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Abstract

Background: Several animal models, including dogs, have been useful to compare the pathogene-
sis of mammary neoplasm in humans, showing biological parallelism in the growth and develop-
ment of breast cancer. The causes of cancer could be attributed to change in several tumor sup-
pressor genes. The relationship between molecule associated to senescence and clinical prognosis
of patients affected by mammary cancer is little known. Beyond a collection of data, the major in-
terest of the present study was to carry out a clinical follow-up of patients affected by these tu-
mors, through association with new molecular markers by immunohistochemical technic. Upon
completing the study, 15 patients survived, while 45 died. In the case of malignant neoplasms, 40
patients died because of the illness. The type of surgery most used by veterinarian surgeons was
the simple lumpectomy, followed by the regional mastectomy. Sentinel node was removed by sur-
gery only when clearly affected. Result: Markings against steroid hormones were positive. Re-
garding the markings against HER2 and Ki-67, they were negative in all cases. The markings
against P53 and CD31 were all positives. Markings against molecules associated with cellular se-
nescence were all positives. No statistical differences were found in immunomarcation for the dif-
ferent antigens used as clinical prognosis factors in mammary neoplasms. Conclusions: According
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to the study conditions, the survival of patients affected by breast tumors is directly related to di-
agnosis and malignancy histological grade, but not to animal breed, number of affected glands or
patient reproductive status. On the other hand, immunohistochemical markings were not related
to the patient prognosis. For this reason, it is important to highlight the persistance of a high per-
centage of mammary neoplasm cases clinically diagnosed with poor results on patient survival.
Thus, educating owners and veterinarians for using diagnostic available tools to improve the
prognosis after surgical animals affected by breast cancer is quite necessary.
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1. Introduction

Mammary neoplasms are common in female canine, representing up to 82% of tumors affecting reproductive
tract of bitch [1] [2]. Similarly, in humans, malignant tummors cause the death of approximately 300,000 wom-
en per year, and the rate of incidence increases [3] [4]. Several animal models, including dogs, have been useful
to compare the pathogenesis of this disease in humans, showing biological parallelism in the growth and devel-
opment of breast cancer. Likewise, some coincidences related to epidemiological, morphological, clinical, pa-
thological, and biochemical features, as well as to the response to chemotherapeutic and surgical treatment, have
been reported [5]. Once determined by sequencing the close likeness between canine and human genome, dogs
have emerged as an attractive alternate for cancer research [6].

The causes of cancer could be attributed to change in tumor suppressor genes such as p53 and PTEN protein
[7] [8], to oncogene activation [9] [10] and hormonal disorders [5] [11] [12]. In addition, as is well known, sur-
vival time in dogs with malignant mammary tumors is lower when compared with those affected by benign tu-
mors [13]. Treatment of a malignant tumor usually involves surgery. However, because of metastases, a major
complication of malignant neoplasm due to common location in regional lymph nodes and lungs, chances of
surgical success are directly related to the earlier diagnosis [14] [15].

To prognosis, a group of molecules called tumor markers allows visualizing small changes of proliferative
disorders in cancer. The tumor proliferative activity in tissue is determined by the fraction of malignant growth
and the cell cycle time. Ki-67 is a molecule associated with a high proliferative activity, which serves to indicate
the potential of malignant neoplasia, and therefore to determine the limited time of patient survival [16] [17]. By
flow cytometry, Ki-67 expression has been shown in all phases of the cell cycle, except Gy, displaying its max-
imum value in prophase and metaphase [18]. Immunohistochemical identification of Ki-67 allows analyzing a
greater number of cells, when compared with mitotic figure counting as only parameter to be useful in prognosis
of patient survival suffering from cancer [17].

Likewise, P53 is a gene encoding a 53 kDa protein, which is part of so-called tumor suppressor proteins. In
other words, P53 is capable of inducing cellular apoptosis in biologically favorable situations [19]. In case of
tumoral tissues, mutant p53 protein over-expression is observed. For recognition of p53 different epitopes, mo-
noclonal antibodies (PAb240, PAb421) have been widely used in fixed and kept tissue in paraffin. Its applicabil-
ity has been useful predicting the possible increased malignant potential and poor prognosis in canine mammary
tumors [20] [21].

HER?2 protein is a gene produced by a specific proto-oncogene. When presented in an excessive amount, this
gene induces cells to grow faster than normal speed, thus contributing in the appearance of cancer. Cancer cells
have on their surface between 10 and 100 times more HER2 receptors than normal, and both multiply in the
same proportion [22] [23]. By FISH (fluorescence in situ hybridization), HER2 receptor magnitude can be ana-
lyzed in a tumor tissue sample. The result is considered positive when at least 10% of tumor cells exhibit a com-
plete and intense staining of their membranes. HER2 positive patients have a lower percentage of response to
standard treatment (chemotherapy and hormonal therapy) than negative patients [24] [25].

On the other hand, cell cycle regulation for normal tissues proliferation is based on a complex network in-
volving cyclin dependent kinases (CDKSs) and their inhibitors (CDKIs) through two main pathways of regulation:
p53 and Rbl [26]. Among the CDK inhibitory proteins are p16, p21 and p2. Its inhibition over CDK2, CDK4
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and CDKG6 (involved in early G1 phase of the cell cycle) makes cells to enter at senescence, or an aging step,
what is optimal for attacking cancer cells [27]. Several studies have been done by testing the expression of mo-
lecules associated with prognosis in malignant mammary neoplasms [28]. However, the relationship between
molecule associated to senescence and clinical prognosis of patients affected by mammary cancer is little known.
Likewise, sufficient studies to describe the expression of androgen receptors in canine mammary tumors have
not been found.

Beyond a collection of data, the major interest of the present study was to carry out a clinical follow-up of pa-
tients affected by these tumors, through association with molecular markers. This allowed the establishment of a
preliminary data set, also of the differences among the biological behavior of mammary neoplasms in canines
around the world.

2. Materials and Methods
2.1. Animals

This study was approved by the Ethics Committee on Animal Experimentation of the Faculdade de Medicina-
VeterinariaUniversity of Caldas, Manizales, Colombia. Was madea descriptive study, with 60 samples of canine
mammary neoplasms, diagnosed by the Animal Pathology Laboratory of University of Caldas (Colombia,).The
samples were taken from the female dog with mammary neoplasms. Samples were processed by immunohisto-
chemistry for molecular indicators of cellular senescence, and clinical prognosis markers at Laboratory of Inves-
tigative and Comparative Pathology (FMVZ-UNESP), Sao Paulo, Brazil. In those patients subjected to surgery
(lumpectomy, mastectomy and radical mastectomy regional), neoplastic mass size, clinical evidence of the re-
gional lymph node lesions (axillary, inguinal and popliteal), and radiographic rating for presence of metastases,
similarly as suggested by WHO [29], were reviewed. A follow-up of survival after surgery was done. From re-
turning patients to the hospital, postoperative complication, subsequent treatments, tumor recurrence, survival
time, and causes of an eventual death, were monitored.

At the end of the study, a cut point was undertaken to review the clinical histories to determine whether ani-
mals were still alive. Between 6 and 36 months after the surgery, a telephone contact with some owners was
made in order to check the patient status. In surgical patients (lumpectomy, mastectomy and radical mastectomy
regional) neoplastic mass size, clinical evidence of regional lymph node lesions (axillary, inguinal and popliteal),
and radiographic rating for metastasic presence, similarly suggested by WHO [29], were checked. No case was
diagnosed by cytology or biopsy. Because surgeons were not the same performing the procedures, results were
not included and, therefore, techniques were not standardized.

2.2. Immunohistochemistry Procedure

The immunohistochemistry labeling included antibodies against esteroid hormone receptors (estrogen, proge-
sterone, and androgen), molecule indicators of cell proliferation/suppression (Her-2, Ki-67, P 53), neovasculari-
zation indicators (CD-31) and molecules associated to apoptosis (P21, P16 and P27).

Blocks containing fragments of canine mammary gland were cut, processed by routine technique H&E, and
classified according to the diagnostic system proposed by Cassali et al. [30]. The Immunohistochemistry tech-
nique for detection of molecules associated to prognosis of canine mammary cancer was done according to the
standard in the Laboratory of Investigative and Comparative Pathology (FMVZ/UNESP) [31].

Details of reagents used are listed in Table 1. As positive controls, archived blocks were used. For those first
tested, cited literature recommendations in Table 1 were used.

As a negative control for all reactions, the addition of primary antibody was omitted, and replaced byTRIS
buffer pH 7.4.

2.3. Statistic Analysis

The results of immunostaining were obtained in qualitative terms of positivity, and grouped into frequencies.
Positive cases were compared by means of a Student’s t test (e = 0.05). Data were analyzed using Microsoft
Excel® program 2008 for Mac, version 12.0 (071130). A correlation analysis (a = 0.05) between clinical and
histopathological variables allowed to compare them to determine the existence of indicators of clinical progno-

SIS.
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Table 1. List of antibodies used to detect indicators of clinical prognosis associated with mammary gland tumors in dogs.

Primary antibodies Detection system Type Dilution Reference
Anti Estrogen Receptor Avidin-biotin immunoperoxidase Mouse 1:50 Manee-in et al. [29]
9 P P Monoclonal ’ '
Anti Avidin-biotin immunoperoxidase Mouse 1:100 Manee-in et al. [29]
Progesterone Receptor Monoclonal
Anti S . Rabbit .
Androgen Receptor Streptavidin-biotin-complex peroxidase Policlonal 1:15 llleraet al. [33]
Anti p53 Streptawd|n—b|_ot|n—comp|ex Mouse 150 Kanavaros et al. [27]
Peroxidase Monoclonal
. . - . Rabbit . ]
Anti-HER-2 horseradish peroxidase-conjugated - « 1:100 Bertagnolli et al. [34]
Policlonal
S . . . Mouse .
Anti Ki-67 Alkalinephosphatase/anti-alkaline phospatase 1:20 Kanavaros et al. [27]
Monoclonal
Anti-CD31 Avidin-biotin immunoperoxidase Mouse 1:100 Kanavaros et al. [27]
P Monoclonal ' '
. . . . Mouse B A A, 1. MacNeil et al. [35]
Anti-p16, p21, p27 Horseradish peroxidase-conjugated Monoclonal 1:50; 1:100; 1:50 Kanavaros et al. [27]

“Anti human c-erbB-oncoprotein

3. Results

During the study period, 60 neoplasms were diagnosed, of which 55 (91.7%) were classified as malignant, and
five (8.3%) as benign. In general terms, there were 31 cases (51.7%) diagnosed as complex carcinoma, eight
cases (13.3%) as carcinoma in mixed tumor, cases (10.0%) as papillary carcinoma, and the 15 remaining cases
(25.0%) with other diagnoses, majorly malignant. Details of each diagnosis can be seen in Table 2. Regarding
benign neoplasms, largest presentation belonged to three mixed tumors. In addition, there were two cases, one of
simple adenoma, and other of tubular adenoma.

Upon completing the study, 15 patients (25%) survived, while 45 (75%) died. In the case of malignant neop-
lasms, 40 patients died because of the illness. Conversely, in benign neoplasms, none of the five animals sur-
vived, but the death cannot attribute to causes related to the neoplastic process. Because the surgical procedures
were performed at different times, the cases varied over time of clinical follow-up for postoperative survival,
between 6 and 36 months (see Table 3). One female canine affected by a malignant neoplasm reached 38
months of post-surgical survival, even though, this patient died at final of the study.

Concerning the 40 patients dying by malignant neoplasms, 10 were euthanized at surgery (assuming cancer
complication), 21 (52.5%) survived less than 6 months, 7 (17.5%) lived between 6 months and one year, and 2
of them were alive for 22 and 38 months, respectively, both with diagnosis of complex carcinoma.

About lesion distribution, 33 cases (55.0%) were affected only in a mammary gland (including the five benign
neoplasms), while 19 cases (31.7%) had simultaneous lesion in two or more mammary glands. Eight cases
(13.3%) had no data. On the other hand, twenty-four cases were classificated as small lesions (between 0 - 3 cm),
including all benign neoplasms. Six female canine with small malignancies stayed alive (with until 36-month
postoperative survival), and one died 38 months after surgery. For tumors whose sizes were between 3 and 5 cm,
(all malignant), nine animals were alive at the time of the research completion. For group affected by every ma-
lignant lesions larger than 6 cm, all died at different times after surgery.

The type of surgery most used by veterinarian surgeons was the simple lumpectomy, followed by the regional
mastectomy. Sentinel node was removed by surgery only when clearly affected. All female canine affected by
benign neoplasms were spayed between the second and fourth year of age. In the same way, for animals affected
by malignant neoplasms, seven patients were spayed prior to surgery for tumor extirpation (between 1 and 60
months), two patients on the day of mastectomy (dying 3 months after the procedure), and another patient a
month after the mastectomy. Fifteen patients remained intact, while obtaining data from the rest was not possi-
ble. In general, the ages of the sick female canines ranged between 5 and 15 years. The mean age of benign tu-
mor appearance was 10.8 years, and for malignancies was 12.7 years.
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Table 2. Benign and malignant mammary neoplasms in female canines with clinical follow-up of post-surgical survival.

Clinical follow-up”

Diagnostic Total
Live Death

Complex carcinoma 9 22 31
Carcinoma in mixed tumor 3 5 8
Intraductual carcinoma 1 0 1
Papillary carcinoma 1 5 6
Simples carcinoma 0 3 3
Solid carcinoma 0 1 1
Tubular carcinoma 0 2 2
Tubular papillary carcinoma 0 1 1
Carcinosarcoma 1 1 2
Benign mixed tumor 0 3 3
Simples adenoma 0 1 1
Tubular adenoma 0 1 1
Total 15 45 60

“Between 6 and 36 months, after surgery.

Table 3. Time of postsurgical survival in male canine with malignant mammary tumors (analysis of 15 cases).

Case No. Diagnostic Breed Age” Time™
33 Carcinoma in a mixed tumor Labrador 85 05
32 Carcinoma in a mixed tumor Poodle 14 0.6
19 Complex Carcinoma Pit bull 7 0.7
38 Complex Carcinoma Poodle 9 0.7
21 Complex Carcinoma Mixed breed 12 0.7
20 Complex Carcinoma Poodle 12 0.7
13 Complex Carcinoma Mixed breed 8 0.8
14 Complex Carcinoma Cocker spaniel 9.5 0.8
4 Complex Carcinoma Poodle 13 0.8

5 Intraductual Carcinoma Poodle 14 0.8
9 Complex Carcinoma Poodle 15 0.8
40 Carcinosarcoma Mixed breed 10 12
34 Carcinoma in a mixed tumor Poodle 11 24
35 Complex Carcinoma Labrador 10 36
37 Papillary Carcinoma Poodle 13 36

“Age in years at the time of enter to surgery; " Survival time in years after surgery (female canines who survive at the time of completing the survey).
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Immunohistochemistry Marking

Markings against steroid hormones were positive. Some cases seemingly showed stronger markings; however,
labeling pattern to allow comparisons of these findings was not found. Likewise, no statistically significant dif-
ference, either to compare the benign and malignant cases or to associate the diagnosis between dead or alive
canines after surgery, was established. Regarding the markings against HER2 and Ki-67 (cell proliferation), they
were negative in all cases (some cases apparently resulted with positive staining, being ignored by the staining
intensity or the amount of tissue involved). In adittion, no statistically significant difference, either to compare
benign and malignant cases or to associate diagnosis between dead or alive patients after surgery, was obtained.
The markings against P 53 (tumor suppressor) and CD31 (neovascularization) were all positives. Morover, there
was no statistically significant difference, either to compare benign and malignant cases, or to link diagnosis
between dead or alive individuals after surgery. No statistical differences were found in immunomarcation for
the different antigens used as clinical prognosis factors in mammary neoplasms. On the other hand, many dif-
ferences among other clinical variables such as race, type of histopathological diagnosis, reproductive status and
age were found. However, as spoken in the discussion, the approach of research does not allow taking into ac-
count these differences, since other variables interfering with the results were not controlled.

Finally, markings against molecules associated with cellular senescence (apoptosis) were all positives and,
again, some seemed to have cases with stronger markings (See Figure 1). Nevertheless, as been said, a labeling
pattern allowing comparisons of these findings was not assesed. As has been confirmed, there is no statistically
significant difference, either to compare the benign and malignant cases, or to associate between dead or alive
specimens after surgery. This allows concluding about its predictive value in the prognosis of cases.
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Figure 1. (A) Female canine affected by malignant mammary neoplasia. The upper left box shows the chest radiograph
(with metastase) as part of the clinical evaluation. In the upper right frame, the sentinel lymph node metastasis visibly
lesioned (obtained at necropsy); (B) Histopathological image of a breast carcinoma metastasis to lung, hematoxylin and
eosin staining. In the following images, at upper left of each box, its positive control is observed; (C) Immunohisto-
chemical marker against CD31 receptor, Bar = 50 um; (D) Immunohistochemical marker against Estrogen receptor,
Bar = 50 um; (E) Immunohistochemical marker against Progesterone receptor, Bar = 50 um; (F) Immunohistochemical
marker against Androgen receptor, Bar = 50 um; (G) Immunohistochemical marker against Ki67 receptor, Bar = 50 um;
(H) Immunohistochemical marker against P53 receptor, Bar = 50 um; (I) Immunohistochemical marker against Her-2
receptor, Bar = 50 um; (J) Immunohistochemical marker against P21 receptor, Bar = 50 pm; (K) Immunohistochemical
marker against P16 receptor, Bar = 50 um; (L) Immunohistochemical marker against P27 receptor, Bar = 50 um.
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4. Discussion

In this group of dogs with mammary cancer, tumor size, histological pattern and intravascular growth had more
impact in the study of the aspects related to prognostic factors. However, at last, no statistical significance
among analyzed patients was found. The determination of sentinel lymph node status was not possible by in-
adequate clinical case management. In fact, concerning veterinary activity around the world, a deficit in this re-
gard is well known. Nevertheless, when examining the possibility of interrelationship between these factors, a
multivariate analysis in stages was performed in order to identify independent prognostic factors. This allowed
to confirme the independent prognostic value of tumor size and histologic grade.

The analysis of prognostic power of immunomarkers was not maintained in the multivariate analysis after the
“tumor size” and “histological grade” variables were introduced, meaning that the survival of patients was more
dependent on them. The occurrence frequency of mammary tumors in dogs indicates that about half of them are
malignant [32].

In the present investigation, carcinoma was more frequent. This coincides with other authors in Colombia,
when holding that malignancies occur in greater proportion [2] [33]. The way to get cancer frequency data va-
ries worldwide. In Colombia and many regions of Brazil, clinical diagnosis still prevails over histopathological
diagnosis, at the expense of the decision to perform an adequate surgical treatment, also favoring disease under-
reporting. In this study, the post-surgical death of animals with benign affections was not attributed to breast
disease, when proved to be secondary after necropsia, in comparison with other entities such as endocrinopathies
and metabolic diseases. Since animals affected by malignant neoplasms were the only survivors at the end of the
research, the post-surgical survival analysis was limited to them. The animals survived between 0.5 and 36
months after surgery, in most cases limited to removing the affected tissues. In this way, surgical treatment
emerges a recommended veterinarian procedure to some individuals.

Erasoand Cruz [34], report similar data when finding, after a year of the last mastectomy, almost half of pa-
tients stayed alive (one-third of those affected by malignant neoplasms, whereas dead animals, two thirds had
this condition). Studies of post-surgical survival in dogs are scarce. However, they are key to understand the bi-
ological behavior of mammary tumors, and to establish programs of disease control in canines.

In our study, a good number of animals remain alive, even 36 months after surgery. This time can be consi-
dered high taking into account the lack of surgical technique standarization, besides of unperformed adenectomy
(at least in some patients). Its comparison with other studies is challenging because of differences in estimating
risk populations, inclusion criteria, and neoplasm diagnosis and classification. Within the veterinary community,
the agreement to use a specific international classification is necessary. So far, the suggestion made by Casali et
al. [30], provides an excellent alternative to organize histopathological diagnosis, and to compare the results of
the investigation. In the present study, the use of this nomenclature facilitates analysis, creating a commitment to
collect international data. Eventually, it will be helpful to establish a national registry of cancer in animals,
which would allow comparison with studies done elsewhere.

On the other hand, regarding most affected breeds by breast tumors, some authors address high susceptibility
of French Poodle, Boston Terriers, Samoyeds, Boxer, and Cockers [35] [36]. The present study did not focuse
on the proportional morbidity of any breed. Nevertheless, Murillo et al. [37], carried out a research only at
Teach Animal Hospital, which concluded whether French Poodle was the more abundant breed, the chance of
finding patients suffering from cancer also was higher [38]. Analyzing the postoperative survival of pure dog
against mestizo, last breed was apparently the more affected, with only 18.7% (3/16) surviving at the end, while
27.2% (12/44) of pure animals remained alive at the same circumstance.

In the final analysis, there were no significant breed differences as an influential prognostic factor on canine
mammary cancer. The disease evolution time and the neoplastic mass size were demanding parameters to ana-
lyze because of variations on patient admission to the study. In other words, coincidence in the evolution time
was not found, which can oscilate from few months to two years. At this point, time is highly probable to be
greater than reported by owners during consultation. This suggests that the size of the lesions could be related to
the prognosis of postoperative survival, perhaps, due to the ease of small mass removal.

In our study, the survival of some patients is likely to be a consequence of having extracted the sentinel lymph
node. Thus, the “less aggressive” behavior cannot necessarily be attributed to diagnosis as such. The performed
surgery type is fundamental to the subsistence of the patient. This open the discussion on the need to educate
owner about a faster veterinary consult, once neoplastic masses are detected in pets.
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In the present investigation, no case was submitted to bilateral radical mastectomy, being considered very in-
vasive and of high degree of difficulty to surgical management. In cases of performed nodulectomy, many ani-
mals with malignant diagnosis survived, while cases submitted to mastectomy, nearly half died after the surgical
procedure.

In the same sense, standardization of clinical diagnostic procedures to assess lesions on sentinel lymph node is
necessary. Being the lymphatic drainage the most common route to metastasis, microscopic evaluation of the
lymph nodes may play a vital role to treatment decision, becoming an important prognostic factor. In dogs, a
controversy regarding the adenectomy, as an additional technique for surgical treatment of breast cancer, still
exists. However, the main difficulty of some cases is related to breast drainage site location. Adenectomy can
ensure limitation of metastasis. In humans, a supravital marker is used to show the corresponding lymph nodes
in each tumor in order to avoid leaving neoplasia residue on the patient [39].

In this research, estrogen and progesterone receptors were well evidenced by using antibodies against human
tissue. On the other hand, significant difference about its presentation was not obtained. Androgen receptors
were present in almost all cases, with an apparent better dial in malignant diagnosis cases, but without statistical
difference. Regarding the P53, despite its positivity, establishing whether the lesion sizes or their duration can
influence the expression of these molecules could not be possible. However, for further clinical monitoring, in-
clusion of information from these variables to enhance the knowledge is necessary. A major hardship to analyse
cases from the present study is related to the negativity of cell proliferation markers (HER-2 and Ki-67). In ad-
dition, some problems linked to the antibody efectiveness in dogs (although its use has been reported in litera-
ture), or to the demanding nature of some procedure steps as antigen retrieval for these markers (samples spent
several days in formalin acid) could have affected.

On the other hand, many cases were strongly marked for CD 31 indicating abundant neovascularization, oc-
curring to both malignant and benign neoplasms, without notable difference (benign cases were very few which
prevented a proper comparison of CD 31expression and other markers). In addition, differences between dead
and live animals were not found.

A breakthrough in the immunostaining of cancer-associated molecules was the positivity of cell senescence
markers. Although significant difference in its expression was not found, coloration was apparently stronger in
patients surviving until the end of the study. In a new study, the clinical follow-up could control more variables
(for instance, a prospective study) to explore immunostaining differences of these molecules, which may be
useful as prognostic indicators for breast cancer.

5. Conclusion

According to the study conditions, the survival of patients affected by breast tumors is directly related to diag-
nosis and malignancy histological grade, but not to animal breed, number of affected glands or patient reproduc-
tive status. On the other hand, immunohistochemical markings were not related to the patient prognosis. For this
reason, it is important to highlight the persistance of a high percentage of mammary neoplasm cases clinically
diagnosed with poor results on patient survival. Thus, educating owners and veterinarians for using diagnostic
available tools to improve the prognosis after surgical animals affected by breast cancer is quite necessary.
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