AM, 
Gomes DA, Cassali GD (2016). Inner nuclear membrane 
localization of epidermal growth factor receptor (EGFR) 
in spontaneous canine model of invasive micropapillary 
carcinoma of the mammary gland. Pathol. Res. Pract., 212: 
340–344. https://doi.org/10.1016/j.prp.2015.11.017

•	Taylor BE, Leibman NF, Luong R, Loar AS, Craft DM (2013). 
Detection of carcinoma micrometastases in bone marrow of 
dogs and cats using conventional and cell block cytology. Vet. 
Clin. Pathol. 42: 85–91. https://doi.org/10.1111/vcp.12011

•	Zhao S, Liu Y, Zhang Q, Li H, Zhang M, Ma W, Zhao W, 
Wang J, Yang M. (2011). The prognostic role of circulating 
tumor cells (CTCs) detected by RT-PCR in breast cancer: 
A meta-analysis of published literature. Breast Cancer Res. 
Treat. 130: 809–816. https://doi.org/10.1007/s10549-011-
1379-4

https://doi.org/10.1056/NEJMoa050434
https://doi.org/10.1111/j.1365-2559.1991.tb00229.x
https://doi.org/10.1111/j.1365-2559.1991.tb00229.x
https://doi.org/10.1177/0300985810393258
https://doi.org/10.1177/0300985810393258
https://doi.org/10.1007/s00432-016-2279-0
https://doi.org/10.1007/s12282-011-0266-5
https://doi.org/10.1007/s12282-011-0266-5
https://doi.org/10.1111/j.1939-165X.2012.00433.x
https://doi.org/10.1111/j.1939-165X.2012.00433.x
https://doi.org/10.1158/1078-0432.CCR-10-2515
https://doi.org/10.1093/jnci/85.17.1419
https://doi.org/10.1023/A:1022991802116
https://doi.org/10.1023/A:1022991802116
https://doi.org/10.1038/418823a
https://doi.org/10.1016/j.prp.2015.11.017
https://doi.org/10.1111/vcp.12011
https://doi.org/10.1007/s10549-011-1379-4
https://doi.org/10.1007/s10549-011-1379-4

