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ABSTRACT

The mammary tumor is one of the most common cancer in female dogs and, at the present days, there is a big
focus on the study of the relation between this kind of tumor in animals and the cells that stay around them,
like the inflammatory cells. The objective of this study was to evaluate and show where the inflammatory cells
stay in simple mammary carcinomas in female dogs by immunohistochemistry. Samples of simple mammary
carcinomas (tumor group; n=26) and mammary gland samples without tumor (control group; n=18) were
submitted to immunohistochemical analysis for the detection of T lymphocytes, macrophages, plasma cells and
the MHC-II molecule. The mast cells were evaluated by the histochemical technique (toluidine blue).
Lymphocytes, macrophages and mast cells were observed distributed in the tumor stroma. MHCII was
detected in tumor cells and in the inflammatory infiltrate. Plasma cells predominated in the peritumoral stroma.
Macrophages differed significantly between the two groups and predominated in the tumor group. In the
comparison between histological types of mammary carcinomas, mast cells differed significantly between solid
tumors of the tubular / papillary types. The cytoplasmic immunodetection of MHC-II was suggested an
inefficient antigen presentation. Some of the leukocytes present in the tumor infiltrate, appear to be exerting a
pro-tumor effect and allowing the progression of tubular and papillary carcinomas. But in solid carcinomas
(may be poorly immunogenic), as they had the lowest proportion of leukocytes present in the tumor site. More
studies are necessary to confirm these results, such as the determination of the cytokine profile and the
predominant leukocyte subpopulations in the tumor microenvironment.
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Introduction

The

idealized by the German immunologist Paul Ehrlich and

concept of immunological surveillance
later defined by Lewis Thomas and Macfarlane Burnet
was based on the protection of the organism against the
proliferation of mutated cells, with the objective of
destroying them before the tumor progression. The
this

can be

effectiveness  of individual  immunological

surveillance controversial, since
immunocompetent individuals are capable of developing
cancer (1,2). The immune system would have the ability
to react in different ways against different types of
neoplasms. So, some tumor antigens may be weakly
immunogenic, which attenuates the functions of the
immune system, which is eventually supplanted by the

tumor (3).

For their survival, tumors with rapid development
create means to escape of the immune system, and this
event is called escape or tumor evasion. Some of the
ways of evasion was already studied, include low
immunogenicity of tumor antigens, decrease or loss of
class I major histocompatibility complex (MHC-I) and co-
stimulatory molecule expression, reduction of tumor cell
apoptosis, sub-regulation of genes associated with
antigen presentation, production of immunosuppressive
cytokines, tolerance of T lymphocytes to tumor antigens.

All these events induce immunological tolerance (4,5).

In medicine, studies have shown that the
presence of inflammation in some types of cancer is
beneficial, as in melanomas (6). However, in mammary
carcinomas (7) and in oral squamous cell carcinomas
(8), the presence of chronic inflammation is considered
an adjuvant of tumor growth tolerance. Some patients
who keeps a chronic inflammatory state have at higher

risk of developing cancer (9).

Studies that evaluate the inflammatory infiltrate in

animal neoplasms are still scarce, in relation to the
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number of works performed with several human cancer.
In some studies with tumors in female dogs, have
already highlighted the relationship between the
immune system and the canine tumors, especially the
mammary gland tumors (10). Some researchers support
the

inflammatory infiltrate on breast tumors (11) and others

the hypothesis about pro-tumor action of
point out that the inflammation associated with the
tumor would be a real anti-tumor immune system
response (12). For that reason, the objective of this
study was to evaluate and show where and who are the
subpopulations of inflammatory cells present in simple
type of mammary gland carcinomas of female dogs, by
immunohistochemistry, and to verify if their presence is
relate to more aggressive aspects of the mammary

tumor in dogs.
Material and Methods

All procedures were approved by the ethics
committee on the use of animals of the same institution
(CEUA 014526/12). The samples of mammary neoplasia
used in this study were obtained during a period of two
years, by the Veterinary and Obstetrics and Animal
Reproduction Oncology Services of the Veterinary
Hospital of Sdo Paulo State University (Unesp) Faculty of
Agrarian and Veterinary Sciences (FCAV), Campus of

Jaboticabal, S3o Paulo State, Brazil.

The animals in the tumor group went through a
clinical triage and they were forwarded to the surgical
procedure (unilateral radical mastectomy), with
inhalation anesthesia. There was no predilection for
breed or age in the selection of samples from each
group.Just the mammary gland tumors that were
histologically classified as simple mammary carcinoma
The

mammary tissue samples were divided into two groups:

were submitted to immunohistochemistry.
control group (canine mammary without neoplasia, n =
18) and tumor group (canine mammary with simple

carcinoma, n = 26). The tumor group was subdivide into
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three subgroups, according to the histological type of

the simple carcinoma (tubular, papillary and solid).

All the samples collected were fixed in formol
solution (10%), buffer with phosphates (pH 7.4), for 24
hours. After, they were processed until the inclusion in
paraffin, cut in the thickness of 5um and stain with
Hematoxylin and Eosin (HE). All samples from the tumor
group were classified according to the Consensus for
diagnosis, prognosis and treatment of canine mammary
tumors (13).

The location of the inflammatory infiltrate was
determined as intratumoral or peritumoral. The presence
of tumor-associated mast cells was assessed by the

histochemical technique of toluidine blue (AT).

Immunohistochemical Analysis

For the immunohistochemical analysis, antibodies
were used for the detection of T lymphocytes (CD3,
clone F7.2.38, Dako, ref.M7254, dilution 1: 150), MHC-II
(HLA-DR, clone TAL.1B5, Dako, Ref. M0746, 1: 500
dilution), plasma cells (CD138, clone N / A, Spring,
ref.E4564,
MAC387, Abcam, ref. Ab22506, 1: 4000 dilution).

1:25 dilution) and macrophages (clone

The immunohistochemistry protocol was used
after consisted of desparaffinization of the histological
sections in the drying oven (60°C / 60 minutes). The
antigenic recovery done by heat (Pascal steam cooker,
DakoCytomation) and endogenous peroxidase blockade
was used a solution with hydrogen peroxide solution (30
v / v, 8%) and methanol, for 30 minutes in a darkroom.
To blocking non-specific reactions, a commercial product

(Protein Block serum-free, Dako, ref. X0909) was used.

Primary antibody incubation was grown at 4°C for
18 hours (CD3, MAC387, HLA-DR) or and 24 hours at
room temperature (CD138) in a humid chamber.
Incubation with Peroxidase-bound Polymer Complex

(Advance Kit, DAKO, cod. K4067) was used for CD3 and
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HLA-DR antibodies. The Streptavidin Peroxidase complex
(Dako EnVision ™ kit, cod.K5355) was used for MAC387
and CD138. The DAB (3,3-

diaminobenzidine, Dako, cod. K3468-1, three minutes)

chromogen was

and in the counter-staining was used the Harris
Hematoxylin. Positive control of the reaction was the
recommended by the manufacturers of the antibodies.
The negative control was antibody diluent (Antibody
diluent with background reducing components, Dako,

cod. S3022) that replaced the primary antibody.

The count of immunolabellated cells and cells
stained with toluidine blue was performed by a light
microscope (Nikon E200) with digital photomicrograph
equipment (Motic Images Plus version 2.0). For this, five
fields with a 40x objective were randomly chosen, where
the total number of cells marked for each antibody was

considered, in an area measuring 0.19625 mm2.
Statistical Analysis

The

macrophages,

counts of T Ilymphocytes, MHC-II,
plasma cells and mast cells were
compared between the groups (control and tumor) by
the Mann-Whitney non-parametric test. At the same
way, the predominant profile of the inflammatory
group,

comparison the histological types (tubular, papillary and

infiltrate was compared within the tumor

solid), using Kruskall-Walis non-parametric tests and the
Dunn test. The correlations between inflammatory
infiltrate and histological type of tumor were determined
using Spearman's correlation coefficient. The GraphPad
Prism statistical software (version 5.00, 2007) was used
for all analyzes, and differences were taken to be

significant when p<0.05.

Results

The tumor group showed inflammatory infiltrate

foci  consisting predominantly of lymphocytes,

macrophages, plasma cells, and mast cells.
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The T lymphocyte (CD3) immunostaining was
observed in the intratumoral (stroma) environment of
the tubular and papillary carcinomas, specifically around
the tubules (Figure 1A) and in the fibrovascular axis of
the papillae. In solid carcinomas the presence of
inflammation was rarely observed at the intratumoral

site, occasionally in the peritumoral space.

MHC-II (HLA-DR) showed cytoplasmic marking in
tumor cells and mononuclear inflammatory infiltrate
(Figure 1C) and showed no significant difference
(p<0.05) between the tumor and control groups (Figure
1D). In the comparison between histological types, MHC
-IT (HLA-DR) immunostaining in tubular carcinomas was
visualized in both tumor cells and leukocytes of the
inflammatory infiltrate. In papillary carcinomas, marking
predominated in myoepithelial cells and was scarce in
inflammatory cells. Solid carcinomas showed poor
marking in the tumor stroma and inflammatory cells

distributed in the peritumoral space.

The macrophages (MAC387) had cytoplasmic
labeling. In tubular carcinomas, macrophages were
observed in small groups around the neoplastic tubules
or were associated with intratumoral
(Figure 1E). In papillary
macrophages were scarce and observed

inflammatory
infiltrate carcinomas,
in the
interstitial of tumor papillae. In solid carcinomas,
macrophages were located in the peritumoral region and
rarely in the intratumoral environment. Significant
differences (p<0.05) were observed between the tumor
and  control with

groups, predominance  of

immunolabellated cells in the tumor group (Figure 1F).

The immunostaining of the plasma cells (CD138)
occurred in the cytoplasmic membrane (Figure 2A). In
tubular carcinomas, these cells were detected around
the neoplastic tubules and the mammary myoepithelium.
Papillary carcinomas were found near the periphery of
the tumor and were absent between the tumor papillae.

In the solids, scarcity of this cell type was detected,
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even in the peritumoral region. There was no significant
difference (p<0.05) between the control and tumor

groups (Figure 2B).

The presence of mast cells in tubular carcinomas
was evident around the tubules and in the intratumoral
stroma. Into the papillary carcinomas they were

observed in the papillae (Figure 2C). In solid
carcinomas, the density of this cell type was low within
the tumor site. No significant difference (p<0.05) was
found between the control and tumor groups, but the
mast cells had higher density in the tumor group (Figure

2D).

In the comparison between the immunostaining
inside the tumor group, no significant difference was
observed for MHC-II, lymphocytes, macrophages and
plasma cells for the tubular carcinomas, papillary and
solid. However, and mast cells differed between the
tubular and papillary histological types in relation to the
solid (Figure 3).

In the correlation analysis performed inside the
tumor group (table 1), it was possible to compare the
leukocyte and MHC-II

immunostaining. Tubular tumors (n=17) showed a

histological types with the
moderate positive correlation between lymphocytes and
MHC-II expression. Correlations between the histological
types papillary (n=6) and solid (n= 3) were not

considered, due to the small number of samples per

group.
Discussion

In the comparison between the tumor and control
groups, only the macrophages had a statistically
the

Macrophages are cells that adapt to changes in

significant difference  between two groups.

microenvironments and perform diverse functions
(14,15). For this reason, in human literature, these

leukocytes are called tumor-associated macrophages
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Figure 1. Inflammatory infiltrate associated with the mammary tumor in female dogs. (A) Photomicrogra-
phy of intratumoral T lymphocytes in grade I tubular carcinoma. (B) T lymphocyte median in the control
and tumor groups (p = 0.221). (C) Intratumoral immunostaining of the major histocompatibility complex
class 2 (MHC-II) labeling in tubular carcinoma grade III, observe the immunomarked cells in detail. (D) No
significant difference was observed between the control and tumor groups (p = 0.0638). (E) Intratumoral
macrophages in grade II tubular carcinoma. (F) Median macrophage markers in the control and tumor
groups, with significant differences between groups (p = 0.0139). (A, C, E) Complex of peroxidase-bound
polymers (bar = 50 pm). (B, D, F) Non-parametric Mann-Whitney test.
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(C) Intratumoral mast cell infiltrate in grade I papillary carcinoma (detail). Toluidine blue staining (bar =
100 pm). (D) Mean of mast cells in the control and tumor groups (p = 0.3846, Mann-Whitney test).
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Figure 3. Median marking of the major histocompatibility complex class 2 (MHC-II) (p = 0.4174), (B) T
lymphocytes (p = 0.0504), (C) macrophages (p = 0.5297), (D) mast cells (P = 0.0286) and (E) plasma

cells into the tumor group, in the three different tumor types (p = 0.3355). Kruskall-Walis test and Dunn's
test.
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Table 1. Spearman correlation between the inflammatory tumor infil-

trate and the histological type of canine mammary carcinomas.

('

pen

Histological | Antibodies Mast | Plasm
Types Lymphocytes |Macrophages | cells cells
Papilar MHC-II -0.543 N 0.314 |-0.257

CD3 - 0.257 N -0.429
MAC - - 0.369 | 0.371
Tubular MHC-II 0.4737 N 0.243 N
CD3 - 0.349 0.171 N
MAC - - N -0.223
Sélido MHC-II 0.5 0.5 N N
CD3 - 1 N -0.866
MAC - - N -0.866

| +1.00: perfect positive correlation; +0,70 to 0,99: very strong positive |
' correlation; +0.50 to 0.69: substantial positive correlation; +0.30 to,
1 0.49: moderate positive correlation; +0.01 to 0.29: low positive correla- !

Ition; +0.00: no correlation; -0.01 to 0.29: low negative correlation; -,
1 0.30 to 0.49: moderate negative correlation; -0.50 to 0.69: substantial 1
1negative correlation; -0.70 to 0.99: very strong negative correlation; -|
, 1.00: perfect negative correlation). Anti-MHC-II (the major histocom-

1 patibility complex class 2 antibody); Anti-CD3 (anti-T-lymphocyte anti- |

| body); Anti-mac (anti-macrophage antibody).
i N = non-significant result. (-) = there was no correlation.

(TAMs) and exert essential functions for the tumor
progression (14,16,17). The number of macrophages did
not differ statistically between the histological types of
the

carcinoma had the highest median (6.6), followed by

canine mammary tumors, however tubular
papillary (2.0) and solid (0.4). In the routine analyzes,
histological sections stained with hematoxylin and eosin,
it was possible to verify that solid tumors were the
histological type that had absence or shortage of
intratumoral inflammation. These findings coincide with
the immunostaining of the present study. These tumors
are considered the most aggressive histological types,
perhaps the scarcity of leukocytes infiltrated into the
tumor may suggest less expression of MHC-II or other
molecules that attract inflammatory cells to the tumor

site.

In the present study, macrophages were detected
by the antibody MAC387, which binds to the protein

calprotectin, that is expressed on neutrophils,

monocytes and actives young macrophages. Future

www.openaccesspub.org | JVHC  CC-license
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studies are needed to assess whether these
macrophages detected in the tumor group would have a
higher proportion of the M2 phenotype, depending on
the histological type of mammary carcinoma; methods
that specifically identify macrophage are necessary to
clarify and support, because just the presence of cells
positive for the MAC387 antibody cant sustain that

young macrophages are attracted to the tumor site.

In the comparison between tumor histological
types (tubular, papillary and solid tumors), there was a
statistically significant difference only for mast cell,
which were observed in a greater proportion in the
papillary carcinoma group. Tubular and solid histological
types are carcinomas more aggressive than papillary
carcinomas (13). Perhaps the expression of MHC-II or
the release of activating factors of the immune system is
reduced in these aggressive histological types, favoring
an inefficient response of leukocytes associated with the

tumor.
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Mast cells are considered possible coadjuvants of
tumor development, as they are attracted to the
to various
The

sensitized mast cells by the tumor release mediators that

neoplastic growth site in response

chemoattractants derived from tumors (21).

can change in the maturation of dendritic cells, keeping
them immature and leading to immune tolerance of T
lymphocytes (22, 23). It is believed that this T
lymphocyte results in  uncontrolled
lymphocytes help in the

regulation of this mast cell activity (24, 25). Thus, the

depletion
degranulation, since T
increased amount of histamine released at the tumor
site may benefit the development of neoplasia (26). In
the present study, mast cells differed statistically
between histological types of mammary carcinoma,
which were more numerous in the papillary type.
Although mast cells have been significantly observed in
invasive mammary carcinomas of women (27), and their
true role in tumor growth has not been elucidated.
There is controversy about its presence and good
prognosis in breast tumors in women (28) and in gastric
carcinomas in humans (28, 29). In the veterinary, the
presence of mast cells has been related to poor

prognosis, since they stimulate tumor angiogenesis (30).

MHC-II expression was observed in the cytoplasm
of inflammatory and neoplastic cells. The cytoplasmic
immunodetectionof MHC-II was suggested an inefficient
antigen presentation to the naive T lymphocytes. MHC
class I is expressed in all cell types, whereas MHC class
II is limited to specific cell types such as macrophages, B
lymphocytes and DCs, which may present tumor
antigens to T lymphocytes (20). The detection of MHC-II
in the neoplastic mammary epithelium suggests a
mechanism of immune evasion of the tumor, since in the
mammary gland without tumor this expression does not
occur. Some studies suggest that this aspect would be
related to the action of hormones or cytokines present in
the tumor (31). This may be the result of a delicate

balance between intrinsic factors of the tumor and
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factors of the host that tries to regulate the immune

response (32).

According to previous studies, a higher proportion
of immature dendritic cells was detected in the same
tumor types of the present study. The higher proportion
of immature dendritic cells confirmed the inefficient
antigenic presentation ability of these cells, since there
is no expression of MHC molecules in the cytoplasmic
membrane (19). The results of this study reinforce the
findings of the previous study, since the MHC-II marking
in the

was observed in the cytoplasm and not

inflammatory cell membrane.

MHC-II expression is thought to be a good
prognosis for breast tumors, as well as tumors of the
larynx (33) and colo-rectal tumors in humans (20). In
the is highlighted that the
expression of MHC-II can be influenced by the increase
of IL-10

contributes to the absence of stimulation of T

literature it reduced

(immunosuppressive  cytokine),  which
lymphocytes (2). In this study, the abnormal expression
of MHC-II molecules could be related to inefficient
DCs the

microenvironment (19). In the literature it is highlighted

maturation  of present in tumor
that the increase of IL-10 (TH2 response) may cause the
decrease of MHC II expression in the initial phases of
the immune response, contributing to the inhibition of T
high

immunostaining of IL-10 positive cells has been found in

cell activation (2). In previous studies

the tumor environment (18).

Plasma cells can be present into the inflammatory
response to mammary neoplasia (14); however, there is
little evidence in the literature of the true role of plasma
cells inside the tumor microenvironment. Some authors
note that B lymphocytes and plasma cells appear to be
unrelated to the prognosis in human’s lung carcinomas
and have been shown to exert a pro-tumor effect (34).
In undifferentiated canine mammary carcinomas, the

infiltration of plasma cells is described at the periphery
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of the cells, indicating a possible association of plasma
cells with tumor development (35). In women, the
presence of these cells infiltrating the ductal and lobular
carcinomas of the breast was associated with a worse
prognosis (36). In the present study, these cells were
not statistically relevant between groups and histological
types. In routine analyzes of breast tumors, this cell type
is always present in the inflammatory infiltrate
associated with the tumor. Other research groups
observed a higher proportion of B lymphocytes in canine
mammary tumors with regional lymph node metastasis

(12).

The true role of tumor-associated inflammatory
infiltrate is unclear. The response of the patient to any
type of cancer, whether human or animal, may be
variable and influenced by the tumor cells themselves,
since the behavior of the immune response is also
individual. However, understanding the behavior of the
tumor and its interaction with the stroma and immune
system is essential for determining the prognosis and for

more efficient antitumor therapies.

Conclusion

In conclusion, T lymphocytes, macrophages, and
mast cells were located into the tumor; the molecules of
MHC-II and the plasm cells were founded into
microenvironment. Under the conditions of this study, it
was possible to realize that types of more aggressive
tumor, like solid carcinomas, have a poor infiltrate
inflammatory. Some kind of inflammatory populations,
like mast cells and macrophages can be associated with
the tumor microenvironment, could possibly failed to
exert antitumor effector functions and thus favored
tumor growth. Future studies that evaluate the cytokine
profile and subpopulations of leukocytes predominant in
microenvironment confirm  this

the tumor may

hypothesis.
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