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Abstract
Background: Tumor-associated macrophages (TAMs) have been involved in growth and metastases of human and
canine mammary tumors. However, the prognostic importance of TAM speci�c location in canine mammary tumors
(CMT) was not evaluated. In this study we evaluated the potential role of TAMs in speci�c histologic locations –
intratumoral (iTAM) and stromal (sTAM), as well as total macrophage (tTAM) counts – as prognostic indicators in
CMT.

Results: Clinico-pathologic data from 66 animals with mammary carcinoma and their tumors were used in this study.
Samples were stained with anti-macrophage antibody for subsequent TAM count. High levels of iTAM, sTAM, and
tTAM were related with clinical stage and vascular invasion. Additionally, tTAM alone revealed a relation with tumor
size, while high levels of sTAM and tTAM also were correlated with node metastasis and a poor prognosis based on
survival analysis.

Conclusions: CMT with aggressive features can reveal higher TAM counts. TAMs are associated with vascular
invasion and nodal metastasis, and sTAM and tTAM counts are correlated with overall survival, consequently leading
to the conclusion that sTAM and/or tTAM counts could be used as prognostic indicators in canine mammary
invasive carcinomas.

Background
Mammary cancer is frequent in female dogs and represents a major issue in veterinary medicine since many animals
die due to tumor dissemination. Previous studies have addressed in�ltration by leukocytes in canine mammary
tumors’ microenvironment and evaluated mostly lymphocyte [1] and macrophage [2–4] populations and highly
in�ltrated tumors revealed a poor prognosis.

Macrophages represent a major component in the tumor microenvironment. They in�ltrate tumor tissues and are
thought to be related with tumor progression in human [5–10] and canine cancers [2–4]. Although the original
hypotheses proposed that macrophages were involved in antitumor immunity, there is substantial clinical and
experimental evidence that in most of cases these cells enhance tumor evolution to malignancy [11–13]. They are
called tumor-associated macrophages (TAMs) and have been associated with angiogenesis and tissue remodeling
whitin tumors, this helping in the metastatic process [6, 12–14]. High in�ltration of macrophages has been recently
correlated with poor prognosis in both human [7–8] and canine [2–4] patients with mammary tumors.

However, the prognostic importance of TAM speci�c location in such tumors was not evaluated to date. Accordingly,
the aim of this study was to evaluate the signi�cance of TAM in�ltration in different histologic compartiments
(intratumoral vs. stromal vs. total) in invasive canine mammary carcinomas and its relation with tumors’
clinicopathologic features.

Materials And Methods

Patients, samples, and follow-up
This study was approved by the Ethics Committee on Animal Use of the Federal University of Minas Gerais, Brazil
(protocol #81–2013). Sixty-six female dogs diagnosed with mammary carcinomas from 2011 to 2015 were used in
this study. All patients were submitted to surgical mastectomy as treatment option with subsequent microscopic
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evaluation of the removed mammary tumors. They were classi�ed according to the World Health Organization’s
histologic criteria for canine mammary tumors diagnosis [16] and to updated classi�cation propositions [17].
Subsequently, tumors were graded using the Nottingham grading system [18]. When dogs presented more than one
malignant neoplasm, the tumor with the more aggressive clinical and histopathologic features (e.g., larger size,
undifferentiated histology) was selected, as recommended by other authors [19]. The WHO’s staging system [20] was
used for determination of clinical stage based on animals’ clinical, radiographic, and sonographic �ndings.

Patients’ data were obtained by phone interviews with owners and by reviewing the clinical data available at the
Institution’s Veterinary Teaching Hospital regarding animals that died at the place. Overall survival (OS) was
calculated and characterized as the time from surgery/tumor removal to the date of animal death/euthanasia due to
tumor-related causes and/or end of the study. When the owners did not answer the or when animals died from other
causes data was censored.

Immunohistochemical staining
For immunohistochemistry, 3µm-thick sections were obtained from para�n blocks and mounted on poly-L-lysine-
coated slides. Sections were depara�nized and rehydrated and subsequently submitted to heat-induced
epitope/antigen retrieval for 30 seconds at 125oC using the Trilogy antigen retrieval buffer (Cell Marque Corporation,
Rocklin, CA) in a pressure chamber (Pascal Pressure Chamber, Dako, Carpinteria, CA). Proteinase K antigen retrieval
was used when suitable, with subsequent incubation of tissue sections with a mouse anti-macrophage antibody
(clone MAC387, 1:400, AbD Serotec, Oxford, UK). Canine lymph node tissue was used as positive control for reactions
while negative controls were obtained by using isotype-matched primary antibodies. For anti-macrophage
immunohistochemistry, the staining was revealed by using a polymer based detection system (Envision G2
System/AP, rabbit/mouse, Dako) with liquid permanent red as chromogen (Permanent red substrate-chromogen,
Dako) and visualized under light microscopy.

Immunolabelling and quanti�cation of tumor-associated
macrophages
Immunoreaction was considered as positive for anti-macrophage antibody when cytoplasmic diffuse or granular
staining (but no nuclear) was observed and simultaneously demonstrating macrophage morphology. Since the
antibody also stains granulocytic cells, macrophages were distinguished from other cells, such as neutrophils by
nuclear morphologic, a non-segmented nucleus. The number of stained TAMs were counted in each tumor in �ve hot
spot areas �rst detected at low magni�cation and then captured at x200 magni�cation (total area of 1 mm2) without
any previous knowledge of patients’ clinical data. TAM hot spots were chosen rather than random �elds, because
these areas are thought to be biologically the most important [21–22]. For cutoff point analysis, the medians were
used to categorize tumors into high and low TAM groups.

In order to distinguish intratumoral (i.e., intratumoral) and stromal TAM, criteria previously applied by other authors
[10] and based on differentiation of stromal from intratumoral lymphocytes [23–24] were used. Intratumoral TAM
was de�ned as macrophages within tumor cell nests an in direct contact with tumor cells, and stromal TAM were
characterized as macrophages in�ltrating tumor stroma (Figure 1). After counting, the number of intratumoral,
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stromal, and total TAM (sum of both types) was calculated. Median values were calculated for each histologic
location and used for categorization of tumors as with low or high TAM in�ltration.

Statistical analysis
TAM infiltration was compared using analysis of variance (ANOVA) with TAM value as a continuous variable.
Correlation between the number of macrophages and clinicopathologic features was assessed using Spearman rank
order correlation or the Mann-Whitney U test, which was used for comparison between different histologic locations.
Survival curves were produced using the Kaplan-Meier method and differences in survival time between patients were
evaluated using the log-rank test. Results were considered as statistically signi�cant when P ≤ 0.05.

Results
Clinical and histologic data

The mean age of the subjects was twelve years (range, four to twenty years). After histopathologic evaluation,
tumors were classi�ed as carcinomas in mixed tumors (26 cases/39.39%), papillary carcinomas (11 cases/16.66%),
solid carcinomas (10 cases/15.15%), micropapillary carcinomas (7 cases/10.60%), and tubular carcinomas and
carcinosarcomas (6 cases each/9.09% each). From all tumors, 13 cases (19.69%) were high grade (grade 3), whereas
20 (30.30%) and 33 cases (50%) were of grades 1 and 2, respectively. Twenty-two samples (33.33%) presented with
vascular invasion, 29 (43.93%) cases revealed evidence of nodal metastasis, and 2 cases presented with distant
metastasis (3.03%). Clinicopathologic data are summarized in Table 1.

Macrophage count and clinicopathologic features

Macrophages showed moderate to intense cytoplasmic staining and were observed as single or clustered cells
forming densely packed groups. The distribution of TAMs in CMT was rather heterogeneous and frequently observed
at the stroma of the tumor front (Figure 1), around necrotic areas of the tumor, associated with areas of cartilage and
bone production in mixed tumors (not shown), and within tumor nests (intratumoral) (Figure 1). All tumor histotypes
revealed macrophage positivity, and there were tumors which revealed no iTAM or sTAM in�ltration. The highest
tTAM count was of 1282/mm2 (1219 sTAM/mm2; 63 iTAM/mm2) in a papillary carcinoma counts. Median TAM
counts/mm2 were used as cuttof values for iTAM, sTAM, and tTAM in order to categorize them as of low or high TAM
in�ltration (iTAM: ≤ 61.5, > 61.5; sTAM: ≤ 57.5, > 57.5; tTAM: low ≤149, > 149, Figure 2A-B).

All TAM counts (iTAM, sTAM, and tTAM) revealed a correlation with clinical stage (P = 0.0380, 0.0162, and 0.0004,
respectively; Table 1) and vascular invasion (P = 0.0235, 0.0371, and 0.0371, respectively; Table 1). The tTAM count
also correlated with tumor size (P = 0.0017; Table 1), while sTAM and tTAM revealed a relation with lymph node
metastasis (P = 0.0256; Table 1). No signi�cantly statistical association was observed between TAM counts and
ulceration, necrosis, histologic grade, or distant metastasis.

Survival analysis and TAM counts

To assess the prognostic signi�cance of TAM in�ltration, patients were �rst classi�ed according to iTAM, sTAM, and
tTAM counts. Survival data were available for the 66 animals. A significant relationship between TAM infiltration and
overall survival was revealed for tTAM (P = 0.0282; Figure 3A) and sTAM (P = 0.0500; Figure 3B), but not for iTAM (P
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= 0.8439; Figure 3C). Median overall survival of dogs with mammary tumors with high TAM counts was of 950 days
(Table 2). The curve did reach the median survival time in cases with low sTAM and tTAM at 613 days.

Discussion
Mammary tumors are the most common neoplasms in non-spayed adult female dogs [16-17]. Since they can be
extremely aggressive and lead to death of animals and because of the large number of cellular events involved in cell
growth, differentiation, proliferation, invasion and metastasis, the investigation of TAMs may be a great relevance for
the understanding of CMT progression. Therefore, in this study we addressed the role of TAMs in CMT progression
and the importance of those cells in speci�c locations in such tumors. In humans, there is strong evidence of TAMs
association with neoplastic progression and metastasis in different tumor types [11], including breast cancer [7-10].
This feature was also recently described in dogs with mammary cancer [2, 3, 12].

TAMs have a diverse role according to their microenviroment and histologic location [5, 7-9], but still little information
is available for dogs, with lack of data regarding the speci�c location of such cells within tumors. In this study, high
levels of TAM in�ltration were associated with aggressive clinicopathologic features in canine mammary
carcinomas. Additionally, stromal and total TAM counts were related with lymph node metastasis and with a poor
prognosis given their in�uence on overall survival, in a similar way to what is observed in women [7-10]. Despite the
well known role of various leukocytes in tumor microenvironment functional state, this feature was not unexpected
because macrophages are highly motile and can cross between tissues microlocalizations freely.

In previous studies, necrosis and skin ulceration have also been suggested to be indicators of higher tumor
aggressiveness in dogs [25], but were not signi�cantly associated with TAM counts in this study. The absence of a
significant association between TAMs and necrotic tissue or ulceration could be explained by the method used to
count macrophages, in which counting was focused in hot spots whithin tumor stroma and tumor nests
(intratumoral area). However, a relation between a higher TAM counts (iTAM, sTAM, and tTAM) and clinical stage and
vascular invasion was found – while tTAM was also related with tumor size – similarly to what was observed by
other authors [3, 26]. Additionally, sTAM and tTAM were found to be associated with lymph node metastasis – an
expected feature given the hability of macrophages in remodeling tumor stroma and acting as a major player in the
enhancement of tumor cell migration and invasion [27]. These features are highly important for metastasis,
reinforcing the role of macrophages in canine mammary carcinoma progression. Despite this, we did not observe a
relation between TAM counts and histologic grade, in concordance with other authors’ reports [2, 3, 25]. This �nding
could indicate that macrophage in�ltration can be associated with another tumor features independent from its
histologic grade.

In this study, higher sTAM and tTAM counts were also correlated with survival and prognosis, in concordance with
other authors results [2]. The relation between the evaluated clinicopathologic data and higher TAM counts indicate a
relation with a worse prognosis and survival rate, similarly to what is observed in women with breast cancer [10, 21]
consequently highlighting the potential role of TAMs as prognostic indicators in canine invasive mammary
carcinomas.

Conclusions
In summary, it is possible to conclude that CMT with aggressive features can reveal higher TAM counts. TAMs are
associated with vascular invasion and nodal metastasis, and sTAM and tTAM counts are correlated with overall
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survival, consequently leading to the conclusion that sTAM and/or tTAM counts could be used as prognostic
indicators in canine mammary invasive carcinomas.

Abbreviations
CMT – Canine mammary tumors OS – Overall survival TAMs – Tumor-associated macrophages
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Clinicopathologic
characteristic

Intraepithelial TAM P 
value

Stromal TAM P 
value

Total TAM P value
Low N

(%)
High N

(%)
Low N

(%)
High N

(%)
Low N

(%)
High N

(%)
Size     0.0891     0.1761     0.0017*

T1 (<3cm) 15
(22.72)

9 (13.63) 15
(22.72)

9 (13.63) 17
(25.75)

7
(10.60)

T2 (3-5cm) 8
(12.12)

6 (9.09) 7
(10.60)

7
(10.60)

8
(12.12)

6 (9.09)

T3 (>5cm) 11
(16.66)

17
(25.75)

11
(16.66)

17
(25.75)

8
(12.12)

20
(30.30)

Node metastasis     0.1491     0.0256*     0.0256*
Yes 12

(18.18)
17

(25.75)
10

 (15.15)
19

(28.78)
10

(15.15)
19

(28.78)
No 22

(33.33)
15

(22.72)
23

(34.84)
14

(21.21)
23

(34.84)
14

(21.21)
Distant metastasis     0.1492     0.9827     0.1621

Yes 25
(37.87)

29
(43.93)

33
(50.0)

31
(46.96)

34
(51.51)

30
(45.45)

No 0
(0)

2 (3.03) 1 (1.51) 1 (1.51) 0 
(0)

2 (3.03)

Clinical stage     0.0380*     0.0162*     0.0004*
I 14

(21.21)
7 (10.60) 14

(21.21)
7 (10.60) 17

(25.75)
4 (6.06)

II 2 (3.03) 1 (1.51) 2 (3.03) 1 (1.51) 2 (3.03) 1 (1.51)
III 7

(10.61)
6 (9.1) 8

(12.12)
5 (7.57) 5 (7.57) 8

(12.12)
IV 10

(15.15)
17

(25.75)
7

(10.60)
20

(30.30)
8

(12.12)
19

(28.78)
IV 0 

(0)
2 (3.03) 1 (1.51) 1 (1.51) 0 

(0)
2 (3.03)

Ulceration     0.8367     0.0371     0.6883
Yes 28

(42.42)
28

(42.42)
27

(40.9)
29

(43.93)
27

(40.9)
30

(45.45)
No 6 

(9.1)
4 (6.06) 6 

(9.1)
4 (6.06) 4 (6.06) 5 (7.57)

Necrosis     0.5761     0.8034     0.2105
Yes 21

(31.81)
20

(30.30)
20

(30.30)
21

(31.81)
18

(27.27)
23

(34.84)
No 12

(18.18)
13

(19.69)
14

(21.21)
11

(16.66)
15

(22.72)
10

(15.15)
Histological grade     0.6677     0.1229     0.1229

I 11
(16.66)

9 (13.63) 12
(18.18)

8 (12.12) 12
(18.18)

8
(12.12)

II 19
(28.78)

14
(21.21)

16
(24.24)

17
(25.75)

17
(25.75)

16
(24.24)

III 5 (7.57) 8 (12.12) 4 (6.06) 9 (13.63) 4 (6.06) 9
(13.63)

Vascular invasion     0.0235*     0.0371*     0.0371*
Yes 7

(10.60)
15

(22.72)
7

(10.60)
15

(22.72)
7

(10.60)
15

(22.72)
No 27

(41.0)
17

(25.75)
26

(39.39)
18

(27.27)
26

(39.39)
18

(27.27)

* P value ≤ 0.05 was considered to be statistically significant.

 

Table 2: Survival rates according to TAM count and histologic location in canine mammary tumors
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TAM count N (%) Median Mean P value

Intratumoral&        

Low 30 (49.18) Undefined 451.56 0.8439
High 31 (50.82) 950 437.06

Stromal$        

Low 29 (47.54) 613 482.93 0.0500*
High 32 (52.46) 950 409.09

Total#        

Low 22 (36.07) 613 489.5 0.0282*
High 39 (63.93) 950 418.6

& Low: ≤ 61.5; High: > 61.5
$ Low: ≤ 57.5; High: > 57.5
# Low: ≤ 149; High: > 149.
* P value ≤ 0.05 was considered to be statistically significant.
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Figure 1

Microscopic view of a canine mammary carcinoma with tumor-associated macrophages can be observed as
intratumoral (arrow) and stromal TAM (arrowhead). Permanent red immunohistochemistry, Harris hematoxylin
counterstain (bar = 50 µm).
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Figure 2

Canine mammary carcinomas with low (A) and high (B) TAM in�ltration. Arrows indicate single macrophages
stained (red) at the stroma of the tumor front. Arrowheads indicate clustered macrophages forming densely packed
groups at the stroma of the tumor front. Permanent red immunohistochemistry. Harris hematoxylin counterstain (x20
objective).

Figure 3

Kaplan–Meier survival analysis for OS based on low and high TAM counts in dogs with mammary carcinomas. A)
Intratumoral TAM (log rank test, P = 0.8439); B) Stromal TAM (log rank test, P = 0.0500); C) Total TAM (log rank test,
P = 0.0282).


