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Dendritic cells have attracted great interest from researchers as they may be used as
targets of tumor immune evasion mechanisms. The main objective of this study was to
evaluate the relationship between the dendritic cells (DCs) subpopulation in simple type
mammary carcinomas in female dogs. Two groups of samples were used: the control group
consisted of 18 samples of mammary tissue without changes and the tumor group with 26
simple type mammary carcinomas. In these groups, we evaluated the immunodetection
of immature and mature myeloid DCs, plasmacytoid DCs and MHC-II. In mammary tumor,
mature myeloid DCs predominated in the peritumoral region, while immature myeloid DCs
and plasmacytoid DCs were evident in the intratumoral region. Immunostaining of MHC-II
was visualized in mammary acini (control group), in tumor cells and inflammatory infil-
tration associated with tumors. The comparison between the control and tumor groups
showed a statistically significant difference between immature myeloid DCs, mature mye-
loid DCs and plasmacytoid DCs. The immunodetection of MHC-II was not significant when
comparing the groups. The predominance of immature DCs in the tumor group is possibly
related to an inefficient immune response, promoting the development and survival of tu-
mor cells. The presence of plasmacytoid DCs in the same group suggests a worse prognosis
for female dogs with mammary tumors. Therefore, the ability of differentiation of canine
dendritic cells could be influenced by neoplastic cells and by the tumor microenvironment.

INDEX TERMS: Dogs, antigen presenting cells, immune evasion, immunohistochemistry,
mammary tumor.

RESUMO.- [Imunodeteccio de células dendriticas mie-
loides e plasmocitoides nos carcinomas mamarios em
cadelas.] As células dendriticas tém despertado grande
interesse dos pesquisadores, pois podem ser alvo dos me-
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canismos de evasdo imune do tumor. O objetivo principal
deste estudo foi avaliar a relacdo entre as subpopula¢des
de células dendriticas (DCs) nos carcinomas mamarios do
tipo simples em cadelas. Dois grupos de amostras foram
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utilizados, o grupo controle composto por 18 amostras de
tecido mamario sem alteracdes e o grupo tumor com 26
carcinomas mamarios do tipo simples. Nestes grupos fo-
ram avaliadas a imunodeteccdo de DCs mieloides imaturas
e maduras, DCs plasmocitoides e de MHC-II. Nas mamas
com tumor, as DCs mieloides maduras predominaram na
regido peritumoral, enquanto que as DCs mieloides ima-
turas e as DCs plasmocitoides foram evidentes na regido
intratumoral. A imunomarcacido do MHC-II foi visualizada
nos acinos mamarios (grupo controle), nas células tumo-
rais e no infiltrado inflamatério associado aos tumores.
Na comparagio entre os grupos controle e tumor houve
diferenca estatistica significativa entre as DCs mieloides
imaturas, DCs mieloides maduras e DCs plasmocitoides. A
imunodetec¢cdo de MHC-II nao foi significativa na compa-
racdo entre os grupos. A predominancia de DCs imaturas
no grupo tumor, possivelmente, esta relacionada com uma
resposta imune ineficiente, favorecendo o desenvolvimen-
to e a sobrevivéncia das células tumorais. A presenca das
DCs plasmocitoides no mesmo grupo sugere um prognosti-
co pior para cadelas com tumores de mama. Portanto, a ca-
pacidade de diferenciacdo das células dendriticas caninas
poderia ser influenciada pelas células neoplasicas e pelo
microambiente tumoral.

TERMOS DE INDEXACAO: Caes, células apresentadoras de antige-
no, evasao imune, imuno-histoquimica, neoplasia de mama.

INTRODUCTION

The interest in researching the relationship between tumor
antigens and the immune system is still the focus in resear-
ch aimed at elucidating pro- and anti-tumor mechanisms.
The understanding of cellular immunity arose in the mid-
-20th century (Maldonado-Lépez & Moser 2001). In the
60s and 70s, the researchers Steinman and Cohn (Steinman
2012) discovered a new population of cells, called dendri-
tic cells (DCs), which became important in understanding
the mechanisms of antigen presentation (Hart 1997).

DCs are a group of very heterogeneous leukocytes and
this diversity depends on precursor populations, the an-
atomical location, the function and of their stage of mat-
uration, which influence the immune response. In recent
years, many attempts have been carried out in order to sort
the subsets of DCs by phenotypic and functional analysis.
Until 2000 there was not yet a complete model established
for humans (Banchereau et al. 2000), currently some prog-
ress has been made both for human (Liu & Nussenzweig
2010) and for mice DCs (Ardavin et al. 2001).

There are different subpopulations of DCs with pheno-
typical and functional characteristics that vary according
to their location (Ardavin et al. 2001). In humans, they are
derived from CD34 + pluripotent stem cells in the bone
marrow. Its differentiation follows through myeloid and
lymphoid pathways. The latter appear to a lesser extent in
the organism (Banchereau & Steinman 1998, Gogolak et al.
2003, Cruvinel et al. 2010). These lineages are differentiat-
ed by the myeloid marker CD11c. Myeloid DCs have CD11c
+ / CD123- staining, while lymphoid are CD11c-/CD123+
(Pulendran et al. 1999).

DCs are specialized in processing and presenting anti-
gens and making the connection between the innate and
adaptive immune responses (Hart 1997, Banchereau &
Steinman 1998, Kah-Wali et al. 2006). However, when ex-
posed to a tumor environment, DCs can present function-
al failure, caused by the direct influence of the tumor. It is
believed that this failure is one of the main causes which
culminate in tumor escape (Kah-Wai et al. 2006).

Maturation of DC controls the initiation of the immune
response. However, the influence on the maturation of DC
can lead to immune tolerance by inducing Th2 response.
As a result there is a reduction of the phenotype of mature
and functionally competent DCs, resulting in an inability to
initiate a specific immune response against the tumor. In
contrast, a greater number of immature and functionally
incompetent DCs induce tolerance of T lymphocytes and
thus tumor escape of DCs surveillance (Gabrilovich 2004,
Kah-Wai et al. 2006).

Recent studies in humans with lung and breast cancer
showed a significant decrease in populations of mature
DCs. DCs from peripheral blood of these patients expressed
lower levels of MHC Il and co-stimulatory molecules, which
indicated a failure in the activation. The understanding of
the relationship between functional impairment of DCs and
tumor progression is clinically important, but its mech-
anisms are still unclear. The production of tumor derived
factors may induce failure in the differentiation and mat-
uration of DCs. Among these are cytokines and tumor-de-
rived growth factors that have pro-tumor activity, such as
VEGF M-CSF, IL-6, GM-CSF IL-10 and TGF-f (Kah-Wai et al.
2006).

In veterinary oncology literature few reports exist on
the role of DCs in tumors, particularly in mammary gland
tumors, one of the most frequently diagnosed in this spe-
cies. Understanding the involvement of these cells in canine
mammary carcinomas will contribute to comprehending
the mechanisms of tumor immune escape for future stud-
ies of antineoplastic therapy. The aim of this study was to
determine the density of immature and mature myeloid
DCs and plasmacytoid DCs, through immunohistochemis-
try, in canine mammary carcinomas.

MATERIALS AND METHODS

In this study 26 samples of mammary gland tumor were used
from 21 female dogs which were treated by the Veterinary On-
cology Services and Obstetrics and Animal Reproduction of the
“Governador Laudo Natel” Veterinary Hospital (FCAV-Unesp, SP,
Brazil). Only samples of simple type mammary carcinomas (tu-
mor group) were selected as described by Cassali et al. (2011)
and classified as tubular, papillary and solid carcinoma. The grade
of malignancy of the tumors was based on Elston and Ellis (1998).
For the control group, 18 samples of tumor-free mammary glan-
ds of dogs (control group) that were necropsied at the Veterina-
ry Pathology Department at the same institution were used. The
occurrence of regional lymph node metastasis was analyzed.
Fragments were collected for fixation in formaldehyde (10%) and
freezing (liquid nitrogen) for histopathological and immunohisto-
chemical analyses. The design for this study was approved by the
Ethics and Animal Welfare Committee (CEUA n® 014526/12), of
FCAV / UNESP, Jaboticabal, State of Sdo Paulo, Brazil.
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Immunohistochemical method

The antibodies, dilution and antigen retrieval used for the im-
munohistochemical analysis were described in Table 1. The immu-
nohistochemical protocol used for paraffin samples (CD83, CD123
and MHC-II) consisted of: to block the endogenous peroxidase (8%
solution of methanol and 30 volumes of hydrogen peroxide) and
the block non-specific reactions (serum-free Protein Block, code
X0909, DAKO Corp., Carpinteria, CA) incubation took place for 30
minutes in a humidity chamber at room temperature. The chromo-
gen was DAB (3,3-diaminobenzidine, code K3468-1, DAKO Corp.,
Carpinteria, CA) and counter-staining was Harris Hematoxylin.

Table 1. Antibodies used to dendritic cell and MHC-II
immunostaining in canine mammary glands with and
without neoplasia

Antibodies Brand Cell-type Antigen Dilution of Substrate
recovery primary
antibody**
CD11c* ABD Serotec Immature 1:900 Advance©
(mouse anti-dog,  (code  myeloid DCs (Dako)
monoclonal) MCA1778S)
Clone CA11.6A1
CD83 Abcam Mature ~ Waterbath 1:100  Advance©
(mouse anti- (code  myeloid DCs 97°C (Dako)
human ab49324)
monoclonal)
Clone 1H4b
CD123 Abcam  Plasmacytoid
(rabbit anti- (code DCs Steamer  1:400 Mach-4©
human, ab154402) (Pascal, (Biocare)
policlonal) DAKO)
Anti-HLA-DR Dako
(mouse anti- (code MHC-II  Waterbath 1:500 Advance©
human, MO0746) 97°C (Dako)
monoclonal)
Clone TAL.1B5

* Frozen section, ** Incubation time of the primary antibody = 18 horas.

The immunohistochemical protocol used for marking CD11c
(immature myeloid DCs) used 5um thick frozen sections obtained
with a cryostat (Minotome - Damon/IEC Division). The sections
were fixed in acetone (-20°C / 10 minutes) and following steps
identical to that of paraffin-embedded tissues.

The positive control tissues used for the antibodies CD123,
CD83, and HLA-DR (MHC-II) were as recommended by the man-
ufacturer. For CD11c antibody was used canine tonsil tissue as
the positive control. As the negative control antibody diluent
(Antibody diluent with background Reducing components, DAKO
Corp., Carpinteria, CA, cod. S3022) was used, replacing the prima-
ry antibody, for all assays.

Follow-up analysis

For the tumor group, female dogs that survived or died from
mammary gland tumor were evaluated. The follow-up was carried
out for an average period of one year and a half after the comple-
tion of mastectomy in order to evaluate recurrence or metastasis.
Of the 21 female dogs with mammary tumor in this study, it was
possible to obtain information from the owners of only 17 studied
dogs. Overall survival was evaluated by Kaplan-Meier estimated
survival curves.

Statistical analysis

The counting of immunostained cells with CD11c, CD83,
CD123 and MHC-II was carried out using a light microscope (Ni-
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kon Eclipse E200) for both the control group and tumor group.
For quantification five fields were chosen at random (40x ob-
jective lens), where the marked cells were counted in an area of
0.19625mm?.

The counting of immunomarked subpopulations of DCs
(CD11c, CD83, CD123) and MHC-II were subject to analysis of
variance (ANOVA) and the comparison between means was per-
formed by parametric test Student Newman Keuls (SNK). The
frequency of plasmacytoid DCs immunostaining (CD123) in ani-
mals with mammary tumors and animals without mammary tu-
mors were analyzed. The relationship between plasmacytoid DCs
with the histological type of the tumor was always analyzed in
both groups by means of the Fisher exact test. The independen-
ce between variables was determined by the same test. Statistical
analyses were conducted using the SAS software (SAS 9.1, SAS
Institute, Cary, NC, USA), considering P <0.05. The grade of ma-
lignancy of tumors was not considered in the analysis of variance,
since there were no representative figures of all the grades when
separated into groups.

RESULTS
Regarding the macroscopic examination of the tumors, the
average size of the nodules was three centimeters, none of
these cases had regional lymph node metastasis at the time
of tumor diagnosis. Tumors were classified histologically in
carcinomas type tubular, papillary and solid (Table 2).

Table 2. Canine mammary tumors classified by their histological

type and grade of malignancy
Histological type Grade Number of cases
Tubular carcinoma 1 11
2 3
3 3
Papillary carcinoma 1 4
2 2
Solid carcinoma 2 1
3 2

Total 26

From the 17 female dogs subject to follow-up, nine are
alive (53%) and eight of them died (47%), until 18 months
after tumor diagnosis. Metastasis represented 67% of the
causes of death in dogs and it was found in the oral cavity,
lung and urinary bladder. The other causes of death were
related to trampling (n=2) and cardiac arrest (n=1), tota-
ling 33%.

The immunostaining of immature myeloid DCs (CD11c
antibody) was cytoplasmic and these cells showed mode-
rate cytoplasmic size with few cytoplasmic projections si-
milar to dendrites and rounded nuclei. Inmature DCs were
found, mostly between tumor cells (intratumoral / Fig.1A)
and rarely associated with tumor stroma. There was a sig-
nificant difference (p <0.0001, SNK test) for CD11c ma-
rking between control and tumor groups, with the highest
average in the tumor group (Fig.1B).

The detection of mature myeloid DCs (CD83) was cyto-
plasmic and they appeared in greater proportion, in the tu-
mor stroma (Fig.1C). The comparison between control and
tumor groups showed significant difference (p<0.00198,
SNK test), with the highest average in the tumor group
(Fig.1D).
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Fig.1. Immunohistochemistry of canine mammary carcinomas. (A) Marking of immature myeloid DCs (CD11c) in a grade I tubular car-
cinoma (bar = 50um/detail). (B) Note that the means of immature myeloid DCs differ among the studied groups (p<0.0001). (C)
Mature myeloid DCs (CD83) in the peritumoral region of a grade III tubular carcinoma (bar=100um). In detail, a mature DC. (D)
Verification of significant differences between the control and tumor groups for mature myeloid DCs (p<0.0198). (E) Marking of the
plasmacytoid DCs in a grade III tubular carcinoma (bar=50um). (F) Average of plasmacytoid DCs was significantly higher in the tu-
mor group (p<0,0214). (G) Immunomarking of the MHC-II in a grade III tubular carcinoma (bar=50pum/detail). (H) Immunomarking
of MHC-II did not differ significantly among the groups studied (p<0,0593). Means and standard errors of immunomarking (Fig.B, D,
F, H/Student Newman Keuls Test). Complex peroxidase-linked polymers (Fig.A, C, E, F, G).
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The marking of plasmacytoid DCs (CD123 antibody)
was cytoplasmic. They were located predominantly in the
intratumoral area (Fig.1E) and in a smaller proportion in
the mononuclear inflammatory infiltration. Significant di-
fference (p<0.0214, SNK test) was observed between the
control and tumor groups, with the highest average in the
tumor group (Fig.1F). When compared to the histological
types, the plasmacytoid DCs media was 20.6 (tubular), 18.4
(papillary) and 6.4 (solid). No significant difference was
observed between histologic types of tumor (p = 3679).

MHC-II (HLA-DR) immunodetection was predominan-
tly cytoplasmic and occurred in acini of mammary gland
cells, in tumor cells (Fig.1G) or in the adjacent inflamma-
tory infiltration to the tumor. There was no significant di-
fference (p<0.0593, SNK test) between the control and tu-
mor groups (Fig.1H).

The frequency of immunostaining for plasmacytoid DCs
(CD123) in animals affected or not by mammary gland tu-
mor was significant (Fisher’s exact test, p<0.0019) between
the groups. The tumor group showed higher frequency in
the immunodetection of this cell type (19/26), compared
with the control group (1/18). This result showed that the-
re is a significant relationship between the presence of plas-
macytoid DCs and mammary tumor. The frequency of plas-
macytoid DCs immunostaining was also significant (Fisher’s
exact test, p<0.0080) relative to histologic types tubular
(12/17), papillary (5/6) and solid (2/3), where compared
to the control group without tumor (1/18). These results
confirmed a relationship of dependency between the pre-
sence of plasmacytoid DCs and tumor histological type. The
overall survival analysis showed that the dogs with tubular
carcinoma had lowest survival time than solid and papillary
carcinoma after 15 months of the mastectomy (Fig.2).

DISCUSSION

The mean volume of mammary tumors was three centime-
ters, which is consistent with the findings of Queiroga &
Lopes (2002) who reported that the majority of malignant
tumors have an average size which ranges from three to
five centimeters. However, the size of the mammary lump
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Fig.2. Overall survival analysis of canine mammary carcinomas (3
solid carcinomas; 6 papillary carcinomas; 17 tubular carcino-
mas). Kaplan-Meier Estimate.
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can be influenced by the stage of the estrous cycle (Fonse-
ca & Daleck 2000). In relation to samples from the tumor
group, no lymph nodes examined in stage histological diag-
nosis of the tumors showed foci of micrometastases. Chang
et al. (2005) observed that dogs with lymph node metasta-
sis usually have tumors larger than five centimeters. This
point coincides with the observations of this study.

The histological types of mammary carcinomas had a
large variation in the number of samples for each group.
In plasmacytoid DCs count was found that the tubular car-
cinoma had the highest mean, but without significant di-
fferences between groups. The bitches with mammary tu-
mors had a higher density of plasmacytoid DCs compared
to the control group. The females with tubular carcinoma
had shorter survival time after tumor diagnosis. This su-
ggests that plasmacytoid DCs may be contributing to the
greater aggressiveness of these tumors resulting in death
associated with tumor progression. In other studies invol-
ving the survival time of cancer patients, the dogs with tu-
bular carcinoma grade III had lower survival time (Frehse
et al, 2014), results similar to those obtained in our stu-
dy. Nunes et al. (2014) and Estrela-Lima et al. (2014) also
observed decreased survival time for the same histological
type, together with other most aggressive types such as
carcinosarcoma.

The immunostaining of immature and mature myeloid
DCs were significantly higher in the tumor group compared
to the control group. This difference suggests possible tu-
mor activity on the maturation of DCs. Previous studies sug-
gest that when exposed to a tumor microenvironment, DCs
can present functional failure, such as low T lymphocytes
stimulation capacity due to poor expression of costimula-
tory molecules (Bell et al. 1999). The maturation of DCs is
critical for triggering the immune response. Defects in this
process can lead to reduction of mature, functionally com-
petent DCs and an increase in the immature DCs associated
with the tumor microenvironment. The prevalence of the
latter may induce tolerance of T lymphocytes and tumor
escape from DCs surveillance (Gabrilovich 2004, Kah-Wai
etal. 2006).

The location of immature DCs predominated in the in-
tratumoral environment, coinciding with reports done by
Bell et al. (1999) who observed the compartmentalization
of this subpopulation of DCs among the cells of breast car-
cinoma in women. Mature DCs were confined to the peri-
tumoral region of canine carcinomas. These results differ
from reports by Sandel et al. (2005), who observed mature
DCs in the intratumoral region of human colorectal tumor.
According to Bell et al. (1999), this compartmentalization
of human myeloid DCs could indicate that stromal factors
may determine the adhesion of the DCs, since physiologi-
cally mature DCs are only observed in lymphoid organs,
where they interact intimately with T lymphocytes. This
author suggest that it is related to an immune response
which is specific to the tumor. In the case of canine carci-
nomas, this protective role of mature DCs seems not to take
place, since the number of immunostained cells for this
phenotype was very low when compared to immature DCs,
even within the tumor group.
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The anti-CD83 antibody was chosen for the marking
of mature DCs in this study because there are few reports
which show the application of this marker for mature DCs
in veterinary medicine (Qeska et al. 2013) different to
what happens with tumors in humans (Aerts-Toegaert et
al. 2007, Lechmann et al. 2008). Poindexter et al. (2004)
reported that CD83 is a marker that has been shown to be
effective in identifying mature DCs in human tumors. Ac-
cording to Cao et al. (2005) during the maturation of hu-
man DCs, the kinetics of induction of surface CD83 is faster
than that of CD40, CD80 and CD86 when exposed to LPS
(lipopolysaccharide), and thus being an efficient marker of
mature DCs. In the present study;, it is suggested that CD83
was a marker of mature DCs in canine tissues.

With regard to the MHC-II, no statistically significant
difference between the control group and the tumor in re-
lation to the expression of MHC-II molecule was observed.
The MHC plays an important role in several types of immu-
ne reactions due to their involvement in antigen presenta-
tion to T lymphocytes. MHC class I is expressed in all cell
types, whereas the MHC class II types is limited to speci-
fic cells such as macrophages, B lymphocytes and antigen
presenting DCs, among them tumor antigens (Warabi et al.
2000). In this study, inefficient expression of MHC-II was
characterized by its immunodetection in the cytoplasm of
inflammatory and neoplastic cells, which could explain the
inability of antigen presentation to T lymphocytes. Likewi-
se, the lower amount of mature DCs in comparison to im-
mature DCs may also be related, since only the mature DCs
can express MHC molecules on their cell membrane. In the
literature it is emphasized that the increase of IL-10 (Th2
response) can lead to the decreased expression of MHC 11
in the early stages of the immune response, contributing
to the inhibition of T cell activation (Abbas & Lichtman
2007).

Some authors claim that the intratumoral infiltration of
myeloid DCs may influence the prognosis of breast tumors
in women (Iwamoto et al. 2003). However, the infiltration
of myeloid DCs within breast carcinoma in women may
not be a prognostic factor, as according to Treilleux et al.
(2004), the infiltration of plasmacytoid DCs has to do with
a low survival rate. In the present study, a significant de-
pendency between the presence of plasmacytoid DCs and
mammary tumor in female dogs was confirmed, as well
as with the histological type of the tumor. This dependen-
ce suggests that plasmacytoid DCs were more frequent in
mammary gland with tumors and in the most aggressive
histological types of mammary carcinomas.

CONCLUSIONS

There is a relationship between the presence of imma-
ture myeloid DCs and malignant tumors in female dogs, su-
ggesting one of mechanisms of immune evasion by tumor
cells.

The intratumoral location of immature myeloids DCs
suggests a close relationship between this cell type and ne-
oplastic cells.

The plasmacytoid DCs in the tumor site are indicative of
poor prognosis in dogs with mammary tumor.
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