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A B S T R A C T

Mammary neoplasms are the tumors with higher incidence in female dogs. Among the factors that contribute for
the development of this and other neoplasms, the inflammatory tumor microenvironment plays a crucial role.
Several studies reported important roles for lymphocytes, macrophages, plasma cells, neutrophils, eosinophils
and mast cells in this context. In the present study, our aim was to evaluate the number of profile cells of
inflammatory cells and area of tumor fibrosis and the relation of these features with canine mammary tumors of
different histologic and clinical presentation (benign mixed tumor, carcinoma in mixed tumor, solid carcinoma
and tubular carcinoma) Counting and staining of inflammatory cells and tumor fibrosis were performed through
histochemistry, while counting and staining of CD4+, TCD8+ and FOXP3+ lymphocytes were performed
through immunohistochemistry. Statistical analysis of the association between densities of inflammatory cells,
tumor fibrosis and histologic types revealed significant difference for plasma cells (p= .035), neutrophils
(p= .0113), macrophages (p= .0047), and tumor fibrosis (p= .05). The found data suggest associations be-
tween high number of neutrophils and aggressive mammary tumors, between high densities of plasma cells,
macrophages and CD8+ cells and between low number of profile cells of CD4+ cells and less aggressive tumors.
Larger areas of tumor fibrosis showed relation to more aggressive canine mammary tumors.

1. Introduction

Mammary neoplasms represent approximately 50% of the tumor
occurrence in female dogs. These tumors are more frequent in middle-
aged and elderly animals, with no breed predisposition, and may show
correlation with reproductive status, use of progestogen and episodes of
pseudocyesis (De Oliveira et al., 2003).

In addition to the characteristics aforementioned, the inflammatory
microenvironment also plays an important role in tumor development
(Mantovani et al., 2008). It is known that several types of inflammatory
processes, different as to cause, mechanism, consequence and intensity,
may promote neoplastic development and progression (Grivennikov
et al., 2010). Within the tumor microenvironment, angiogenesis is a
fundamental feature, once it is responsible for the formation of a vas-
cular network that facilitates the tumor nutrition and growth, besides
allowing the recruitment of inflammatory cells and spreading of neo-
plastic cells (Hasan et al., 2002; Sharma et al., 2005; Luong et al.,

2006). Based on recent studies, the inflammatory cell types that have
most been addressed in this microenvironment are T and B lympho-
cytes, macrophages and neutrophils (Balkwill et al., 2012).

Among the different populations of T lymphocytes, the cytotoxic T
lymphocytes are characterized mainly by the presence of CD8 marker
and are generally associated with better prognosis (Mahmoud et al.,
2011; Miyashita et al., 2015; Preston et al., 2013). However, Th2
lymphocytes, characterized by the presence of CD4 marker (Fridman
et al., 2012) are related to worse prognostics (Macchetti et al., 2006).
Regulatory T lymphocytes (Treg) are characterized by the im-
munophenotype CD4+ CD25+ FOXP3+ and are associated with worse
prognosis and lower survival (Hsieh et al., 2012).

B lymphocytes and plasma cells are associated with tumor growth
promotion (Fridman et al., 2012) and lower survival rates in human
patients with breast and ovarian cancer (Mohammed et al., 2013;
Lundgren et al., 2016). However, Knief et al. (2016); Yoon et al. (2011)
reported a relationship between the increase in plasma cells and B
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lymphocytes numbers, breast cancers with better prognosis and pro-
longed survival in human patients with esophagogastric transition
adenocarcinoma.

Tumor-associated neutrophils show pro-tumorigenic roles through
angiogenesis stimulation (Nozawa et al., 2006), increased degradation
of extracellular matrix (De Larco et al., 2004) and immunosuppression
(Youn and Gabrilovich, 2010). These cells also exert antitumor activity
through direct cytotoxicity (Dissemond et al., 2003), cell-mediated
cytotoxicity (Guettinger et al., 2010; Hubert et al., 2011) and stimula-
tion of effector T cells (Fridlender et al., 2010).

Regarding the macrophages, Qian and Pollard (2010) reported pro-
tumorigenic effect of these cells in experimental models of cancer, si-
milar to Bingle et al. (2002), who observed worse prognosis in tumors
that showed abundance of this cell type. However, the increase of
macrophages in the tumor microenvironment may also be associated
with better prognosis and prolonged survival in large cell lung carci-
nomas (Almatroodi et al., 2016).

The role of eosinophils in the tumor microenvironment is de-
termined by the release of mediators that recruit CD8+ T cells and
natural killers cells (NK) (Carretero et al., 2015; Furbert-Harris et al.,
2003), guaranteeing antitumor and protective activities. On the other
hand, Amini et al. (2007) showed that eosinophils are not present in
significant number in invasive mammary carcinomas, making it im-
possible to elucidate the role of these cells in these types of neoplasms.

The presence and activity of mast cells in the tumor micro-
environment remain controversial. Some studies reported an associa-
tion between high number of profile cells of mast cells in the tumor
microenvironment, greater release of angiogenic factors and high
number of profile cells of microvasculature in human and canine
mammary carcinomas (Cimpean et al., 2017; Lavalle et al., 2010). On
the other hand, Amini et al. (2007), Dabiri et al. (2004) and Rajput
et al. (2008) observed, in human mammary carcinomas, that a high
number of profile cells of mast cells was related to low grade tumors
and estrogen receptor positivity, to patients without lymph node in-
volvement and to patients with better prognosis, respectively.

In addition to the roles of inflammatory cells, De Kruijf et al. (2011)
and Gujam et al. (2014) demonstrated a prognostic importance of
tumor fibrosis in human mammary neoplasms by verifying a relation-
ship between larger areas of tumor fibrosis, survival time and relapse-
free time. Furthermore, Liu et al. (2014) and Zhang et al. (2015) found
a similar relationship in cervical carcinoma and large cell lung carci-
noma in humans, respectively.

Although the current literature shows several studies that reports
the participation of inflammatory cells and tumor fibrosis in tumor
development and progression in human species, the canine species
lacks data regarding the role of inflammatory tumor microenvironment
in the same context.

The present study aims to evaluate the densities of inflammatory
cells and tumor fibrosis percentage in mammary neoplasms and relate
these parameters to four different histologic types of this neoplasia in
canine species.

2. Material and methods

Samples of mammary neoplasms from 38 bitches were selected from
paraffin blocks of the Comparative Pathology Laboratory - Biological
Sciences Institute of the Federal University of Minas Gerais (UFMG,
Belo Horizonte, MG). Mammary neoplasms were classified according to
the World Health Organization (Misdorp et al., 1999) and the guide-
lines of the second consensus for diagnosis, prognosis and treatment of
canine mammary tumors (Cassali et al., 2014).

Samples were divided in benign mixed tumor (BMT, n=7), carci-
noma in mixed tumor (CMT, n=16), solid carcinoma (SC, n=8) and
tubular carcinoma (TC). Paraffin blocks were cut to a thickness of 3 μm
and, subsequently, either stained with hematoxylin and eosin for tumor
classification, identification of micro invasion or invasion areas and

counting of lymphocyte, plasma cells and macrophages under light
microscopy, or submitted to histochemistry and immunohistochemistry
techniques for counting of mast cells, eosinophils and tumor fibrosis
percentage.

For immunohistochemistry and histochemistry techniques, six cuts
of each histologic type were mounted on gelatinized slides, and then
dewaxed and rehydrated. Antigen retrieval for anti-CD4 antibodies
(VMRD, monoclonal, clone DH29A, 1: 100), anti-CD8 (ABD Serotec,
monoclonal, clone YTS169.4, 1:40), FOXP3 (Spring, polyclonal, clone
SP97, 1: 500) was made with sodium citrate solution (pH=6.0) in
water bath (90 °C/20min). Blockages of endogenous peroxidase and
nonspecific proteins were performed with commercial solutions from
Novolink system (Leica Biosystems Newcastle Ltd., UK) according to
the manufacturer's recommendations. Primary antibodies were in-
cubated for 16 h at 4 °C and, thereafter, the secondary antibody and
polymer (Novolink) were applied according to the manufacturer's re-
commendations. Counterstaining was done with Harris Hematoxylin
and immunoreactivity was revealed with chromogenic solution of 3,3′
diaminobenzidine (DAB) from Novolink system for 3min.

Histochemical staining of toluidine blue (1%) for identifying mast
cells, congo red (0.5%) for identifying eosinophils and Sirius red to
evidence areas of tumor fibrosis were performed according to the
methods already recommended by Prophet et al. (1992) and Meyerholz
et al. (2010).

Images from the four histologic types of tumors were captured on a
Spot Insight Color digital camera adapted to an Olympus BX-40,
through the capture software SPOT® version 3.4.5, to count the in-
flammatory cells and determine tumor fibrosis percentage. To evaluate
the inflammatory infiltrate by H&E staining, images of eight hotspots
(i.e. areas that showed intense concentration of inflammatory cells)
from each slide were captured in 100× objective, followed by differ-
ential counting of lymphocytes, plasma cells, neutrophils and macro-
phages through ImageJ software version 1.41. The values obtained in
the eight hotspots were summed to provide total value of each cell type
and the medians of these values were used to classify the infiltrates as to
their number of profile cells (low, moderate and high) according to
what was proposed by Estrela-Lima et al. (2010).

For counting of eosinophils, mast cells, TCD8+, TCD4+ and
FOXP3+ lymphocytes, images of five hotspots (i.e. areas that showed
intense concentration of inflammatory cells) from each sample were
captured in 40× objective, followed by counting of labeled cells
through ImageJ software (version 1.41). The values obtained in the five
hotspots were summed to obtain the total value of each cell type.

Regarding tumor fibrosis percentage, three images of each histo-
logic type were captured in 10× objective and analyzed with ImageJ
software (version 1.41). For the analysis, each image was decompound
into three other images through the plug-in “color deconvolution”. Each
new image highlighted one single color (cyan, white, magenta), being
that the red color evidenced the areas with and without connective
tissue within the tumor. Tumor fibrosis percentage of each image was
obtained through automatic counting of the pixels of red colored
images, as it is seen in Fig. 2i. From the three found values, a mean was
calculated for each sample.

Kruskal-Wallis and Mann-Whitney and Kaplan–Meyer statistical
tests were performed with GraphPad Prism software (version 6) to
evaluate the relationship between cell types and different histologic
types of mammary tumors. Evaluation of the relationship between
tumor fibrosis and histologic types of mammary tumors was performed
through parametric analysis of variance (ANOVA) and t-test.
Multivariate evaluation encompassing all observed parameters was
done through software R (version 3.2.4).

3. Results

Lymphocytes were the predominant cell type in the inflammatory
infiltrate of all histologic types of mammary neoplasms, while the
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number of profile cells of other cell types varied according to the his-
tological type.

Comparison between different cell types and the four histological
types showed that only plasma cells (p= .035), neutrophils (p= .0113)
and macrophages (p= .0047) presented statistically significant differ-
ences (p < .05) between two or more histological types (Fig. 1).

Solid carcinomas and carcinomas in mixed tumors presented the
highest numbers of plasma cells associated with tumor inflammatory
infiltrate (Fig. 1a). Albeit, in the comparison of plasma cells numbers
between pairs of groups, a statistical significance was found for
BMT×CMT and BMT×SC.

A greater number of neutrophils per area unit was found in CMT and
TC (Fig. 2b) and statistical significance was shown in the comparison
between the pairs of groups TMB×CTM, CTM×CS and CS×TC.

Macrophages were found in less aggressive histologic types, such as
BMT and CMT (Fig. 1c). Regarding the relationship between the
number of these cells per area unit and pairs of histologic types of tu-
mors, we found a statistical significance in CMT×SC and CMT×TC.

In the evaluation of tumor fibrosis percentage for all histologic

types, we observed that tubular carcinomas presented the largest areas.
When fibrosis was compared between different tumors, significant
statistical differences were found between BMT×CMT and BMT×TC.

The multivariate statistical analysis involving the same aforemen-
tioned parameters showed three correspondences. The first correspon-
dence involved benign mixed tumors, low number of lymphocytes per
area unit, low number of plasma cells per area unit and low tumor
fibrosis percentage per area unit. The second correspondence involved
tubular carcinomas, low number of CD8+ cells per area unit and high
number of neutrophils per area unit. The third one showed a relation-
ship between absence of invasion or micro invasion areas, low number
of CD4+ cells per area unit and moderate number of CD8+ cells per
area unit.

4. Discussion

Among the inflammatory cells identified in the present study,
lymphocytes were the most numerous in all histologic types of canine
mammary neoplasms. Although Saeki et al. (2012) and Kim et al.

Fig. 1. Photomicrographs showing inflammatory cells and tumor fibrosis through histochemistry and immunohistochemistry techniques. 1a: Mononuclear in-
flammatory infiltrate in peritumoral region. Fine arrow: Plasma cells. Broad arrow: Macrophages with hemosiderin. Arrowhead: lymphocytes (H&E; 100×). 1b:
Presence of mast cells in peritumoral region (arrow) (toluidine blue 40×). 1c: Identification of infiltrated eosinophils in the tumor stroma (arrow) (red congo; 40×).
1d: Arrow: FOXP3+ cells (counterstaining with Harris hematoxylin; 40×). 1e: Arrow: CD4+ cells (counterstaining with Harris hematoxylin; 40×). 1f: Arrow: CD8+

cells (counterstaining with Harris Hematoxylin; 40×). 1 g: Areas of intratumoral fibrosis (*) (red sirius; 10×). 1 h: area of intratumoral fibrosis after decomposition
of the image through ImageJ software. 1i: adjustment of color threshold for fibrosis counting. 1j: positive control for CD4+ staining (dog lymph node, 40×). 1 k:
positive control for FOXP3+ (dog lymph node, 40×).
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(2013) found a relationship between high number of lymphocytes per
area unit in the inflammatory infiltrate and aggressiveness in canine
mammary tumors, the present study did not verify such relationship,
but complemented these data by showing, through multivariate statis-
tical analysis, a relationship between low number of lymphocytes per
area unit and less aggressive canine mammary tumor, such as benign
mixed tumors. Furthermore, cytotoxic T and T helper subtypes were
also related to some parameters as discussed below.

According to the studies of Mahmoud et al. (2011), Miyashita et al.
(2015) and Preston et al. (2013), the increase in cytotoxic T lympho-
cytes (CD8+) is associated with better prognosis in human breast
cancer, especially in the CD8+/FOXP3+ ratio. In the present study,
multivariate statistical analysis showed an important association be-
tween tubular carcinomas and low CD8+ cells. This finding reflects the
importance of cytotoxic T lymphocytes in the fight against tumor cells
and reinforces the immunomodulatory action of aggressive tumors,
which may be directly responsible for the low number of CD8+ cells in
the inflammatory infiltrate.

However, the high number of profile T helper lymphocytes (CD4+)
was associated to both presence of metastases and lower survival rates,
especially in the presence of low number of cytotoxic T lymphocytes
(CD8+), according to Carvalho et al. (2014), Estrela-Lima et al. (2010)
and Macchetti et al. (2006). In the present study, no relationship was
found between CD4+/CD8+ ratio and the parameters evaluated above.
However, it was verified that a low number of CD4+ cells in canine
mammary neoplasms could be related to the absence of invasion or
microinvasion areas, leading to the conclusion that CD4+ cells may
play a role, even indirectly, in metastatic mechanisms.

Regarding the macrophages, a higher number of these cells were
found in malignant tumors with better prognosis (CMT), but no re-
lationship with survival, invasion and metastasis was observed. These
findings contradict what was pointed out by Król et al. (2011, 2014)
and Raposo et al. (2014), who verified that an increase of tumor as-
sociated macrophages (TAMs) was related to increased invasion and
metastasis and decreased survival in patients, which are characteristics
of more aggressive neoplasms. However, it is important to point out
that, in the present study, immunohistochemistry technique was not
used to identify and differentiate subpopulations of M1 or M2

macrophages. The fact that M1 macrophages are related to innate im-
munity and, therefore, aimed at cytotoxic action, may justify a greater
presence of this immunophenotype in carcinomas in mixed tumors,
showing a relationship between the high number of macrophages per
area unit and less aggressive tumors. An immunohistochemical char-
acterization of macrophages in carcinomas in mixed tumors would be
interesting to verify this hypothesis.

Higher numbers of neutrophils appeared mainly in carcinomas in
mixed tumors and tubular carcinomas. In multivariate analysis, high
number of neutrophil per area unit showed a relationship with tubular
carcinomas. This data suggests a relation with more aggressive tumors,
as described by Nozawa et al. (2006) and Youn and Gabrilovich (2010).
However, solid carcinomas were also expected to exhibit large neu-
trophil populations, since this was the most aggressive histologic type
of this study. Instead, carcinomas in mixed tumors were the neoplasms
that showed number of neutrophils per area unit similar to tubular
carcinomas. Nevertheless, significant results for lymphocyte/neutrophil
and plasma cell/neutrophil ratios in carcinomas in mixed tumors in-
dicate that higher proportions of lymphocytes and plasma cells over
neutrophils are related to less aggressive neoplasms, suggesting that
these three cell types are closely related in the development and pro-
gression of neoplasms.

The values that were found for plasma cells do not agree with the
data of Yoon et al. (2011) and Knief et al. (2016) who found an asso-
ciation between the presence of plasma cells and better prognosis in
human breast cancer and prolonged survival in human patients with
high number of plasma cells and B lymphocytes in esophagogastric
transition adenocarcinoma, respectively. In the present study, plasma
cells have been shown to be associated with more aggressive neo-
plasms, as the studies of Fridman et al. (2012), Mohammed et al. (2013)
and Lundgren et al. (2016) point out.

As in the studies of De Kruijf et al. (2011) and Gujam et al. (2014),
which showed a relationship between larger areas of tumor fibrosis and
human patients with worse prognosis, the present study suggests that
this relationship may also be true for more aggressive canine mammary
tumors, such as tubular carcinomas. In addition, multiple correspon-
dence analysis showed a relationship between low fibrosis percentage
and benign mixed tumors, reinforcing the importance of fibrosis in the

Fig. 2. Graphics showing the medians of plasma
cells, neutrophils and macrophages per area unit and
percentage of tumor fibrosis area for each histologic
type of canine mammary tumor. 2a: Graphic
showing median values of plasma cells per histologic
type. *Statistical difference when compared with
BMT (p= .03). **Statistical difference when com-
pared with BMT (p= .01). Fig. 2b: Graphic showing
median values of neutrophils per histologic type.
*Statistical difference when compared with BMT
(p= .001) and SC (p= .001). **Statistical difference
when compared with TC (p= .04). Fig. 2c: Graphic
showing median values of macrophages per histo-
logic type. *Statistical difference when compared
with SC (p= .0004) and TC (p= .007). Fig. 2d:
Graphic showing median percentage of intratumoral
fibrosis per histologic type. *Statistical difference
when compared with BMT (p= .05). **Statistical
difference when compared with BMT (p= .01).
BMT: benign mixed tumor. CMT: carcinoma in mixed
tumor. SC: solid carcinoma. TC: tubular carcinoma.
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tumor progression.
Another important observation is that, although solid carcinomas

are the most aggressive tumors among the histologic groups, the tumor
fibrosis percentage in this group was lower than in tubular carcinomas
and even in carcinomas in mixed tumors. This can be explained by the
characterization of solid carcinomas, which consists of a proliferation of
organized epithelial cells in a solid array with a quantity of stroma
varying from little to moderate (Cassali, 2002). Another important
factor that concerns the difference observed in carcinomas in mixed
tumors is the histological characterization of these neoplasms, which
includes the benign proliferation of mesenchymal cells with formation
of cartilage or bone, possibly combined with the formation of myxoid
fibrous tissue (Misdorp et al., 1999; Cassali et al., 2012), justifying a
larger area of tumor fibrosis.

5. Conclusion

The results presented in this study suggest that high densities of
neutrophils and plasm cells are related to more aggressive mammary
neoplasms, while high number of macrophages and TCD8+ cells and
low number of TCD4+ lymphocytes are associated with less aggressive
neoplasms. The tumor fibrosis percentage has been shown to be a fea-
ture that is related to more aggressive mammary tumors, such as tub-
ular carcinomas, which may indicate its use for prognostic purposes
also in veterinary medicine.
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