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Simple Summary: Mammary neoplasms are the most common tumors in female dogs,
and mammary neoplasms with a solid arrangement encompass histological types with
high proliferative activity that commonly lead to metastasis. In human breast tumors, in
addition to the histological type, the characterization of the inflammatory infiltrate and its
location are considered prognostic and predictive factors. In veterinary medicine, little is
still known about the influence of inflammation on cancer progression and its relationship
with histological types. In the present study, we observed that neoplasms with a solid
arrangement presenting with a high density of lymphocytes and neutrophils, especially
in the intratumoral area, are associated with shorter survival time, and that the density
of intratumoral B lymphocytes is proportional to the presence of lymph node metastasis.
Therefore, tumor inflammation should be considered as a factor influencing the progression
of mammary neoplasms in female dogs.

Abstract: In canine mammary neoplasms, greater inflammation is associated with higher
histological grade, lymphatic invasion, and metastases. This retrospective study as-
sessed the density of peri- and intratumoral tumor-infiltrating lymphocytes (TILs), tumor-
associated neutrophils (TANs), and CD3+ and CD79+ lymphocytes in canine mammary
neoplasms with a solid arrangement, and associated such data with histological types,
immunophenotype, prognostic factors, cyclooxygenase-2 (Cox-2) expression and overall
and cancer-specific survival. Sixty-one neoplasms with a solid arrangement were classified
as malignant myoepitheliomas (6/9.8%), solid papillary carcinomas (8/13.1%), carcino-
mas with a solid pattern (9/14.8%), basaloid carcinomas (BC) (19/31.1%), and malignant
adenomyoepitheliomas (19/31.1%). Intra- and peritumoral TILs, TANs, and TCD3+ and
BCD79+ lymphocytes were counted, and based on the resulting median, the neoplasms
were divided into low or high cell infiltration. BCs had the lowest density of intratumoral
TILs (p = 0.02), and luminal B neoplasms showed a significantly higher density of intratu-
moral TCD3+ than luminal A cases. Neoplasms with a higher density of peritumoral CD3+

and CD79+ had significantly greater proliferative activity. High infiltration of intratumoral
BCD79+ lymphocytes was related to nodal metastasis (p = 0.03). Intratumoral TILs and
TCD3+ were associated with shorter survival time. Therefore, intratumoral lymphocyte
infiltration is possibly an important feature in the progression of cancer and influences the
survival in bitches with solid arrangement neoplasms.
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1. Introduction
The characterization of tumor microenvironment through the evaluation of infiltrating

leukocytes is already established for some types of neoplasms in the human species, such
as colorectal carcinomas [1–3], oral and cutaneous squamous cell tumors [4,5], renal, head
and neck, hepatocellular, pancreatic tumors [6], and mammary [7,8] and urothelial bladder
cell tumors [9].

The presence of tumor-infiltrating lymphocytes (TILs) and their subtypes is associated
with morphological (histological grade, size, pleomorphism, and mitotic count) and im-
munophenotypic characteristics of breast tumors. Thus, TILs are considered prognostic and
predictive factors in women’s breast cancers [10–13]. In women, TILs tend to be present
in a greater proportion in neoplasms without the expression of hormone receptors and
show an overexpression of HER-2 and a higher percentage of Ki-67 [14–16]. Also, greater
inflammation in triple-negative neoplasms (TN) and tumors with HER-2 overexpression,
especially in the intratumoral area, is associated with a better response to chemotherapy
treatment [10,13,14]. In female dogs, the highest intensity of TILs is observed in higher
histologic grade neoplasms, with lymphatic invasion [16,17] and shorter survival time, a
characteristic that is considered an independent prognostic factor. In addition, the highest
percentage of B cells (CD79+) was seen in carcinoma in mixed tumors with metastasis
to lymph nodes when compared to carcinoma in mixed tumors without metastasis to
lymph nodes [18]. However, little is known about the influence of inflammation and the
relationship of inflammation and immunophenotypes in mammary neoplasms in female
dogs. No relationship was found between TIL and molecular subtypes in one study [16],
but in another, the peritumoral inflammation was shown as an independent prognostic
factor for bitches with triple-negative tumors [19].

Few studies approach tumor-associated neutrophils (TANs) in women breast cancer, and
most of those studies are conducted in vitro and in animal models. Similarly to lymphocytes,
neutrophils may be associated with a longer or shorter survival time, depending on the
type of cytokine or receptors present in the microenvironment, [20,21]. Estrogen receptor-
positive neoplasms, in advanced stages, show an increase in the amount of TGF-ß in the
microenvironment, favoring the chemotaxis and polarization of N2 neutrophils, which favor
neoplastic dissemination and pre-metastatic niche formation [22]. In the few studies involving
women, the increase in the average amount of neutrophils is associated with TN- and HER-
2-positive tumors [23], and a high density of TANs is associated with shorter disease-free
time [24]. In bitches, the amount of neutrophils was higher in carcinoma in mixed tumors and
tubular carcinomas compared to solid carcinomas and benign mixed tumors [25].

Although the quantification of TILs in H&E slides is an important parameter and is
associated with prognostic and predictive factors in breast cancer in women, it is not enough
to identify lymphocyte subtypes, which are fundamental for understanding the immune
response to cancer. In the present study, we quantified tumor-infiltrating lymphocytes
(TILs) and tumor-associated neutrophils (TANs) in the peri- and intratumoral areas, on
H&E slides, and on slides with immunohistochemistry for CD3+ and CD79+ lymphocytes.
Afterwards, we dichotomized high- and low-density inflammations to associate them
with the histological types of neoplasms with a solid arrangement, immunophenotypes,
prognostic factors (tumor size, regional lymph node metastasis, Ki-67 index, and mitotic
count), Cox-2 immunostaining, and overall and specific survival time for bitches.
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2. Material and Methods
2.1. Selection and Classification of Samples and Clinical Follow-Up

The criteria for sample selection, classification of neoplasms, and clinical follow-up of
the animals were based on previous study, which included 65 samples [26]. However, four
samples were entirely used up in the first part of the research, and in the present article,
61 of these samples were used. The sixty-one canine mammary neoplasms with a solid
arrangement, diagnosed between 2011 and 2022, were selected from the collections of the
Comparative Pathology Laboratory at the Institute of Biological Sciences of the Federal
University of Minas Gerais (UFMG), the Pathology Laboratory of Vila Velha University
(UVV), the Celulavet Laboratory, and the Center for Research in Mammary Oncology at the
Federal University of Bahia (UFBA). Only samples from female dogs previously diagnosed
with neoplasms classified as solid carcinoma [27] or basaloid carcinoma [28], for which
presented macroscopic description information of location and size of neoplasms was avail-
able and evaluation of regional lymph nodes was performed, were included. Female dogs
presenting with other histological types of more aggressive mammary-origin neoplasms
associated with shorter survival times [28,29], non-mammary malignant neoplasms, and
those that had been treated prior to surgery were excluded from the study.

From these criteria, histological slides stained by hematoxylin and eosin (H&E) were
re-evaluated by two veterinary pathologists (GDC—board-certified by the Brazilian As-
sociation of Veterinary Pathology, MCF—residency in Veterinary Pathology and Ph.D. in
Pathology) and reclassified into carcinomas with a solid pattern (CSP), basaloid carcinomas
(BC), solid papillary carcinomas (SPC), malignant adenomyoepitheliomas (MAME), and
malignant myoepitheliomas (MME) based on morphological and phenotypic patterns
(Figure S1) [30]. Neuroendocrine carcinomas were not evaluated in the present study due
to the small number of samples. MAME may present benign epithelial areas, making it
difficult to assess its epithelial invasion area, and MM is composed of more than 90% my-
oepithelial tissue [30]. Therefore, as these histological types do not fit the standardization
of histological grading used for invasive carcinomas [31], grading was not evaluated in
this study. In all 61 cases, the regional lymph nodes were also evaluated for the detection
of metastasis. Information on neoplasm size was provided by the laboratory where the
samples came from, and tumor size was stratified into T1 (< 3 cm), T2 (between 3 and 5 cm),
and T3 (> 5 cm), following the TNM system [32]. For neoplasms larger than T2, more than
one histological slide was evaluated; the slide containing the best sample of approximately
2.0 cm with less necrosis and fixation and crushing artifacts was selected. As utilized in the
grading system by Elston and Ellis, mitotic counting was performed in 10 fields (2.37 mm2)
at the tumor periphery in continuous fields. As information on distant metastasis assessment
was incomplete, the complete staging was not performed in the present study.

The time in days from the date of surgery until the death of the dog from any cause
and from neoplasia-related cause was calculated for overall survival and specific survival,
respectively [17–19]. Cause of death related to neoplasia means spontaneous death or
euthanasia due to local progression or systemic deterioration in animals with metastatic
disease. The follow-up was carried out for a period of at least one year. Information was
obtained from the responsible tutor and/or the veterinary clinician.

2.2. Immunohistochemistry

Four-micrometer-thick sections were obtained from the paraffin blocks and placed
on gelatinized slides, submitted to deparaffinization, dehydration in alcohol and xylol,
and manual staining for the markers following previously validated protocols [26,30,33].
The antigenic recovery was performed in moist heat, within citrate pH 6.0. Novolink® kit
solution (Leica) was used as the secondary antibody and detection system. Evaluations
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were performed under an Olympus BX-40 microscope coupled with a Spot Insight Color
digital camera and with the aid of SPOT capture software version 3.4.5.

In order to establish the immunophenotype of the neoplasms, immunohistochemistry
was performed for estrogen (ER, ready-to-use, clone Ep1, Dako®) and progesterone (PR,
1:50, clone hpra2, Thermo Fisher®) receptors, cell proliferation factor Ki-67 (1:50, clone mib
1, Dako®), and epidermal growth factor 2 (HER-2, 1:200, clone c erb 2, Thermo Fisher®)
in all selected samples. Immunolabeling for cyclooxygenase 2 (Cox-2, ready-to-use, clone
Sp21, Invitrogen®) was also performed on 59 samples. The antibodies are well standardized
for the technique used in the laboratory routine, and the antigenic specificity has already
been tested, as shown in previous publications [26,30,33]. Due to wear of the paraffin block
during the study, two cases lacked enough material for this analysis. For the evaluation
of ER and PR labeling, a scoring system considering the number of cells with positive
nuclear labeling (negative: <1%, +: 1–25% of labeled cells; ++: 26–50% of labeled cells, + ++:
51–75%; + +++: >75% of labeled cells) was adopted (Figures S2 and S3) [34]. Ki-67 was
determined by the percentage of cells with nuclear staining in a count of 500 cells through
photomicrographs made in a 40× (0.096 mm2) objective hot spot analyzed with Image J®

imaging system, and the cutoff point ≥20% of labeled cells was used for classification as
high and low proliferation (Figure S4) [35]. HER-2 expression followed the guidelines of
membrane marking score, considering scores 0, 1+, and 2+ as negative and 3+ as positive
(Figure S5) [36]. Then, the neoplasms were categorized into luminal A (ER and/or PR
positive, HER2 negative, and Ki-67 <20%); luminal B HER2 negative (ER and/or PR positive,
HER2 negative, and Ki-67 ≥20%), luminal B HER2 positive (ER and/or PR positive, HER2
positive, and any Ki-67), HER2 overexpressed (ER and PR negative, and HER2 positive),
and triple negative (TN) (ER, PR, and HER2 negative) [26,35]. Normal mammary gland
was used as positive control, while a buffer solution was used as negative control instead of
the primary antibody. The Cox-2 assessment was based on a semi-quantitative evaluation
of labeled tumor cells in the cytoplasm. Percentage of labeled tumor cells throughout the
evaluated fragment (0= absent, 1= less than 10% of cells labeled, 2= 10 to 30% of cells
labeled, 3= 31 to 60% of cells labeled, 4= more than 61% of cells labeled) and intensity score
(0= absent, 1= weak (+) labeling, 2= moderate (++) labeling, and 3= strong (+ ++) labeling)
were defined. The final score is established by multiplying the distribution by intensity
(Figure S6) [37].

Anti-CD3 (1:200, Dako®, A052) antibodies were used for the identification of T cells,
while anti-CD79 antibodies were used (1:400, Biolegend®, HM47) for the identification of B
cells. Normal dog lymph nodes were used as positive and negative controls. A buffer solution
was used for negative control instead of the primary antibody. The negative control was
prepared following the same technique described in the determination of immunophenotypes.

2.3. Characterization of the Infiltrate in Histological Slides and Immunohistochemistry

Images of eight hot spots at 600× (60× objective and 10× ocular) were captured from
the H&E slides and contained a fragment of each neoplasm for quantification of TILs and
TANs in the peri- and intratumoral areas, separately. The 600× magnification (0.087 mm2)
provides better definition of the cell types. Hot spot stands for the field of the fragment that
presents a higher concentration of inflammatory cells. For the quantification of T and B cells
labeled for CD3+ and CD79+, images of eight hot spots were captured at 400× (0.196 mm2),
following the same capture methodology made on the H&E slides. Photomicrographs were
taken by a Spot Insight Color digital camera adapted on the Olympus BX-40 microscope
with the aid of SPOT capture software version 3.4.5 [18].

The identification of inflammatory cells (neutrophils and lymphocytes) on the histo-
logical slides was based on the morphological aspect of each cell. In the slides submitted to
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immunolabeling, lymphocytes were positive when the label was identified in the cytoplasm
in a diffuse or granular way (nuclear labeling was not considered).

Inflammatory cells (lymphocytes, their subtypes, and neutrophils) were counted
separately in the peritumoral area (in the capsule or connective tissue around the neoplasm)
and intratumoral area (in the stroma between the neoplastic lobes and in direct contact with
the tumor cells) in the eight photographed hot spots of each sample. Finally, the number of
each type of inflammatory cell, in the respective areas, was summed separately for each
neoplasm, and the cutoff point to characterize how high and low density of inflammatory
infiltrate was based on the median value of each cell in the study population. From the
total number of cells, neutrophil/lymphocyte (N/L) and CD79+/CD3+ lymphocyte ratios
were calculated, and the median also served as a cutoff point to separate the samples with
high and low expression of inflammatory cells.

All procedures performed in the present study followed the ethical principles for the
use of animals in experimentation. The project was approved by the ethics committee on
the use of animals (CEUA-UFMG, no. 11/2017).

2.4. Statistics

GraphPad Prism software version 8.2 was used for the statistical analysis. Contin-
uous variables (mitotic count and Ki-67 expression) had their normality verified by the
Kolmogorov–Smirnov’s test, and the association with the density of inflammatory infil-
trate was made by the Mann–Whitney test. For comparison of inflammatory cell infiltrate
between different areas on the same tumor, the Wilcoxon test was chosen. Fisher’s ex-
act test was used to analyze the association between qualitative variables (histological
types, immunophenotypes, tumor size, presence of lymph node metastasis, and Cox-2
expression) and intensity of inflammation. In all cases, p < 0.05 was considered significant.
The analysis of overall and specific survival was made by Kaplan–Meier curves and the
long-rank test provided the comparison between curves. For the analysis of survival in
relation to inflammatory density, the density of each cell type (high and low) was com-
pared between peritumoral and intratumoral areas. Survival was also associated with
N/L and CD3+/CD79+ lymphocyte ratios. The Cox regression model was performed in
Jamovi version 2.3.28 for univariate and multivariate analysis, considering variables whose
significance was previously established in the survival test by Kaplan–Meier.

3. Results
Sixty-one neoplasms with a solid arrangement were analyzed: six (9.8%) malignant

myoepitheliomas, eight (13.1%) solid papillary carcinomas, nine (14.8%) carcinomas with
a solid pattern, nineteen (31.1%) basaloid carcinomas, and nineteen (31.1%) malignant
adenomyoepitheliomas. As for immunophenotypes, 13 neoplasms (21.3%) were luminal A,
42 (68.9%) were luminal B HER-2 negative, and 6 (9.8%) were luminal B HER-2 positive.
None of the neoplasms were TN or HER-2 overexpressed.

The ages of the animals in the study ranged from 3 to 19 years old, with a mean age
of 11 years old (standard deviation 3.3). The majority were mixed-breed animals (18/61,
29.5%), followed by poodles (16/61, 26.23%), Yorkshire terriers (4/61, 6.56%), and German
shepherds and Shih tzus with the same amount (3/61, 4.92%). Other breeds in smaller
numbers included dachshunds, French bulldogs, Akitas, Maltese, Rottweilers, and Beagles.

In the quantitative analysis on HE slides, the total number of lymphocytes was signifi-
cantly higher than that of neutrophils (p = 0.003). Most neoplasms, 44/61 (72.1%), presented
a greater number of lymphocytes in the peritumoral area than in the intratumoral area
(p = 0.0001). This was also observed for neutrophils, with infiltration in the peritumoral
area being greater than in the intratumoral area in 45/61 samples (73.8%) (p = 0.02).
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In the count of lymphocyte subtypes after immunostaining for CD3+ and CD79+, 57 of
61 (93.4%) neoplastic samples showed greater infiltration of total TCD3+ cells when compared
to BCD79+ cells, which was higher in only 4/61(6.6%) samples (p = 0.0001). Regarding the
location of the infiltrate of TCD3+ cells, 37/61 (60.7%) neoplasms presented a higher amount
of those cells in the intratumoral area compared to the peritumoral area, but no significant
difference was seen (p = 0.20). Meanwhile, BCD79+ cells were in significantly higher number
in the peritumoral area in 47/61 (77.3%) neoplasms than in the intratumoral area (p = 0.02).

Median and standard deviation values of each cell type are shown in Table 1.
Tables 2 and 3 contain the morphological and immunophenotypic characteristics of the
infiltrate in each subtype of neoplasms.

Table 1. Counts of lymphocyte and neutrophil (H&E) and CD3+ and CD79+ cells (immunohistochem-
istry) in canine mammary neoplasms with solid arrangement (n = 61).

L PT L IT N PT N IT CD3+ PT CD3+ IT CD79+ PT CD79+ IT

Mean 305 185 13.9 11.0 258 302 122 84.2
Median 221 100 8 5 202 215 73 24

Standard deviation 295 301 18.1 22.9 214 287 160 130

n: sample number; L: Lymphocytes; PT: peritumoral; IT: intratumoral.

Table 2. Morphological and immunophenotypic characteristics and frequency of infiltration density
of lymphocytes and neutrophils in canine mammary neoplasms with solid arrangement (n = 61).
Fisher’s exact test.

Variables
Lymphocytes Neutrophils

PT p IT p PT p IT p
Low High Low High Low High Low High

Histhological
types
CSP 3 (33.3%) 6 (66.7%)

0.68

3 (33.3%) 6 (66.7%)

0.02 *

2 (22.2%) 7 (77.8%)

0.43

4 (44.4%) 5 (55.6%)

0.68
SPC 5 (62.5%) 3 (37.5%) 2 (25%) 6 (75%) 4 (50%) 4 (50%) 3 (37.5%) 5 (62.5%)
BC 11 (57.9%) 8 (42.1%) 15 (78.9%) 4 (21.1%) 9 (47.4%) 10 (52.6%) 12 (63.2%) 7 (36.8%)

MM 3 (50%) 3 (50%) 2 (33.3%) 4 (66.7%) 4 (66.7%) 2 (33.3%) 3 (50%) 3 (50%)
MAME 8 (42.1%) 31 (57.9%) 7 (37.8%) 12 (63.2%) 11 (57.9%) 8 (42.1%) 8 (42.1%) 11 (57.9%)

Immunophenotype
L A 8 (61.5%) 5 (38.5%)

0.47
4 (30.8%) 9 (69.2%)

0.26
9 (69.2%) 4 (30.8%)

0.1
8 (61.5%) 5 (38.5%)

0.2L B HER-2 - 20 (47.6%) 22 (52.4%) 23 (54.8%) 19 (45.2%) 20 (47.6%) 22 (52.4%) 21 (50%) 21 (50%)
L B HER-2 + 2 (33.3%) 4 (66.7%) 2 (33.3%) 4 (66.7%) 1 (16.7%) 5 (83.3%) 2 (33.3%) 4 (66.7%)

Size (T)
1 (1–3 cm) 14 (56%) 11 (44%)

0.67
16 (64%) 9 (36%)

0.09
12 (48%) 13 (52%)

1.0
14 (56%) 11 (44%)

0.672 (3–5 cm) 5 (41.7%) 7 (58.3%) 4 (33.3%) 8 (66.7%) 6 (50%) 6 (50%) 5 (41.7%) 7 (58.3%)
3 (>5 cm) 11 (45.8%) 13 (54.2%) 9 (37.5%) 15 (62.5%) 12 (50%) 12 (50%) 11 (45.8%) 13 (54.2%)

Nodal
Metastasis

Present 7 (33.3%) 14 (66.7%)
0.1

11 (52.4%) 10 (47.6%)
0.79

6 (28.6%) 15 (71.4%)
0.05

8 (38.1%) 13 (61.9%)
0.28Absent 23 (57.5%) 17 (42.5%) 19 (47.5%) 21 (52.5%) 23 (57.5%) 17 (42.5%) 22 (55%) 18 (45%)

Cox-2
negative 26 (63.4%) 15 (36.6%)

0.55
23 (54.8%) 19 (45.2%)

0.25
21 (50%) 21 (50%)

0.57
23 (54.8%) 19 (45.2%)

0.09positive 9 (52.9%) 8 (47.1%) 6 (35.3%) 11 (64.7%) 7 (41.2%) 10 (58.8%) 5 (29.4%) 12 (70.6%)

PT: peritumoral; IT: intratumoral; CSP: carcinoma with solid pattern; SPC:solid papillary carcinoma; BC: basaloid
carcinoma; MAME: malignant adenomyoepithelioma; MME: malignant myoepithelioma L: luminal; *statistically
significant when p < 0.05.
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Table 3. Morphological and immunophenotypic characteristics and frequency of infiltration density
of TCD3+ and BCD79+ cells in canine mammary neoplasms with solid arrangement (n = 61). Fisher’s
exact test.

Variables
Lymphocytes CD3 Lymphocytes CD79

PT p IT p PT p IT p
Low High Low High Low High Low High

Histhological
types
CSP 3 (33.3%) 6 (66.7%)

0.65

3 (33.3%) 6 (66.7%)

0.23

3 (33.3%) 6 (66.7%)

0.68

1 (11.1%) 8 (88.9%)

0.19
SPC 5 (62.5%) 3 (37.5%) 2 (25%) 6 (75%) 5 (62.5%) 3 (37.5%) 4 (50%) 4 (50%)
BC 8 (42.1%) 11 (57.9%) 10 (52.6%) 9 (47.4%) 8 (42.1%) 11 (57.9%) 11 (57.9%) 8 (42.1%)

MM 4 (66.7%) 2 (33.3%) 5 (83.3%) 1 (16.7%) 3 (50%) 3 (50%) 2 (33.3%) 4 (66.7%)
MAME 10 (52.6%) 9 (47.4%) 10 (52.6%) 9 (47.4%) 11 (57.9%) 8 (42.1%) 9 (47.9%) 10 (52.6%)

Immunophenotype
L A 9 (69.2%) 4 (30.8%)

0.28
10 (76.9%) 3 (23.1%)

0.04 *
7 (53.8%) 6 (46.2%)

0.92
7 (53.8%) 6 (46.2%)

0.71L B HER-2 - 18 (42.9%) 24 (57.1%) 19 (45.2%) 23 (54.8%) 20 (47.6%) 22 (52.4%) 18 (42.9%) 24 (57.1%)
L B HER-2 + 3 (30%) 3 (50%) 1 (16.7%) 5 (83.3%) 3 (50%) 3 (50%) 2 (33.3%) 4 (66.7%)

Size (T)
1 (1–3 cm) 12 (48%) 13 (52%)

0.84
11 (44%) 14 (56%)

0.56
14 (56%) 11 (44%)

0.67
13 (52%) 12 (48%)

0.312 (3–5 cm) 5 (41.7%) 7 (58.3%) 5 (41.7%) 7 (58.3%) 5 (41.7%) 7 (58.3%) 3 (25%) 9 (75%)
3 (>5 cm) 13 (54.2%) 11 (45.8%) 14 (58.3%) 10 (41.7%) 11 (45.8%) 13 (54.2%) 11 (45.8%) 13 (54.2%)

Nodal
Metastasis

Present 11 (52.4%) 10 (47.6%)
0.79

7 (33.3%) 14 (66.7%)
0.1

21 (52.5%) 19 (47.5%)
0.59

5 (23.8%) 16 (76.2%)
0.03 *Absent 19 (47.5%) 21 (52.5%) 23 (57.5%) 17 (42.5%) 9 (42.9%) 12 (57.1%) 22 (55%) 18 (45%)

Cox-2
negative 19 (45.2%) 23 (54.8%)

0.25
21 (50%) 21 (50%)

1.0
19 (45.2%) 23 (54.8%)

0.25
22 (52.4%) 20 (47.6%)

0.15positive 11 (64.7%) 6 (35.3%) 9 (52.9%) 8 (47.1%) 11 (64.7%) 6 (35.3%) 5 (29.4%) 12 (70.6%)

PT: peritumoral; IT: intratumoral; CSP: carcinoma with solid pattern; SPC:solid papillary carcinoma; BC: basaloid
carcinoma; MAME: malignant adenomyoepithelioma; MME: malignant myoepithelioma L: luminal; *statistically
significant when p < 0.05.

3.1. Association Between Inflammatory Infiltrate in Relation to Subtypes and Immunophenotypes
of Solid Neoplasms

In the evaluation of TILs, most CSP (6/66.7%), SPC (6/75%), MME (4/66.7%), and
MAME (12/63.2%) neoplasms showed a significantly higher density of TILs in the intratu-
moral area when compared to BC tumors, among which only 4/21.1% neoplasms presented
a high density of TILs (p = 0.02). In the peritumoral area, no difference in the density of the
lymphocyte infiltrate was observed between histological types (Figure 1A,B). The density of
TANs, TCD3+, and BCD79+ cells in the peri- and intratumoral areas showed no significant
differences between histological types (Tables 1 and 2). Figure 2 shows the intensity of
cellular infiltration between basaloid carcinoma and carcinoma with a solid pattern.
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Figure 1. A comparison of the density of TILs in relation to the types of neoplasms with a solid
arrangement of the canine mammary gland by Fisher’s exact test. (A) The density of the infiltration
of peritumoral TILs between histological types. (B) The predominance of neoplasms with a high
density of intratumoral TILs in MME, SPC, CSP, and MAME, except BC (p = 0.02). MME: Malignant
myoepithelioma; SPC: solid papillary carcinoma; CSP: carcinoma with a solid pattern; BC: basaloid
carcinoma; MAME: malignant adenomyoepithelioma.
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Figure 2. Density of inflammatory infiltrate in basaloid carcinoma compared to carcinoma with solid
pattern. (A–D) TILs on slides stained with H&E (600×); (A) Low amount of peritumoral TIL in BC
(arrow); (B) intratumoral TIL in BC; (C) high peritumoral TIL in CSP; (D) high intratumoral TIL and
forming aggregates in CSP (white asterisk); (E–H) infiltrate of TCD3+ cells in immunohistochemistry
(400×); (E) low amount of peritumoral lymphocytes in BC (arrow); (F) small aggregates of intratu-
moral lymphocytes in contact with neoplastic cells in BC (circle); (G) high infiltration of peritumoral
lymphocytes in CSP; (H) high infiltration of intratumoral lymphocytes in CSP; (I–L) infiltrate of
TCD79+ cells in immunohistochemistry (400×); (I) low infiltration of peritumoral lymphocytes in
BC (arrow); (J) low infiltration of intratumoral lymphocytes in BC (circle); (K) high infiltration of
peritumoral lymphocytes in CSP; (L) high infiltration of intratumoral lymphocytes in CSP (arrow).

Neoplasms with luminal B immunophenotypes (HER-2 negative or positive) showed
higher density of intratumoral TCD3+ lymphocytes when compared to luminal A neo-
plasms (p = 0.04). Only three out of thirteen (23.1%) luminal A neoplasms presented a high
infiltration of intratumoral TCD3+ lymphocytes, while luminal B HER-2 negative or HER-2
positive presented a higher percentage of neoplasms with a high density of this cell type,
which were 23/42 (54.8%) and 5/6 (83.3%), respectively. The density of the infiltration
of CD79+ cells (Figure 3), as TILs and TANs, and their respective locations showed no
significant association with immunophenotypes.
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Figure 3. Density of infiltration of TCD3+ and BCD79+ relative to luminal A, luminal B HER-
2 negative, and luminal B HER-2 positive immunophenotypes in solid arrangement neoplasms,
Fisher’s exact test. (A) Density of peritumoral (PT) TCD3+cells (p = 0.28); (B) luminal B neoplasms
having higher density of intratumoral (IT) TCD3+ cells compared to luminal A (p = 0.04 *); (C) density
of peritumoral (PT) BCD79+ cell infiltration (p = 0.92); (D) density of intratumoral (IT) BCD79+ cells
(p = 0.71). LA: luminal A; LB: luminal B.
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3.2. Association Between Proliferative Rate, Presence of Lymph Node Metastases, and
Inflammatory Infiltrate

Twenty-one female dogs (34.4%) had lymph node metastases. Of these, 16 (76.2%)
had a high density of intratumoral BCD79+ lymphocyte infiltrate (p = 0.03). On the other
hand, the density of this peritumoral cell was not associated with the presence of metastasis
(p = 0.59) (Figure 4). The density of TANs in the peritumoral area was not statistically
significantly associated with lymph node metastases (p = 0.05), even though 15 (71.9%) of
the 21 neoplasms that metastasized to lymph nodes exhibited a TAN density above the
median in the peritumoral area. For TILs and TCD3+ cells, no significant difference was
observed between the density and the site of inflammation and lymph node status.
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Figure 4. The density of the inflammatory infiltrate in relation to the presence of metastases in
regional lymph nodes. Fisher’s exact test. (A) The infiltration of peritumoral BCD79+ cells showed no
difference between neoplasms with or without lymph node metastases (p = 0.59). (B) The infiltration
of intratumoral BCD79+ cells was high in female dogs that had metastasis compared to those that did
not (p = 0.02). * Statistically significant.

Neoplasms with a high density of intratumoral TILs had a higher mitotic count with
a median of 20 mitotic figures (2.37 mm2), while neoplasms with a low density of TILs
had a median of 14 mitotic figures (p = 0.03). However, the density of peritumoral TILs
was not significantly related to the mitotic count (p = 0.05). A high density of peritumoral
TCD3+ and BCD79+ cells was also associated with a higher mitotic count. Neoplasms
with a high infiltration of peritumoral TCD3+ and BCD79+ lymphocytes presented a
median of 21 mitotic figures, while those with low infiltration presented 13 mitotic figures
(p = 0.006) for both cell types. Regarding intratumoral infiltration of CD3+ and CD79+,
only intratumoral CD79 lymphocyte infiltration was significantly associated with mitotic
count (p = 0.02). Neoplasms with a high density of those cells had a median of 19 mitotic
figures, and those with low infiltration had 12 mitotic figures (p = 0.02). The intensities of
peri- (p = 0.9) and intratumoral (p = 0.7) TANs were not associated with mitotic counting.

When evaluating the density of inflammation with Ki-67 immunostaining, we
observed that neoplasms with high TILs (p = 0.02) and a high infiltration of TCD3+

(p = 0.007) and BCD79+ cells (p = 0.02) in the peritumoral area were associated with a
higher percentage of immunostaining (Figure 5). Neoplasms with a high density of TILs
and TCD3+ and BCD79+ cells had the same median of Ki-67 labeling (34%), and neoplasms
with a low intensity of those cells had a median of 26%, 25%, and 26% of immunostaining,
respectively. The remaining locations of TILs and CD3+ and CD79+ cells, as well as TANs,
were not associated with the percentage of Ki-67 labeling.
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Figure 5. Association of peritumoral inflammation density with immunostaining for Ki-67 in neo-
plasms with solid arrangement. Mann–Whitney’s test. (A–C) High density of TILs (p = 0.02) and high
density of TCD3+ cells (p = 0.007) and BCD79+ cells (p = 0.02) are associated with higher percentage
of Ki-67. Bar indicates mean.

3.3. Association Between Tumor Size and Cox-2 Immunostaining with Inflammatory Infiltrate

The results are detailed in Tables 1 and 2.
Among the neoplasms evaluated (n = 61), 25 (41%) were classified as T1, 12 (19.7%)

as T2, and 24 (39.3%) as T3. No association of tumor size with the density of TILs, TANs,
TCD3+, and BCD79+ was observed.

Of the 59 neoplasms evaluated for Cox-2, only 17 (28.8%) presented positive immunos-
taining; 16 presented scores up to three, and 1 presented a score of six. No statistical
difference was seen between peri- and intratumoral inflammations and Cox-2 positivity.

3.4. Association Between Inflammatory Infiltrate and Survival Time

Information on overall survival was available for 47/61 (77%) female dogs, of which
35 (74%) died and 12 (26%) were alive at the end of the study. Of the 35 dogs that died, 22
(63%) died from causes related to the mammary tumor. The median overall survival was
365 days (95% CI, 283 to 630 days), and the specific survival was 670 days (95% CI, with a
minimum of 365).

Female dogs who had neoplasms with a high density of intratumoral TANs had
shorter median overall survival time than those with a low infiltration of such cells (p = 0.04,
HR = 2.07, CI: 1.02–4.21), which were 210 and 425 days of survival, respectively. On the
other hand, infiltration with peritumoral TANs (p = 0.2) had no influence on survival.
Also, overall survival was not associated with TILs in the peri- (p = 0.14) and intratumoral
(p = 0.10) areas, the infiltration of peri- (p = 0.48) and intratumoral (p = 0.05) TCD3+ cells,
and the infiltration of peri- (p = 0.17) and intratumoral (p = 0.11) BCD79+ cells (Table 4).

Table 4. The median survival time of female dogs with neoplasms with a solid arrangement and its
association with the density of lymphocyte infiltrate, neutrophils, TCD3+, and TCD79+ cells.

Cell Infiltration
Median Overall Survival (Days)

Peritumoral p Intratumoral p
Low High Low High

Lymphocytes 455 324 0.14 425 321 0.1
Neutrophils 395 365 0.2 425 210 0.04 *

CD3 Lymphocytes 395 341 0.48 425 360 0.05
CD79 Lymphocytes 500 365 0.17 575 318 0.11

Median specific survival (days)

Lymphocytes 670 720 0.53 ------ 395 0.02 *
Neutrophils 670 575 0.48 1035 575 0.28

CD3 Lymphocytes 670 720 0.5 ------ 365 0.01 *
CD79 Lymphocytes ------ 395 0.11 ------ 395 0.06

* statistically significant when p < 0.05. Long-rank test. ------ more than 50% of animals were still alive at the end
of the study.
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In the specific survival evaluation, 50% of female dogs presenting neoplasms with a high
density of intratumoral TILs had died in 395 days, and 64% of those with a low density of TILs
were still alive after 1000 days (p = 0.02, HR = 2.57, CI:1.11–5.97). That was also similar to what
was observed in the evaluation of TCD3+ cells, where patients with high intratumoral density
showed a median survival time of 365 days, and 61% of those with low intratumoral density
were still alive after 1000 days (p = 0.01, HR = 2.85, CI:1.23–5.63). The density of peritumoral
TILs (p = 0.53) and TCD3+ (p = 0.50), peri- (p = 0.11) and intratumoral (p = 0.06) BCD79+ cells,
and peri- (p = 0.48) and intratumoral TANs (p = 0.28) was not associated with dog survival
(Figure 6; Table 4).
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Figure 6. The specific survival of female dogs (n = 34; 22 died and 12 alive) with mammary gland
neoplasms with a solid arrangement in relation to the presence of TILs, TCD3+, and BCD79+ cells.
Kaplan–Meier. (A) The infiltrate of peritumoral (PT) TILs; (B) the infiltrate of intratumoral (IT) TILs.
(C) The infiltrate of peritumoral (PT) TCD3+ cells and (D) intratumoral (IT) TCD3+ cells; (E) the
infiltrate of peritumoral (PT) B CD79+ cells; (F) intratumoral (IT) CD79+ cells.

The N/L and CD3+/CD79 cell ratios were also unrelated to the overall (p = 0.54;
p = 0.53) and specific (p = 0.81, p = 0.57) survival time of female dogs.

In the specific survival analysis by Cox regression, the univariate analysis showed
that a high density of intratumoral TILs increases the risk of death related to the neoplasm.
The high presence of TILs is associated with a risk ratio of 2.76 times (p = 0.03, confidence
interval, CI, 95% = 1.08–7.07), and the high infiltration of intratumoral TCD3+ cells increased
the risk of death related to the neoplasm by three times (p = 0.02, CI:1.19–7.8). Female dogs
with metastases to regional lymph nodes also had a risk of death 6.5 (CI: 2.61–16.4) times
higher. In the multivariate analysis, the only variable that remained associated with the
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risk of death was the presence of metastasis in lymph nodes, which was responsible for a
three-fold increase in the risk of death from the disease (p < 0.001) (Table 5).

Table 5. Univariate and multivariate analyses of specific survival (Cox model) in relation to intratu-
moral TIL and CD3+ in female dogs with neoplasms with solid arrangement.

Variables
HR 95% CI p-Value

Univariate Analyses

Metastasis Absent
Present 6.54 2.61–16.4 <0.001 *

IT Lymphocytes Low
High 2.76 1.08–7.07 0.03 *

IT CD3 Lymphocytes Low
High 3.05 1.19–7.80 0.02 *

Multivariate analyses

Metastasis Absent
Present 3.23 1.09–9.57 0.03 *

IT Lymphocytes Low
High 0.73 0.22–2.39 0.6

IT CD3 Lymphocytes Low
High 0.82 0.25–2.72 0.7

HR, hazard ratio, CI, Confidence interval, IT: intratumoral; TILs: tumor-infiltrating lymphocytes. * Statistically
significant when p < 0.05.

4. Discussion
In canine neoplasms with a solid arrangement, the characteristics of tumor-infiltrating

inflammatory cells were associated with survival time, univariate analysis, and some
prognostic factors. The increase in the inflammatory infiltrate of lymphocytes and their
subtypes was associated with some poor prognostic factors, such as higher mitotic count,
Ki-67 expression, and a higher frequency of metastasis to lymph nodes.

Female dogs presenting neoplasms with a solid arrangement with a high density of
intratumoral TILs and TCD3+ cells had significantly lower specific survival time when
compared to female dogs presenting neoplasms with a low density of intratumoral TILs
and CD3+ cells. This is in agreement with what is reported in women who also have
luminal neoplasms, leading to an association of a high number of TILs with shorter sur-
vival time [13]. This is believed to be related to the type of lymphocytes present since
mammary neoplasms with luminal immunophenotype have a lower percentage of TCD8+

cells when compared to TN neoplasms [11]. TCD8+ cells are involved with the anti-tumor
response mechanism, leading to neoplastic cell lysis. In contrast, other types of T cells
that favor cancer progression and shorten survival may be present, such as regulatory T
cells (such as Foxp3) and CD4 helper 2 cells [38,39]. A limitation of this study was not
identifying T lymphocyte subtypes, such as CD4+ and CD8+, or Foxp3. However, we
suggest the presence of a predominant immunosuppression and tolerance response in the
tumor microenvironment.

The neoplasms with a solid arrangement evaluated were MME (9.8%), SPC (13.1%),
CSP (14.8%), BC (31.1%), and MAME (31.1%). We had few neoplasms diagnosed as
MME and SPC, which may be a limitation regarding the representativeness of the various
histological types of these neoplasms. However, some of them are infrequent, as seen in a
study reclassifying 72 cases of solid carcinomas in female dogs, where MME represented
only 15% of these neoplasms [40].

There was a significant statistical predominance of lymphocytes in relation to neu-
trophils in all samples, corroborating other studies that evaluated the inflammatory infil-
trate in several histological types of mammary neoplasms in female dogs [18,25]. Lym-
phocytes are the most studied cells in the tumor microenvironment of several canine
neoplasms, such as oral and cutaneous melanomas [41,42], urothelial bladder cell carci-
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noma [43], and mammary cancer [15,16,18]. However, few authors specify the areas where
this inflammation is located [17,33,44].

In canine mammary neoplasms with a solid arrangement, the stroma is often scarce
among neoplastic nests, making it difficult to assess stromal lymphocytic inflammation as it
is studied in women. Therefore, we evaluated peritumoral and intratumoral inflammation,
as was already performed in other studies in veterinary medicine [18,33]. In women’s
breast cancer, the evaluation of TILs focusses on the stromal area between neoplastic nests,
and the percentage of the area occupied by the inflammation is used in prognostic and
predictive analysis [45].

In histology, we identified that most of the evaluated neoplasms show a greater amount
of infiltration of TILs in the peritumoral area (72.1%) in relation to the intratumoral area
(p = 0.0001). In the evaluation of lymphocyte subtypes, the majority of neoplasms (93.4%)
showed a significantly higher amount of T lymphocytes than B lymphocytes (p = 0.0001),
similar to what has already been described in women [46], cats [47], and female dogs [17].
There was no statistical difference in the amount of TCD3 lymphocytes between the peri-
and intratumoral areas in the samples, but CD79 B lymphocytes predominated in the
peritumoral area (p = 0.02). Similar to what is seen in breast cancer in women, TCD3+ cells
show reasonable homogeneity in samples and may be around and inside the nests of tumor
cells, while the CD20+ cell, a marker used for B cells in women, is seen in less quantity
and often forming peritumoral aggregates [48]. The formation of peritumoral lymphoid
aggregates, which consist predominantly of B cells, is reported in in situ and invasive
ductal carcinoma of women, indicating a host’s humoral immune response secondary to
the neoplastic cell proliferation [49].

BCs are characterized by compact cell nest formations with cells presenting more
hyperchromatic nuclei, especially in the periphery, where cells are organized into pal-
isades [30]. This may cause greater difficulty in the visualization of lymphocytes within the
tumor nests and may have influenced the lower intensity of intratumoral TILs we found
in this histological type compared to the others (p = 0.02). Thus, we may infer that the
histological and growth patterns of the neoplasm can interfere with the quantification of
TILs, as described in women’s neoplasms [45].

As for immunophenotypes, only luminal A, luminal B HER-2 negative, and luminal
B HER-2 positive immunophenotypes were diagnosed. In this study, neoplasms with
luminal B HER-2 positive and negative immunophenotypes presented significantly higher
density of intratumoral TCD3+ lymphocyte infiltration when compared to those of luminal
A immunophenotype (p = 0.04). The mammary cancer immunophenotype is known to
influence the amount and composition of inflammatory infiltrate in the tumor microen-
vironment [50,51]. Canine luminal A neoplasms may present less activation of genes
that produce proteins associated with immune mechanism and inflammatory stimulus
than B immunophenotype neoplasms [52]. In women, luminal A mammary neoplasms
have also been described as presenting a lower presence of TILs than luminal B HER-2
negative neoplasms [53]. Similarly, TN- and HER-2-overexpressed neoplasms also incite
greater chemotaxis, both of lymphocytes [14,15,39] and neutrophils [23], due to greater
genomic instability.

During the inflammatory process, several growth factors and cytokines that activate
transcription factors are produced, such as NF-kB and STAT-3, which favor cell prolifera-
tion [54]. This is in agreement with what we observed, i.e., the high intensity of intra- and
peritumoral lymphocyte inflammation was observed in neoplasms with a higher mitotic
count and/or higher immunostaining of Ki-67. In the present study, a high mitotic count
was associated with a high density of intratumoral TILs (p = 0.03) and CD79+cells (p = 0.02).
In addition, both the mitotic count and Ki-67 immunostaining were proportionally related



Animals 2025, 15, 287 14 of 19

to the density of peritumoral CD3+ and C79+ cells. As cells proliferate, they can expose
new antigens and induce a greater inflammatory response, primarily by cells of the innate
immune system, such as TCD8 + and NK lymphocytes.

Metastasis to regional lymph nodes was significantly associated with a high density
of intratumoral lymphocytes. This finding corroborates other studies of canine mammary
tumors, describing a higher percentage of BCD79+ cells infiltrating carcinoma in mixed
tumors of animals presenting metastasis to lymph nodes [18] and greater peritumoral
lymphatic invasion in several types of mammary carcinomas when compared to tumors
with a low infiltration of such cells [16]. In canine melanoma, lymph node metastasis is also
related to a moderate amount of intratumoral B cells in the primary neoplasm [42]. In both
women and in experimental mouse models, an increased infiltration of B cells was detected
in the microenvironment of neoplasms that metastasized to lymph nodes [49,55], and many
of those lymphocytes were regulatory B cells, responsible for producing cytokines that
reduce the anti-tumor function of T cells via the secretion of IL-10 [49,56]. In experimental
models, such an increase in tumor B cells is associated with the appearance of stromal cells
in the lymph node and an increase of transcription genes related to important signaling
pathways in pre-metastatic nests in lymph nodes [55]. Even though CD79+ B lymphocytes
were associated with lymph node metastasis in the female dogs of the present study, the
high infiltration of those did not influence the overall and specific survival time. However,
we observed that the presence of lymph node metastasis increased the risk of death due to
the neoplasm by six and three times in univariate and multivariate analysis, respectively,
which makes it an independent prognostic factor. Metastasis to lymph nodes was also a
factor that increased the risk of cancer-related death in female dogs in other studies [18,35].

Although we did not observe a significant association of neutrophils with the pres-
ence of metastasis to lymph nodes, 71,4% of the neoplasms that metastasized had a high
density of peritumoral TANs (p = 0.05). In addition, intratumoral neutrophil infiltration
generated an important difference in the overall survival time of female dogs; those with
low intratumoral density had a median survival time of 425 days, while those with a high
density of neutrophil infiltrate had a median survival time of 210 days (p = 0.04). In human
medicine, few breast cancer articles make this association. One of them describes shorter
survival time in patients with a high density of neutrophil infiltrate but without specifying
the location [24]. To date, no other study associating tumor neutrophil infiltration with the
survival of female dogs with mammary neoplasms is known.

Some studies associate a larger tumor size with a greater presence of TILs in women’s
luminal neoplasms [50,57], but we did not observe a significant association of this variable
with TILs, T cells (CD3+), B cells (CD79+), and neutrophils.

A higher Cox-2 score was associated with higher tumor inflammatory infiltrate in
mammary neoplasms [58] and canine melanoma [41]. However, that finding was not
observed in the present study. This may have occurred because we had only 28.8% of
neoplasms marked for Cox-2, and most of them presented low scores. Cyclooxygenase is
probably not an important factor for inflammatory stimulation in neoplasms with a solid
arrangement; however, further studies should be conducted to confirm this hypothesis.

The blood neutrophil/lymphocyte ratio has been performed in patients with mam-
mary carcinomas and is indicated as a prognostic factor in studies of cats [59]. In female
dogs, a blood ratio >5 N/L before surgery is associated with worse prognosis [60]. Here,
we used the cell count in the tumor microenvironment to associate the ratio of N/L and
CD79+/CD3+ with survival, but it was not significant.

In a study of mammary neoplasms in female dogs, the animals presenting neoplasms
with greater lymphocyte infiltration (>600 lymphocytes/8 fields) had lower survival time,
which was confirmed by the multivariate Cox regression analysis [18]. In the univariate
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analysis, we observed that the high density of intratumoral TILs and intratumoral T
lymphocytes increased the risk of death from the neoplasm by 2.7 and 3 times, respectively,
but this was not confirmed by the multivariate analysis.

We believe that by identifying the type of inflammatory cells present in these canine
mammary tumors and understanding their influence on neoplastic progression, new thera-
peutic measures targeting immune system modulation can be researched and implemented.
Furthermore, it will be possible to correlate the density and location of TILs with the
response to chemotherapy, as described in women, where a higher quantity of TILs has
been associated with a better response to chemotherapy [13,14,39].

5. Conclusions
In our study, we observed that neoplasms with a solid arrangement show a greater pre-

dominance of lymphocytes than neutrophils and mainly TCD3+ cells. TCD3+ cells predom-
inated in the intratumoral area, while BCD79+ cells predominated in the peritumoral area.

The infiltration of lymphocytes and their location in canine mammary neoplasms,
evaluated here, are associated with some prognostic factors in female dogs. Nodal metasta-
sis was associated with a high infiltration of intratumoral CD79+ cells, and shorter survival
time was associated with a high density of TILs and intratumoral T CD3+ cells. Thus,
lymphocyte infiltration, especially the intratumoral infiltration, may be an important fea-
ture in cancer progression, inciting a pro-tumor and regulatory response of the anti-tumor
response and influencing the survival of female dogs with mammary neoplasms with a
solid arrangement. However, in this study, it was not an independent prognostic factor.

We know that in the laboratory routine, the quantitative evaluation of inflammatory
cells in the tumor microenvironment is difficult to carry out. However, the analysis of the
intensity of peri- and intratumoral inflammation from a cutoff point can be performed in
hematoxylin and eosin stains and associated with morphological characteristics to gather
possible prognostic information.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/ani15020287/s1, Figure S1. Canine Mammary Neoplasms with
Solid Arrangement. Malignant Adenomyoepithelioma: A. Neoplastic cells were organized in mantles
or solid nests, with scarce tubules and stroma, HE, bar = 100 µm. B. Immunolabelling for pan-
cytokeratin in the cytoplasm of epithelial cells, bar = 50 µm. C. Immunolabelling for p63 in the
nuclei of myoepithelial cells, bar = 50 µm. Carcinomas with Solid Pattern: D. Neoplastic cells were
organized in solid nests, HE, bar = 100 µm. E. Immunolabelling for pancytokeratin in the cytoplasm
of epithelial cells, bar = 50 µm. F. No immunostaining for p63, bar = 50 µm. Basaloid carcinoma:
G. solid nests surrounded by a layer of peripheral palisading cells (arrow head), multinodular
pattern separated by moderate fibrous stroma (*), HE, bar = 100 µm. H. Central cells immuno-
labelled for pancytokeratin, bar = 50 µm. I. Palisading peripheral cells stained with cytokeratin
14 (arrow), bar = 50 µm. Malignant Myoepithelioma: J. Elongated and rounded cells oriented in
various directions, HE, bar = 100 µm. K. Cells with clear cytoplasm, round nuclei, and intercellular
myxoid material (*), HE, bar = 50 µm. L. Immunolabelling for p63 in the nuclei of myoepithelial
cells, bar = 50 µm. Solid Papillary Carcinomas: M. Papillary projections with multiple layers of
epithelial cells extending from the stroma (arrow), forming a solid appearance, HE, bar = 100 µm.
N. Delicate fibrous stroma (arrow) supporting the layers of epithelial cells, Gomori’s trichrome,
bar = 50 µm. O. Immunolabelling for pancytokeratin in the cytoplasm of epithelial cells, bar = 50 µm.
Figure S2. Immunohistochemistry for estrogen receptor in Canine Mammary Neoplasms with Solid
Arrangement. A. Negative immunostaining (<1%). B. Nuclear staining in a few cells (1–25% of
labeled cells) (arrow). C. 26–50% of labeled cells. D. 51–75% of labeled cells. E. More than
75% of labeled cells. F. Positive control in the mammary gland of a non-neoplastic female dog.
Bar = 50 um. Figure S3. Immunohistochemistry for progesterone receptor in Canine Mammary Neo-
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plasms with Solid Arrangement. A. Negative immunostaining (<1%). B. Nuclear staining in a few
cells (1–25% of labeled cells) (arrow). C. 26–50% of labeled cells. D. 51–75% of labeled cells. E. More
than 75% of labeled cells. F. Positive control in the mammary gland of a non-neoplastic female dog.
Bar = 50 um. Figure S4. Immunohistochemistry for Ki-67 in Canine Mammary Neoplasms with Solid
Arrangement. A. Neoplasm with a high nuclear staining count for Ki-67, showing >20% of cells
with nuclear staining. B. Neoplasm with a low nuclear staining count for Ki-67, showing <20% of
cells with nuclear staining. Bar = 50 um. Figure S5. Immunohistochemistry for HER-2 in Canine
Mammary Neoplasms with Solid Arrangement followed the guidelines of membrane marking score
(Wolff et al., 2013) [36]. A. Neoplasm with score 1. B. Neoplasm with score 2. C. Neoplasm with score
3. Bar = 50 um. Figure S6. Immunohistochemistry for COX-2 in Canine Mammary Neoplasms with
Solid Arrangement, based on a semi-quantitative evaluation of labeled tumor cells in the cytoplasm
(Lavalle et al., 2009) [37]. A. Neoplasm without immunostaining for COX-2. B. Neoplasm with a
score of 1 (less than 10% of cells labeled; weak intensity) (arrow). C. Neoplasm with a score of 3 (less
than 10% of cells labeled; strong intensity) (arrow). Bar = 50 µm.
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