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The inflammatory infiltrate in the tumor microenvironment, particularly in mammary
tumors, has aroused great interest in oncology, to play different roles in the progression or
tumor regression dependent on the types and cell subsets involved. The present study aimed to
evaluate (1) the occurrence and intensity of macrophage infiltration in the mammary carcinoma
microenvironment, (2) the expression of SOCS1 and SOCS3 proteins in tumor associated
macrophages, (3) any association between these parameters and tumor development, as well
as survival rates in female dogs. Twenty-two female dogs diagnosed as carcinoma arising in a
mixed tumor (CMT) by histopathology were divided into two groups following mastectomy:
dogs without metastasis (CMT(-)=11) and those with metastasis (CMT(+)=11). The following
parameters were analyzed: tumor size, lymph node metastasis, clinical stage, histological
grade, distribution and intensity of inflammatory infiltrate, tumor macrophage quantification
by immunohistochemical analysis of SOCS1 and SOCS3 expression, and immunophenotyping
of peripheral blood leukocytes by flow cytometry. Dogs with the higher proportions of
macrophages in the inflammatory infiltrate (2400 /tumor) also had higher survival rates in
comparison with dogs with less macrophages. Immunostaining revealed higher proportions
of SOCS3-positive macrophages in dogs without lymph node metastasis, while SOCS1-positive
macrophages were predominant in dogs with metastasis (p<0.05). Multivariate analysis
found associations between survival rate and clinical staging (p=0.025), histological grade
(p=0.007), and the expression of MHC-CI in circulating monocytes (p=0.018). Higher SOCS3
expression in activated macrophages within the inflammatory infiltrate were considered
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indicative of an antitumor immune response, improved clinicopathological parameters and
longer survival, whereas SOCS1-related activation was associated with tumor progression,
metastasis development and reduced survival in female dogs with mammary carcinomas.

INDEX TERMS: Canine mammary carcinoma, tumor, dog, macrophages, cytokine, dogs, pathology.

RESUMO.- [Correlacgido do infiltrado macrofagico com a
sobrevida e a expressao da proteina SOCS no carcinoma
mamario canino.] O infiltrado inflamatério no microambiente
tumoral, particularmente nos tumores mamarios, tem despertado
grande interesse na oncologia, por desempenhar diferentes
fungdes na progressao ou regressao tumoral, dependendo
dos tipos e subtipos celulares envolvidos. O presente estudo
teve como objetivo avaliar: (1) a ocorréncia e a intensidade do
infiltrado macrofagico no microambiente do carcinoma mamario;
(2) a expressao das proteinas SOCS1 e SOCS3 nos macréfagos
associados ao tumor; (3) qualquer associa¢do relacionada
ao prognostico entre estes parametros e o desenvolvimento
tumoral, assim como a taxa de sobrevida. Vinte e duas cadelas
diagnosticadas com carcinoma em tumor misto (CTM) por
exame histopatolégico foram divididas em dois grupos apds a
mastectomia: cadelas sem metastase (CTM(-)=11) e cadelas
com metastase (CTM(+)=11). Foram analisados os seguintes
parametros: tamanho do tumor, metastase para linfonodo,
estadiamento clinico, grau histolégico, distribuigdo e intensidade
do infiltrado inflamatério, quantificacdo dos macroéfagos
tumorais por analise imuno-histoquimica da expressio de
SOCS1 e SOCS3, e imunofenotipagem dos leucécitos (mondcitos
e linfocitos) do sangue periférico por citometria de fluxo.
Cadelas que apresentavam maiores proporg¢des de macréfagos
no infiltrado inflamatério (2400/tumor) também tiveram
maior taxa de sobrevida em comparac¢do aquelas com menos
macro6fagos. A imunomarcagio revelou maiores proporgdes
de macréfagos SOCS3-positivos em cies sem metastase para
linfonodo, enquanto que macréfagos SOCS1-positivos foram
predominantes naqueles com metastase (p<0,05). A andlise
multivariada identificou associacdes entre a taxa de sobrevida
e o estadiamento clinico (p=0,025), grau histologico (p=0,007)
e a expressdo de MHC-CI em mondcitos circulantes (p=0,018).
A maior expressido de SOCS3 nos macro6fagos ativados foi
considerada indicativa de uma resposta imune antitumoral,
melhores parametros clinicos e maior taxa de sobrevida, ao
passo que a ativacado relacionada com SOCS1 foi associada a
progressdo tumoral, desenvolvimento de metéstase e redugdo
na taxa de sobrevida em cadelas com carcinoma mamario.

TERMOS DE INDEXAGAO: Carcinoma mamério canino, tumor, cadela,
macroéfagos, citocina, caninos, patologia.

INTRODUCTION

Macrophages are important innate immune cells that
play essential roles in the primary response to pathogens,
normal tissue homeostasis, the presentation of foreign
and self-antigens following infection or injury, resolution
of inflammation and wound healing. Like other immune
effector cells, macrophages exhibit multiple subtypes and
take on various phenotypes depending on conditions in the
microenvironment (Mantovani 2007). Additionally, among
inflammatory cells, these are the primary cell type involved
in the response to neoplastic stimulation, as well as the

second most common cell type found in the inflammatory
infiltrate of mammary carcinomas in dogs, surpassed only
by lymphocytes (Estrela-Lima et al. 2010).

Tumor-associated macrophages (TAMs) have been classified
as analogous to Th1/Th2 cells in two distinct states of polarized
activation: classically activated (M1) and alternatively activated
(M2) macrophage subsets (Murray & Wynn 2011). The M1
macrophages are considered pro-inflammatory, since they
secrete high levels of proinflammatory cytokines (e.g., TNF-a,
IL-1,IL-6,1L-12 and IL-23) and have increased concentrations
of superoxide anions, reactive oxygen and nitrogen species
(Fairweather & Cihakova 2009, Sindrilaru et al. 2011).
Furthermore, M1 macrophages can express high levels of MHC
class I and II antigens and secrete complement factors that
facilitate complement-mediated phagocytosis (Mantovani et al.
2004). Alternatively activated M2 macrophages, considered
anti-inflammatory, promote healing and tissue repair, and may
stimulate tumor progression by the production of cell growth
factors, anti-inflammatory cytokines and immunomodulators
in Treg cells (Mantovani 2007).

Some authors have suggested that M1 macrophages,
derived from pro-inflammatory activation, may be important to
anti-tumor immunity and can be related to a better prognosis,
while M2 macrophages are associated with a poorer prognosis,
tumor progression and metastasis (Mantovani et al. 2002).
The M2 cells function as promoters of neoplastic growth by
producing growth factors related to angiogenesis and tissue
remodeling (Mantovani et al. 2002, Martinez et al. 2009).
In human breast carcinomas, the presence of pro-inflammatory
TAMs in inflammatory infiltrate is related to a better response
to chemotherapy, while reduced survival rates are related
to macrophages activated by anti-inflammatory cytokines
(Ono 2008, Heys etal. 2012, Hu etal. 2012). Other authors have
attempted to determine whether the macrophage activation
state inhibits the expression of some proteins (Italiani &
Boraschi 2014), among them SOCS (suppressor of cytokine
signaling), regulators of negative feedback signaling of cytokines
involved in the JAK-STAT pathway. The SOCS proteins 1 and 3
have been comprehensively studied due to their high action
potential, as well as involvement in inflammation and tumor
development (Starr & Hilton 1998). The SOCS3 was found to
be required for the classical macrophage activation, which is
mediated by IL-6, while SOCS1, activated by [FN-y, was shown
to be needed for alternative activation in a study performed
in women (Heys et al. 2012, Qin et al. 2012).

The clinicopathologic outcome of neoplasms associated
with the balance between such ambivalent macrophages
reflects the functional plasticity of these cells, which may
have different functions in response to stimuli from the
tumor microenvironment (Heys et al. 2012). The study of
the inflammatory infiltrate in the tumor microenvironment,
particularly in mammary tumors, has aroused great interest
in human and veterinary oncology. It seems that the degree
of tumor-associated inflammation and the predominant
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cell types and subtypes involved are associated with tumor
progression or regression in response to treatment, in
addition to influencing survival rate (Estrela-Lima etal. 2010,
Heys et al. 2012, Kim et al. 2012, Saeki et al. 2012).
Accordingly, in light of the dearth of information pertaining
to different profiles of macrophage activation in mammary
carcinomas, the present study aimed to evaluate the density
of TAMs in the tumor microenvironment, as well as the
expression of SOCS 1 and 3 as markers related to activation
status. Additionally, correlations between these parameters
and the outcome of tumor progression, treatment response
and survival were assessed as potential prognostic and
predictive markers in canine mammary carcinoma.

MATERIALS AND METHODS

Ethics statement. All procedures performed in this study were
conducted in compliance with the guidelines established by the
Colégio Brasileiro de Experimentag¢do Animal (Brazilian College of
Animal Use in Experimentation, COBEA). The present study received
approval from the Comissio de Etica no Uso de Animais (Review
Board on the Use of Animals, CEUA) of the Universidade Federal da
Bahia, Brazil (protocol no. 11/2013).

Animal groups. Twenty-two purebred or mixed-breed female
dogs, aged 8-18 years, were included following routine examination at
the Teaching Hospital of Veterinary Medicine of the Federal University
of Bahia (UFBA). Sample selection was performed between March
2013 and February 2015.

All dogs underwent a comprehensive clinical examination,
including detailed evaluation of physiological parameters, analysis
of historical evolution and reproductive records along with
hematological analysis. The dogs that had mammary neoplasms
were physically evaluated to assess tumor location and features
(size, presence of inflammatory reaction and/or ulceration), as
well as evidences of regional lymph node metastasis. All dogs
with a mammary tumor bigger than 3cm in size were subjected to
mastectomy, and tumor samples categorized by histopathological
evaluation (Misdorp etal. 1999, Cassali et al. 2014). Finally, female
dogs diagnosed with CTM were selected.

The CTM dogs were distributed into two groups based on
histological analysis of the lymph nodes, as follows: i) no lymph
node metastasis CMT(-) (n=11) or lymph node metastasis CMT(+)
(n=11). Exclusion criteria were the prior use of anti-neoplastic drugs,
anti-inflammatory drugs or antibiotics within the 30 days prior to
surgical excision, co-morbidity with infectious diseases or distant
metastasis (Estrela-Lima et al. 2010).

Clinical evaluation and mastectomy. Following a thorough clinical
examination, female dogs were categorized by a complete staging
determined from information on the size tumor (T), involvement
of regional lymph node (N) and the presence or absence of distant
metastases (M) (TNM system) (Owen 1980). Macroscopic evaluation
of the inguinal and axillary lymph nodes was performed by palpation.
Neoplastic involvement was confirmed by histopathological examination
of the lymph nodes following mastectomy. Radiological examinations
of the chest in three planes, laterolateral right and left (LL) and
ventrodorsal (VD), were performed to investigate lung metastasis.

All dogs were subjected to unilateral radical mastectomy, including
the removal of the inguinal lymph nodes. Dogs were fitted with a
compression bandage and monitored for 48 hours post-surgery.

Histological classification and grading. Fragments of the affected
mammary gland, including skin and subcutaneous tissue surrounding
the regional lymph nodes, were fixed in phosphate-buffered 10%
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neutral formalin and embedded in paraffin. Histological sections
(4-um thick) were stained by hematoxylin-eosin (HE) (Luna 1968).
Duplicate slides were prepared and analyzed by two veterinary
pathologists. All tumor samples were identified according to
the histological classification established by the World Health
Organization (WHO) (Misdorp et al. 1999) and the Consensus for
the Diagnosis, Prognosis and Treatment of Canine Mammary Tumors
(Cassali et al. 2014). The Nottingham histological grading system
was used, including tubular differentiation percentage, assessment
of nuclear pleomorphism and mitotic index (Elston & Ellis 1993,
Cassali et al. 2014).

Morphological and morphometric analysis of inflammatory
infiltrate. The inflammatory response corresponding to each tumor
sample was characterized according to intensity (discrete, moderate
or intense) and distribution (focal, multifocal and diffuse). Under
morphometric analysis, eight “hot spot” histological fields were
selected for quantification (i.e., the fields with the most representative
inflammatory responses observed in each case).

Morphometric analysis was then performed in these eight
identified and marked fields, with images captured on a digital
camera (Zeiss Axiocam/CC5) adapted to a microscope (Carl Zeiss
Scope.A1) using Zeiss Zen 2012 Software (Blue Edition-Service
Pack 1)® and Corel DRAW® version X7 software for image analysis.
Lymphocytes, macrophages, plasma cells, neutrophils and eosinophils
were identified according to morphological characteristics and then
quantified (Estrela-Lima et al. 2010).

Cell counts were obtained by totaling the eight fields laterolateral
right and left analyzed and mean values were used to determine
intensity. The intensity of inflammatory infiltrate was classified as
follows: i) discrete, less than 500 inflammatory cells; ii) moderate,
when inflammatory cells totaled 500-1,000; and iii) severe, when
more than 1,000 inflammatory cells were identified. The intensity
of tumor-associated macrophage (TAM) infiltration was determined
as i) discrete to moderate (mean <400), or ii) intense (mean 2400)
(Estrela-Lima et al. 2010).

Immunohistochemical analysis. The immunohistochemical
analysis of CD68 (mouse anti-human; Serotec - MCA5709, 1:60,
Oxford, UK), SOCS1 (rabbit polyclonal IgG; Santa Cruz - SC-9021,
1:60, USA) and SOCS3 (rabbit polyclonal IgG; Santa Cruz - SC-9023,
1:80, USA) antibodies (macrophages and expression of SOCS proteins,
suggesting their activation subtypes, respectively) was performed
using 4-pum sections of each sample collected on gelatinized slides.
All slides were deparaffinized, then rehydrated in a series of
progressively diluted alcohol solutions and subjected to antigen
retrieval in pH 6.0 citrate buffer (Target Retrieval Solution) (SOCS
1 and 3) in a water bath (95°C for 20 minutes, with the exception
of slides used for the detection of CD68. For enzyme treatment,
proteinase K was incubated in a moist chamber for five minutes at
room temperature. Subsequently, all slides were incubated in 3%
hydrogen peroxide in methanol to block the activity of endogenous
peroxidase for 15 minutes. After cooling, slides were covered with
blocking serum (Lab Vision™ Ultra V Block - Thermo Scientific)
for 15 minutes. Histological sections were incubated with primary
antibody for 1h at 25°C and then polymerized (ADVANCE-HRP
ready-to-use DakoCytomation). Finally, sections were exposed to
chromogen 3,3-diaminobenzidine and counterstained with Mayer’s
hematoxylin. Negative controls were obtained by replacing the
primary antibody with PBS and normal serum.

Immunophenotyping of circulating monocytes by flow cytometry.
To evaluate cellular immune response, 4mL of blood from all dogs were
collected (30 minutes before performing mastectomy). Peripheral
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blood was collected into sterile 5mL disposable syringes via jugular
venipuncture, then transferred into sterile EDTA-containing tubes
keptatroom temperature. Hematological and immunophenotypical
parameters were evaluated by an automatic blood cell analyzer
(ADVIA 60°®, Bayer HealthCare, Tarrytown, USA) and a flow cytometer
(FACScalibur, Becton Dickinson, San Jose, USA).

Monoclonal antibodies anti-CD14 Cy5, anti-MHCI FITC and
anti-MHCII RPE (Serotec Ltd, Oxford, England) were diluted in
PBS-W (phosphate buffered saline-PBS = 0.15M, 8g/L NaCl, 2g/L KCl,
2g/LKH,PO, and 1.15g/L Na,HPO,, pH 7.2 with 0.5% bovine serum
albumin (BSA), and 0.1% sodium azide) at a previously established
dilution (Estrela-Lima et al. 2010).

Whole blood samples containing EDTA (40uL) were individually
transferred into conical polystyrene tubes measuring 12x75mm
(FALCON®; Becton Dickinson) containing 1uL of anti-MHCI (FITC)
+ 2pL anti-MHCII (R-PE) + 1pL anti-CD14 (Cy5). Each sample was
thoroughly homogenized and incubated at room temperature for
30 minutes, protected from light. Next, cells were lysed by adding 3mL
of lysing solution (FACS LYSING SOLUTION; Becton Dickinson) under
vortexing. The cell suspension was allowed to stand for 10 minutes
atroom temperature, protected from light, and then centrifuged at
400xg for seven minutes at room temperature. After centrifugation,
the supernatant was discarded by decanting the tube, and the cell
pellet was then homogenized by vortexing at low speed. Next,
3 mL of PBS-W was added, and the cellular suspension was again
centrifuged at 400xg for seven minutes at room temperature; the
supernatant was again discarded, and the pellet was resuspended
and homogenized thoroughly; this final wash was then repeated
once again. Cells were fixed with 100pl of MaxFacsFix (MFF) fixative
solution (10.0g/L paraformaldehyde, 10.2g/L sodium cacodylate and
6.65g/L sodium chloride, pH 7.2), then subjected to flow cytometry
analysis, which evaluated 10,000 events. Same-species, same-isotype
antibodies were similarly obtained (Serotec - Oxford, England) and
used as negative controls.

Cells were analyzed by a FACScalibur cytometer (Becton Dickinson)
coupled to a computer system running BD CellQuest software
(CELL Quest®). Phenotypic characterization by flow cytometry
included the simplified analysis of three cell parameters: size, as
determined by laser diffraction; granularity “Forward scatter” (FSC),
i.e. granularity or internal complexity, as determined by lateral
refraction and reflection of the laser beam; “Side Scatter” (SSC), and
the relative intensity of each fluorescence signal.

Data collection began with the cytometric identification of the
cell population of interest (R1) after gain adjustment size (FSC) and
granularity (SSC) and/or fluorescence (FL1, FL2 and FL3). After
selecting the region of interest (R1), the analysis of phenotypic aspects
was performed using two different approaches: i) by considering the
percentage of positive cells expressed graphically in terms of timely
dispersion of fluorescence, corresponding to the positive population
for the relevant marker; and ii) by evaluating mean fluorescence
intensity (MFI), determined as the density of expression of a
particular phenotypic marker displayed by logarithmic histogram.
The first approach was used to quantify cell phenotypes presenting
bimodal distribution, i.e., the cell phenotypes that are characterized by
positive and negative populations with respect to a given phenotypic
marker. The second approach used a semi-quantitative analysis of
phenotypic marker expression with univariate distribution - i.e., the
total cell population of interest constitutively expressed by a given
phenotypic marker. In these situations, changes in the expression
density can occur, promoting the shift of the cell population along
the fluorescence intensity axis. For each sample analyzed, a control

reaction was performed to assess the quality of the cellular profile
and to detect possible nonspecific fluorescence.

Survival rates. The follow-up for determining overall survival
and clinical outcomes was performed by clinical examination and
laboratory testing (CBC and serum biochemistry - urea, creatinine,
ALT and FA) every 30 days for at least nine months after surgery.
Radiological examinations were carried out every 90 days. Overall
survival time was defined as the number of days between the date
of surgical excision of the primary tumor and death. All dogs that
died were necropsied to determine cause of death and to detect
metastasis.

Statistical analysis. Data were submitted to the Kolmogorov-Smirnov
test to evaluate distribution normality. For parametric and non-parametric
data, Student’s t-test/Mann-Whitney U test or ANOVA/Kruskal-Wallis
one-way analysis of variance were used, respectively. Correlations
were investigated using Pearson’s or Spearman’s tests. Survival curves
were estimated using the Kaplan-Meier method and compared by
log-rank testing (Mantel-Cox) or Cox univariate and multivariate
analysis by correlating the intensity of macrophage infiltration with
clinical and pathological responses.

Data were grouped according to: histological diagnosis (CMT);
metastasis in lymph nodes (Y or N); clinical stage (11, I1I, IV or V);
histologic grading (I, II or III); inflammatory distribution (focal,
multifocal or diffuse), inflammatory intensity (discrete, moderate
or intense); TAM infiltration intensity (<400 or 2400); percentage
of SOCS protein expression by macrophages (250% = positive
for SOCS1 or SOCS3); and survival rate (low: <6 months, or high:
>6 months). Inall cases, p<0.05 was considered statistically significant.
Analyses were performed using Prism 5.0 software (GraphPad, San
Diego, USA) and SPSS v. 17 (SPSS Inc., Chicago, USA).

RESULTS

Clinicopathological evaluation

Among the studied dogs (n=22), all with mammary tumors,
poodles was the most frequent breed (10/22, 45.45%), followed
by mongrel dogs (7/22,31.80%), with amean age of 12 years
(age range of 8-15 years). The inguinal mammary glands (8/22,
36.36%) were the sites most affected by tumors, regardless
of side, with most tumors measuring >5cm (17, 77.27%),
8 CMT(-)/9 CMT(+). Clinical stage III was predominant
(14/22, 63.6%) 7 CMT(-)/7 CMT(+), as well as histological
grade 11 (21/22, 95.46%). None of the dogs presented with
clinical evidences of metastasis; however, 11 (50%) had
metastases in the regional lymph node. Multicentric tumors
were observed in 72.72% (16/22) of the dogs, exhibiting
variable histological types.

Morphologic, morphometric and immunohistochemical
analysis of tumor-associated inflammatory infiltrate
Morphological evaluation of the samples obtained by excisional
biopsy revealed that tumor-associated inflammatory infiltrate
exhibited moderately intense infiltration with predominantly
mononuclear cells in multifocal distribution in all dog groups
(Fig.1). Lymphocytes were the predominant cell population
in all groups. Macrophages were more frequently found in
the group of dogs without metastasis in comparison to the
group that presented metastasis (Fig.2). Quantitative analysis
performed on HE-stained slides confirmed cell morphology
and immunostaining with the CD68 antibody. TAM 2400
was significantly associated with a high histological grade
(p=0.029) (Table 1). Histological sections immunostained with
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Fig.1. Histological diagnosis of canine mammary carcinoma and immunohistochemical staining for SOCS1 and SOCS3. (A) Carcinoma arising

in a mixed tumor (CMT) associated with focal inflammatory infiltrate. HE, obj.40x. (B) Immunostained macrophages with cytoplasmic
staining for SOCS1. (C) Immunostained macrophages with cytoplasmic staining for SOCS3.
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Fig.2. Composition of inflammatory infiltrate in carcinoma arising in a mixed tumor (CMT). Subcategorized according to (A) the absence (-) or
(B) presence (+) of lymph node metastasis. Inflammatory cells were characterized by image analysis. L = lymphocytes, M = macrophages,

P = plasma cells, N = neutrophils, E = eosinophils.

anti-SOCS1 and anti-SOCS3 antibodies revealed predominant
expression of SOCS1 (p=0.0097) in TAMs from dogs with
metastasized lymph nodes, while SOCS3 expression was
predominant in the TAMs of dogs without metastasis of the
lymph nodes (p=0.014) (Fig.3).

Immunophenotyping of circulating monocytes by flow
cytometry

Immunophenotyping of peripheral blood by flow cytometry
showed no significant differences with respect to the expression
of MHC-CI and MHC-CII molecules, or CD14* monocytes,
among the four groups of studied dogs (Fig.4).

Pesq. Vet. Bras. 38(10):1972-1980, outubro 2018

Clinicopathological outcome and survival rate

No significant differences were seen in clinical examinations
and blood counts performed preoperatively, regardless of
the presence or absence of lymph node metastasis. During
follow-up, 15 of the 22 dogs died. Twelve of these 15 dogs were
necropsied, and metastases were identified in the skin, liver,
kidneys and lungs, in addition to paraneoplastic syndromes.
Hypovolemic shock was the most frequent cause of death,
particularly in the dogs with indicators for chemotherapy
treatment (high histological grade and metastasis). The minimum
survival period after surgery was 60 days, while the longest
period was 695 days-within the limits of the study follow-up
timeframe (Fig.5).
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Fig.3.SOCS1 and SOCS3 protein expression in macrophage infiltrate in excisional biopsies of dogs with carcinoma arising in a mixed tumor
(CMT). (A) The group of dogs without metastasis presented the largest number of TAMs positive for SOCS3; p=0.014. (B) The group
of dogs with metastasis presented the largest number of TAMs positive for SOCS1; p=0.0097.

Table 1. Associations between clinical and pathological
parameters and tumor-associated macrophage density
(<400 or 2400)

Table 2. Univariate and multivariate analysis of
clinicopathological parameters associated with high
tumor-associated macrophage density (2400)

Macrophage density
<400 =400

Parameters p-value

Condition  Alive 5(22.73%) 6 (27.27%) 0.65

Deceased 5(22.73%)  6(27.27%)
Survival <180 days 1 (4.55%) 4(18.18%) 0.097
>180 days 9(40.91%)  8(36.36%)
Metastasis No 5(22.73%)  5(22.73%) 0.696
Yes 5(22.73%) 7 (31.1%)
Histologic 1 4 (18.18%) 0(0.00%) 0.029*
grade 2 6(27.27%) 12 (54.55%)*
Size 3-5cm 4 (18.18%) 1 (4.55%) 0.105
>5cm 6(27.27%) 11 (50.00%)
Inflammatory Peri 4 (18.18%) 1 (4.55%) 0.105
distribution  jprg 6(27.27%) 11 (55.00%)
Inflammatory Discreet 1 (4.55%) 0 (0.00%) 0.467

intensity Moderate

Intense

4(18.18%) 4 (18.18%)
5(22.73%) 8 (36.36%)
*Significant difference, i.e. p<0.05. Fisher’s exact test.

A comparison of survival curves stratified according
to TAM level (<400 or 2400) revealed that the dogs with
TAM 2400 (average survival=364 days) presented higher
rates of survival, but without statistical significance (Fig.5).

Univariate and multivariate analyses

Univariate analysis of clinicopathological parameters
correlated with higher density TAM (2400) revealed associations
with clinical staging (p=0.006), histological grading (p=0.015),
tumor size (p=0.011) and the expression of MHCI molecules
in circulating monocytes (p=0.001). Similar results were
observed under multivariate analysis, in which a significant
relationship was observed between TAM and clinical staging
(p=0.025), grading (p=0.007), survival (p=0.045) and the
expression of MHCI molecules in circulating monocytes
(p=0.018) (Table 2).

Analysis type
Parameters
Univariate Multivariate
Clinical stage 0.006* 0.025*
Histologic grade 0.015* 0.007*
Size 0.011* 0.078
Lymph node metastasis 0.696 0.572
Survival 0.084 0.045*
State of activation of TAM 0.696 0.721
IMF CD14*MHC II* 0.335 0.944
IMF CD14*MHC I* 0.001* 0.018*
Inflammatory distribution 0.072 0.078
Inflammatory intensity 0.303 0.140

*Selected for univariate and multivariate analysis. For univariate analysis,
was used Spearman’s correlation between variables. For multivariate
analysis, was used logistic regression. Significant differences were
considered when p<0.05.

DISCUSSION

The roles played by TAMs in canine mammary carcinomas are
not yet fully understood. As such, correlations between the
predominant immunophenotypical features of the macrophage
infiltrates and classic prognostic factors may offer some
insightinto associations between the hostimmune response
and disease progression.

As in other studies conducted by our group, the results
detailed herein do not present evidence regarding a
particular breed’s predisposition to mammary tumors, yet a
higher frequency was again found in poodles and mongrels
(Estrela-Limaetal. 2010, Toribio et al. 2012). It is important
to note that these higher frequencies might very likely be a
reflection of breed preferences by owners, as observed since
the beginning of the last decade (i.e. from 2000 on). At the
time of diagnosis, the dogs’ ages ranged from six to 14 years,
with a median of 10 years, which is consistent with the age
of risk reported by other studies (Lim et al. 2015).
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mixed tumor (CMT). Dogs were subjected to quarterly monitoring after surgery, and survival rate (%) is expressed in days. Survival
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Morphological analysis of the tumor-associated inflammatory
infiltrates in the present study indicated that lymphocytes were
the most frequent cell type observed among immune cells,
followed by macrophages. These findings are congruent with
other reports in the human (Heys et al. 2012) and veterinary
literature (Estrela-Lima et al. 2010).
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A high density of TAM (2400) was significantly associated
with high histologic grades in the dogs of this investigation.
Similarly, Heys et al. (2012), in a study of breast carcinoma
in women, described a higher density of TAM in tumors with
higher histological grades and tumors that responded poorly
to chemotherapy. However, differently than the findings of
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study with women, the dogs presenting higher density of TAM
also had the higher survival rates, even though they also had
higher histologic grades.

The expression of SOCS proteins, specifically SOCS1 and SOCS3,
has been used to determine TAM activation status in studies
involving women and rodents (Heys et al. 2012). However, it
has been suggested that M1 and M2 may present a combination
of multiple markers as SOCS, and other proteins may be
highly expressed in either form, with differing patterns of
expression seen in other species (Sica etal. 2008, Murray et al.
2014). In the present study, the expression of SOCS1 and
SOCS3 proteins in anti- (M2) and pro-inflammatory (M1)
macrophages, respectively, was found to be associated with
breast carcinoma, which is consistent with a previous study
involving women who had this same tumor type (Heys et al.
2012). Moreover, in humans, the predominance of SOCS-1
expression in the macrophage infiltrate was related to a higher
histologic gradation, and a poorer prognostic (Heys et al. 2012).
Differently, we found that the predominance of pro-inflammatory
macrophage infiltrates (SOCS3), even in the dogs with higher
density of TAM, suggested a better prognostic and therefore
could be indicative for chemotherapy treatment, since the
survival rates in this group was higher and the frequency of
metastases was lower.

Chemical short-range signaling by M2 macrophages has a
role in the development of metastasis, since it arises from the
release of epidermal growth factor (EGF) and in response to
colony stimulating factor-1 (CSF-1) (Qian etal. 2009, Rohan et al.
2014). The resultant potential increase in the malignancy of
tumor cells occurs as a consequence of stromal remodeling
(Guietetal. 2011) following the release of metalloproteinases,
collagenase, elastase and lipases (Mantovani 2007), as well
as of production of cytokines and chemokines (CCL2, CCL3,
VEGF) (Krdl et al. 2012).

The results observed herein corroborate reports in the
literature indicating that M2 TAMs are associated with a poor
prognosis of cancer. Indeed, the literature attributes to M2
the promotion of tumor growth, progression and metastasis
by way of the production and release of growth factors
(NF-x ), immunomodulatory cytokines (IL-10, TGF-[3), the
stimulation of angiogenesis, remodeling of tumor stroma
(matrix metalloproteinases) and inhibition of the anti-tumoral
immune response (Mantovani et al. 2002, Mantovani 2007,
2014, Huetal. 2012).

Most tissue mature macrophages arise in the tissues
during embryonic development, i.e. the origin of these cells is
not from the pool of circulating monocytes, which are rather
directed to capture antigens circulating in the lymph nodes.
Thus, in the context of inflammatory or neoplastic processes,
tissue macrophages may maintain an undifferentiated state
or mature into activated macrophages (Epelman etal. 2014).
Neoplastic cells recruit TAMs by releasing chemoattractants
(CSF-1 or M-CSF) and chemokines (chemokine ligand-2
and MCP-1) (Pollard 2008, Krdl et al. 2012). In the present
study, the molecular expression of MHC-CII found in the
circulating monocytes followed the same patterns of density
distribution found in TAMs among the different study groups.
This finding may be attributed to the release of MCP-1 in the
tumor microenvironment by tumor cells recruiting monocytes
from peripheral blood in dogs with CMTs. However, complex
interactions between TAMs and other inflammatory cells in
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the microenvironment, particularly CD4* T lymphocytes, can
determine the state of macrophage activation thus the role
of TAMs as potent effectors against cancer, or as stimulators
of tumor growth (Qian et al. 2009). In fact, a previous report
indicated that the production and release of antibodies against
the tumor extracellular matrix components might somehow
orchestrate the recruitment of circulating monocytes and
influence the anti-inflammatory function of TAMs (Mantovani
2011).

The trend of increased survival in the group with a higher
TAM density found here stands in contrast to results presented
by Heys etal. (2012), which correlated alonger survival with
lower TAM density. However these authors’ study utilized
incisional biopsy of breast cancer in women that were
previously subjected to chemotherapy, and this represent the
routinely adopted procedures, considering human patients
and their natural characteristics. In veterinary medicine,
the current procedure for dogs diagnosed with mammary
tumor is the unilateral radical mastectomy, which allows the
collection of excisional biopsy samples. Additionally the dogs
of the present study were not treated with any drug before
the surgery. Therefore, the results we obtained in dogs can
be attributed to the natural development of the neoplasm,
were more comprehensible since we used histopathology in
excisional biopsy samples and were not influenced by any
pharmacological intervention.

CONCLUSION

The study demonstrated that TAM density and activation
status, as indicated by the predomination of SOCS1 or SOCS3
proteins (respectively M1 or M2) in dogs may suggest that
these cells can promote or inhibit neoplasm growth and
development of metastatic mammary carcinoma.
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