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of estrogen and androgen receptors using immunohistochemistry. Proﬁles for the andro-
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gens dehydroepiandrosterone (DHEA), androstenedione (A4), and testosterone (T), and
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for the estrogens 17␤ estradiol (E2) and estrone-sulphate (SO4E1) were measured both
in tissue homogenates and in serum of MMT and IMC by EIA techniques in 42 non-
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inﬂammatory malignant mammary tumors (MMT) and in 14 inﬂammatory mammary car-
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cinomas (IMC), prospectively collected from 56 female dogs. Androgen receptor (AR) and
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estrogen receptor alpha (ER␣) and beta (ER␤) expression was studied using immunohisto-

Inﬂammatory mammary carcinoma

chemistry (strepavidin–biotin-peroxidase method) in samples of 32 MMT and 14 IMC, and

Malignant mammary tumors

counted by a computer image analyzer. IMC serum and tissue levels of androgens were sig-

Canine

niﬁcantly higher than MMT levels. Tissue content of estrogens was also signiﬁcantly higher
in IMC than in MMT. Serum values of SO4E1 were signiﬁcantly higher in IMC, but serum levels of E2 were signiﬁcantly lower in IMC compared to MMT cases. Medium-high androgen
receptor intensity was observed in 64.28% of IMC and 40.62% of MMT. No important differences were found between ER␣ expression in IMC (100% negative) and MMT (90% negative).
ER␤ and AR were intensely expressed in highly malignant inﬂammatory mammary carcinoma cells. To our knowledge, this is the ﬁrst report relative to AR immunohistochemistry
in canine mammary cancer and to estrogens or androgens in serum of dogs with benign or
malignant mammary tumors.
© 2006 Elsevier Inc. All rights reserved.

1.

Introduction

Inﬂammatory breast cancer (IBC) is a rare form of rapidly
advancing human mammary cancer, accounting for less than
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6% of all mammary cancer diagnoses. A distinct clinical subtype of locally advanced breast cancer, it occurs with or
without mammary nodules, and is characterized by a particularly aggressive behaviour and prognosis, with erythema,
warmth, and edema of the breast [1,2]. Its histological hallmark is the invasion of dermal lymphatic vessels by neoplastic
emboli, which block lymphatic drainage to cause the edema
[1,2].
Spontaneous inﬂammatory mammary cancer (IMC) has
also been described in the dog [3] and, recently, in the cat [4].
Both species have been proposed as natural models for human
IBC, with a focus towards new therapy approaches [5]. Several similarities have been found between human and canine
inﬂammatory mammary cancer with respect to histopathology, clinical characteristics, and prevalence [3–6]. One purpose
of the present study is to establish canine inﬂammatory mammary cancer as a model of the corresponding human breast
cancer.
Our preliminary results [7] described elevated levels of
some hormones in tumor homogenates of a small number of samples with IMC, indicating that IMC is an important source of steroids. The participation of hormones in
canine mammary tumors has not been extensively studied. One study referred the detection of estrogen alpha and
progesterone receptors (ER␣ and PR) by biochemical and
immunohistochemical methods [8,9]. Recently, the immunohistochemical expression of ER␤ has been demonstrated in
both normal and neoplastic mammary glands of the dog
[10]. There are no reports concerning the existence of androgen receptors in normal or neoplastic canine mammary
glands. The aim of this study was to compare the serum
and tissue content of androgens (DHEA, A4, and T) and
estrogens (E2 and SO4E1) in inﬂammatory mammary tumors
with levels in non-inﬂammatory malignant canine mammary tumors, in a large series of cases. The expression of
androgen receptors (AR), and estrogen receptors alpha (ER␣)
and beta (ER␤) in IMC cases versus other non-inﬂammatory
malignant mammary tumors was also investigated, using
immunohistochemistry.

2.

Materials and methods

2.1.

Animals

2.1.1.

Clinical procedures

Forty female dogs (aged 7–14 years) with non-inﬂammatory
malignant mammary tumors (MMT) and 14 female dogs
with inﬂammatory mammary carcinomas (IMC) (aged 7–14
years) were clinically examined following the protocols established by the Veterinary Teaching Hospital of Madrid. Some
of the dogs with IMC were referred cases from practitioners. Ten adult healthy female beagle dogs were used as
controls. All dogs with non-inﬂammatory malignant mammary tumors (MMT) were surgically excised. The diagnostic criteria for inﬂammatory mammary carcinoma (IMC)
were based on clinical features described in dogs [3] and
in women [2], and were conﬁrmed by histopathology (Trucut biopsy or necropsy). In IMC cases, surgery was not
the treatment of election; only palliative therapy with anti-

inﬂammatories and corticoids was applied. Cytology of vaginal smears was performed in each case to determine the
stage of the estrus cycle at sampling. This study was performed with the approval of the Veterinary School Ethics
Committee.

2.1.2.

Sampling procedure

Sixty-six mammary samples (42 malignant mammary tumors
and 14 inﬂammatory mammary carcinomas) and serum
samples, were prospectively collected. Normal mammary
gland tissues and serum were obtained from 10 dogs (aged
7–10 years) without a history of mammary or endocrine
disorder, by Tru-cut biopsies. Malignant mammary noninﬂammatory tumors (n = 42) were either surgical or necropsy
specimens submitted for diagnosis to the Pathology Service of the VTHM. Samples of IMC (n = 14) were obtained
from Tru-cut biopsies or necropsies. In each case, two adjacent fragments of tissue were separated and processed for
histopathology and immunohistochemistry, and for steroid
analyses.

2.2.

Histopathology

2.2.1. Immunohistochemistry of estrogen receptor
alpha (ER˛), estrogen receptor beta (ERˇ), and
androgen receptor (AR)
For histopathology and immunohistochemistry, tissue samples were ﬁxed in formalin, embedded in parafﬁn, and cut
into 4 m sections. Mammary tumors were diagnosed on
hematoxilin–eosin sections, following the WHO’s classiﬁcation system of canine mammary tumors [11].
Immunohistochemistry of ER␣, ER␤, and AR was performed on samples of 5 normal mammary glands, 32 selected
malignant non-inﬂammatory mammary tumors (MMT), and
on 14 IMC samples. Immunostaining was done on deparafﬁned sections, using the streptavidin–biotin-complex peroxidase method, after a high temperature antigen unmasking protocol (boiling slides in a pressure cooker for 2 min in
buffer citrate, pH 6). The slides were cooled down in distilled water and washed in Tris-buffered-saline (TBS) (0.1 M
Tris base, 0.9% NaCl, pH 7.4). Endogenous peroxidase activity was blocked in 1.5 ml H2 O2 /100 ml methanol for 15 min.
ER␣ immunostaining was performed by overnight incubation at 4 ◦ C with mouse monoclonal anti-human ER␣ (clone
CC4-5, Novocastra, dilution 1:40). ER␤ and AR sections were
incubated overnight at 4 ◦ C with rabbit polyclonal antibodies (anti-ER␤, Upstate Biotechnology, dilution 1:50; anti-AR
Neomarkers, dilution 1:15). After the incubation with the
mouse monoclonal primary antibodies (ER␣), the slides were
incubated with anti-mouse biotinylated secondary antibodies (Dako, dilution 1:200, 30 min at room temperature). ER␤
and AR slides were incubated with anti-rabbit biotinylated
secondary antibodies (Vector Laboratories, 1:400, 30 min at
room temperature). Afterwards, all the slides were incubated
with streptavidin conjugated with peroxidase (Zymed, 1:400,
30 min at room temperature). All washes and dilutions were
made in TBS. The slides were developed for 10 min with a
chromogen solution containing 3,3 -diaminobenzidine tetrachloride (Sigma Chemical Co.) and H2 O2 in TBS. After washing in distilled water for 10 min, slides were counterstained
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in hematoxylin (Sigma), washed in tap water, dehydrated,
cleared in xylene, and mounted. Negative control slides were
made by substituting the primary antibody with TBS. A normal canine uterus was used as a positive control for ER␣ and ␤.
Adjacent normal mammary glands or hyperplasias were used
as internal positive controls for ER␣ and ␤ in many slides. A
normal canine prostate was used as a positive control for AR.
Normal canine sebaceous glands in the dermis were internal positive controls for AR immunostaining. Tumors were
considered ER␣, ER␤, or AR positive when more than 10%
of positive cells were observed in 10 representative selected
ﬁelds. Counting was done with a computer-assisted image
analyzer (Olympus MicroimageTM image analysis, software
version 4.0 for Windows). Positive ER␣, ER␤, and AR immunostaining intensity was also evaluated simultaneously by two
observers, scored in each case as low (+), moderate (++), or
intense (+++), based on the most frequent intensity found in
the stained nuclei.

3.

Results

3.1.

Histopathology

Histopathology of the non-inﬂammatory malignant mammary tumors (n = 42) revealed several histologic subtypes:
anaplastic (n = 1), solid (n = 5), and tubulopapillary carcinomas
(n = 28); carcinomas in benign tumors (n = 5), carcinosarcomas
(n = 2); an osteosarcoma (n = 1). Inﬂammatory mammary carcinomas were diagnosed as either solid and tubulopapillary
carcinomas (n = 12) or as lipid rich carcinomas (n = 2). All cytologic vaginal smears revealed characteristics of anestrus.

3.2.

analysis were maintained frozen until use. 0.5 g of mammary
tissue were homogenized in 4 ml of PBS (pH 7.2) and centrifuged (3500 rpm, at 4 ◦ C for 20 min). The supernatants were
collected and aliquoted individually (−30 ◦ C), until hormone
assays.

2.2.3. Dehydroepiandrosterone, androstenedione,
testosterone, estrone sulphate and 17ˇ-estradiol
enzymeimmunoassay of serum and homogenate samples
DHEA, A4, T, SO4E1, and E2 levels of normal and neoplastic
mammary tissue homogenates were assayed by competitive
EIA previously validated in our laboratory. Homogenate samples were prepared by diluting 10 l of each homogenate in an
assay buffer (1:2500 for dehydroepiandrosterone, androstenedione, testosterone, and estrone sulphate or 1:500 for 17␤estradiol), and then extracted with 2 ml of diethyl ether (Sigma
Co., St. Louis, MO, USA). Hundred microlitres of the supernatant were evaporated under a nitrogen stream (Turbovap,
ZIMARK, Hopkinton, MA, USA).
Dehydroepiandrosterone, androstenedione, testosterone,
and estrone sulphate concentrations in serum were expressed
in ng/ml; tissue homogenate concentrations were expressed
in ng/g. 17␤-Estradiol concentrations in serum were expressed
in pg/ml, and tissue homogenate concentrations in pg/g.

2.3.

Statistical analysis

The BMDP (Biomedical Data Program, Statistical Software Inc.,
Los Angeles, CA, USA) was used for statistical analysis. Differences between individual means were analyzed by the Pairwise t-test and the Bonferroni post-test to determine whether
values were statistically different. All values were expressed
as mean ± S.E. Categorical variables were analyzed by Pearson and Yates 2 -tests. The grade of statistical concordance
between AR/ER␤ positive/negative immunostaining was analyzed by the -test. In all statistical comparisons, p < 0.05 was
accepted as denoting signiﬁcant differences.

ER˛, ERˇ, and AR and immunohistochemistry

Results of ER␣, ER␤, and AR immunoexpression are detailed in
Table 1.

3.3.
2.2.2. Assessment of steroid concentrations in serum and
tissue homogenate samples
2.2.2.1. Preparation of tissue homogenates. Samples for steroid
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Normal mammary glands

All samples of normal mammary glands were positive (++ to
+++) with respect to ER␣ and ER␤. ER␣ and ER␤ expression
was low to moderate in cytoplasm (+ to ++), and moderate
to intensely positive (++ to +++) in the nuclei of epithelial and
myoepithelial cells in ducts and acini. The immunostaining
was homogeneous in the samples, although the intensity of
immunolabelling among the nuclei was variable. Some scattered stromal cells were positive. In general, the normal mammary glands showed low to moderate (+, ++) AR immunoexpression. AR expression was detected in the cytoplasm and
nucleus of epithelial and myoepithelial cells, and in ducts and
acini, with uniform distribution among the different mammary lobules. Stromal cells were positive or negative.

3.4.

Non-IMC malignant tumors (MMT)

A marked heterogeneous distribution of ER␣ and AR
immunostaining was found in positive malignant tumors.
Most of the neoplasms were ER␣ negative (30/32, 93.70%),
while 26/32 (81.25%) of MMT expressed ER␤ with different
intensities (+ to +++). An increase in intensity was observed
in the AR immunostaining of this group of tumors compared
to that of normal mammary glands. In general, all cellular neoplastic and stromal cellular types could express ER␣, ER␤, and
AR. The positive/negative expression of AR/ER␤ was coincident in 68.75% of the cases (non-signiﬁcant p = 0.4).

3.5.

Inﬂammatory mammary carcinomas (IMC)

All IMC cases analyzed (n = 14) were negative with respect
to ER␣ expression. ER␤ was expressed in all but one (13/14)
of the cases analyzed. ER␤ was positive in all neoplastic cellular types as well as in inﬁltrating and metastatic
(emboli) cells. AR was heterogeneously expressed and considered positive in 13/14 (92.86%) of the cases. The intensity of AR immunostaining (intense +++) was higher (nonsigniﬁcant p = 0.1) than in non-inﬂammatory malignant mammary tumors (Figs. 1 and 2). Highly malignant independent
epithelial cells that invaded the dermis and neoplastic cells
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Table 1 – Estrogen receptor ␣, estrogen receptor ␤, and androgen receptor immunohistochemistry
Number of samples analyzed

Estrogen receptor ␣ immunohistochemistry
Normal mammary gland
Malignant non-IMC tumors
Inﬂammatory mammary carcinomas (IMC)
Total
Estrogen receptor ␤ immunohistochemistry
Normal mammary gland
Malignant non-IMC tumors
Inﬂammatory mammary carcinomas (IMC)
Total
Androgen receptor immunohistochemistry
Normal mammary gland
Malignant non-IMC tumors
Inﬂammatory mammary carcinomas (IMC)
Total
∗

5
32
14

Negative

Positive
Low (+)

Moderate (++)

Intense (+++)

0/5, 0.00%
30/32, 93.70%
14/14, 100.00%

0/5, 0.00%
2/32, 6.30%
0/14, 0.00%

2/5, 40.00%
0/32, 0.00%
0/14, 0.00%

3/5, 60.00%
0/32, 0.00%
0/14, 0.00%

0/5 0.00%
6/32 18.75%
1/14 7.14%

0/5 0.00%
14/32 43.70%
3/14 21.42%

1/5 20.0%
9/32 28.12%
6/14 42.85%

4/5 80.0%
3/32 9.37%
4/14 28.57%

0.00%
5/32 15.62%
1/14 7.14%

3/5 60.0%
14/32 43.75%
4/14 28.57%

2/5 40.0%
8/32 25.00%
4/14 28.57%

0.00%*
5/32 15.62%*
5/14 35.71%*

51

5
32
14
51

5
32
14
51

2 -test: p = 0.1.

in emboli showed an intense AR immunostaining. The positive/negative expression of AR/ER␤ was coincident in all 14
IMC cases studied (p = 0.000).

p = 0.001), T (r = 0.75, p = 0.001), and SO4E1 (r = 0.74, p = 0.001). E2
had a non-signiﬁcant negative correlation (r = −0.29, p = 0.87).

4.
3.6.
Steroid concentrations in serum and tissue
homogenate samples

Discussion

To our knowledge, this is the ﬁrst report relative to AR
immunohistochemistry in canine mammary cancer and to
estrogens or androgens in serum of dogs with benign or malignant mammary tumors, including inﬂammatory mammary
carcinoma.
Inﬂammatory mammary carcinoma (IMC) is a distinct
form of locally advanced mammary cancer in women [1,2,12]
and bitches [3,5]. It is highly angiogenic and angioinvasive,
with rapidly aggressive behaviour and metastatic potential
[1–3,5,12]. In both species, it is considered to be the most
malignant type of mammary cancer, with a fulminant clinical
course and extremely poor survival rate [1–3,5,12]. In human
IMC, the actual multimodality treatment, with or without
surgery, has improved the disease-free survival and overall
survival of patients [2,12]. Fortunately, it is a rare disease in
both species, although its prevalence seems to have increased

The steroid hormone concentrations in serum and tissue
homogenates are depicted in Tables 2 and 3. Hormone serum
levels of dehydroepiandrosterone (DHEA), androstenedione
(A4), testosterone (T), and estrone sulphate (SO4E1) were signiﬁcantly higher (p = 0.001, p = 0.02, p = 0.001, p = 0.001) in IMC
samples than in compared with malignant non-IMC tumor
samples.17␤-Estradiol concentrations were signiﬁcantly lower
in IMC samples (p = 0.01), and similar to those obtained in normal mammary glands. Levels of all the steroids analyzed in
tissue homogenates were two or three times higher in IMC
samples than in malignant non-IMC tumor samples. Concentrations of SO4E1 were especially elevated in the IMC samples. There were signiﬁcant positive correlations between tissue and serum values of DHEA (r = 0.76, p = 0.001), A4 (r = 0.74,

Table 2 – Steroid hormone concentrations in serum samples

DHEA (ng/ml)
Androstenedione (ng/ml)
Testosterone (ng/ml)
Estrone sulphate (ng/ml)
17␤-Estradiol (pg/ml)

Control dogs
(n = 10) (a)

a vs. b

±
±
±
±
±

p = 0.004
p = 0.03
p = 0.001
p = 0.001
p = 0.001

5.33
1.45
6.92
1.22
18.89

0.84 a
0.12 a
0.73 a
0.13 a
7.71 a

Dogs with malignant
tumor non-IMC
(n = 42) (b)
8.42
2.16
16.46
2.90
49.65

±
±
±
±
±

1.23 b
0.22 b
1.30 b
0.23 b
17.55 b

b vs. c

p = 0.001
p = 0.02
p = 0.001
p = 0.001
p = 0.01

Hormone values with different letters denoting statistical differences (a vs. b, a vs. c, and b vs. c).

Dogs with inﬂammatory
mammary carcinoma (IMC)
(n = 14) (c)
13.21
3.81
35.43
6.24
23.96

±
±
±
±
±

4.22 c
0.69 c
2.27 c
0.40 c
8.45 ac

a vs. c

p = 0.001
p = 0.01
p = 0.001
p = 0.001
p = 0.1
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Fig. 1 – Canine mammary tumor. Tubular carcinoma
(non-inﬂammatory mammary malignant tumor). Positive
and negative nuclei of tumor cells. Low intensity of
immunostaining in AR-positive nuclei.
Streptavidin–biotin-peroxidase; bar = 22 m.

in the recent decades in the dog (from 4.4% to 7.6% of all mammary tumors [3]), and in women [6]. Some speciﬁc genetic
alterations have been described that appear to cause the invasive “inﬂammatory” phenotype in human mammary epithelial cells [13]. Moreover, different endocrine mechanisms have
been proposed to participate in canine IMC [5,7].
Sex steroid formation in peripheral tissues is well documented in humans [14]. Normal and neoplastic mammary
glands are considered by some authors to be an endocrine
tissue, particularly by virtue of their estrogen and androgen synthesis [15–22]. The action of estrogens and androgens
(locally produced or not) is crucial in the neoplastic growth
and progression of breast cancer, because of their interaction
with speciﬁc receptors [23]. Interestingly, it has been demonstrated that estradiol increases vascular endothelial growth
factor (VEGF), a key factor for angiogenesis [24]. Nevertheless,
to our knowledge, there are no studies that refer to steroid

Fig. 2 – Canine mammary tumor. Inﬂammatory mammary
carcinoma. All tumor cells (metastatic cells inside a
lymphatic vessel) are intensely positive to AR.
Streptavidin–biotin-peroxidase; bar = 44 m.
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plasma levels in inﬂammatory breast cancer. There are several studies concerning serum concentrations of endogenous
or exogenous sex hormones and the risk of breast cancer in
general [25–28], and a few publications related to serum levels of steroids in women with benign or malignant mammary
tumors [16,22,29,30]. In our preliminary study, a possible local
synthesis of some steroid hormones in normal and neoplastic
canine mammary glands was indicated [7]. To be rigorous, we
should only compare our results here with serum hormonal
levels of premenopausal breast cancer human patients in the
luteal phase of their cycles, due to the anestrus situation of
our cases.
In our canine samples (Table 3), 17␤-estradiol concentration was signiﬁcantly higher in malignant mammary tumors
than in normal mammary glands. Concentrations of estradiol
in canine IMC were also signiﬁcantly higher than in other nonIMC malignant canine mammary tumors (MMT). Increased
levels of estradiol in malignant mammary tissues were found
in humans [19,31,32]. Similar increases of estrone sulphate
and 17␤-estradiol have been reported in the serum of premenopausal women with breast cancer (luteal phase) [29].
Estrone sulphate concentrations can represent an important reservoir for biologically active estrogens in mammary
tumors [29,33–36]. Our study reveals high concentrations of
estrone sulphate in canine mammary tissues and serum,
increasing signiﬁcantly in IMC cases (Tables 2 and 3). In human
breast cancer, some authors have detected large amounts of
estrone and estrone sulphate, although the results have been
contradictory [19,29,31,32,34].
Normal and neoplastic human breast tissues also contain
and produce several forms of androgens [21,22,31,37,38]. However, the information concerning intra-tissue and serum levels
of androgens in women with breast cancer is sparse. In one
study, no signiﬁcant increases were indicated in malignant
breast cancer cases versus cases of benign lesions, although a
highly signiﬁcant decrease of serum testosterone was found
[29]. In the present study, tissue levels of DHEA, A4, and T were
signiﬁcantly elevated in IMC compared to MMT and to normal
mammary glands (Table 3). A high proportion of the androgens
found in the canine mammary tissues could be attributed to
local synthesis.
The results of our study in dogs indicate higher concentrations of all the studied hormones in both non-inﬂammatory
malignant mammary tumors and (especially) in inﬂammatory mammary carcinomas. Indeed, DHEA and SO4E1 levels
in serum and in tissue homogenates were two or three times
higher in IMC cases than in the other groups (p < 0.001). Moreover, we found a signiﬁcant reduction of serum 17␤-estradiol
levels in dogs with MMT (p < 0.01), despite the high concentrations detected in corresponding tissue samples.
There are no direct studies about concentrations of steroid
hormones in cases of human IMC. Recent studies have
described a worse survival rate in post-menopausal obese IMC
human patients [39]; it is known that adipose tissue is an
important source of sex steroids in post-menopausal women
[40]. The direct endocrine responsiveness of human IMC cells
is only known by the presence of estrogen and progesterone
receptors (ER and PR), in some cases. The majority of human
IMC cases are ER and PR negative [12]. According to the literature, women with positive ER and PR IMC tumors have
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Table 3 – Steroid hormone concentrations in tissue homogenates
Normal mammary
tissue (n = 10) (a)
DHEA (ng/ml)
Androstenedione (ng/ml)
Testosterone (ng/ml)
Estrone Sulphate (ng/ml)
17␤-Estradiol (pg/ml)

69.72
32.62
40.28
398.74
133.29

±
±
±
±
±

5.28 a
5.65 a
0.97 a
9.64 a
14.71 a

a vs. b
p = 0.001
p = 0.001
p = 0.001
p = 0.001
p = 0.001

Malignant tumor
non-IMC (n = 42) (b)
252.67
64.73
13.09
534.98
224.32

±
±
±
±
±

10.86 b
9.49 b
4.45 b
41.23 b
18.43 b

b vs. c
p = 0.001
p = 0.001
p = 0.001
p = 0.001
p = 0.001

Inﬂammatory mammary
carcinoma (IMC) (n = 14) (c)

a vs. c

±
±
±
±
±

p = 0.001
p = 0.001
p = 0.001
p = 0.001
p = 0.001

715.25
698.54
287.43
3123.08
723.75

82.42 c
59.42 c
6.89 c
412.56 c
38.12 c

Hormone values with different letters denoting statistical differences (a vs. b, a vs. c, and b vs. c).

a better prognosis than women with negative IMC tumors
[6,41].
Steroid receptors in canine mammary tumors are still
under study. Most of the studies are focused on ER␣ [8] and
progesterone receptor immunohistochemical detection [9].
Contrary to normal human mammary gland, normal canine
epithelial mammary gland are positive to ER␣. ER␣ positive
canine mammary tumors and PR positive IMC tumors generally have better clinical outcomes [5,8]. Recently, the expression of ER␤ has been described [10] in canine malignant
mammary tumors. To our knowledge, there are no previous
studies of AR immunohistochemistry in canine mammary
tissues.
The expression and role of ER␤ in human breast cancer
is controversial, with either decreased or equal expression
reported in normal and benign mammary tissues according
to different studies [42]. In canine IMC cases, signiﬁcantly
reduced levels of serum E2 (p = 0.01), together with the high
amounts found in IMC homogenates, suggests a local utilization of this hormone, probably via ER␤, since all canine IMC
cases were ER␣ negative. This fact could explain the nonsigniﬁcant negative correlation found between serum and tissue levels of E2.
Literature regarding AR expression in human breast cancer
varies with the study and the method of detection employed.
Immunohistochemistry, RT-PCR, and Western blot studies of
AR in human breast cancer cases offer contradictory results on
its percentage of expression, relation with histological type,
malignancy, prognosis, and correlation with other steroid
receptors [19,21,42,43]. Lately, a consistent study using AR
immunohistochemistry demonstrates that androgen receptors are commonly expressed in non-invasive and invasive
human breast carcinomas, being the highly malignant carcinomas ER-negative and PR-negative, but AR-positive [44]. In
the canine IMC tumors studied here, we found strong immunoexpression of AR, even in highly malignant inﬁltrating or
metastatic cells (non-signiﬁcant, probably due to low number
of cases) (Figs. 1 and 2). In a previous study on canine IMC,
a high percentage of PR positive cases (71.4%) was also indicated [5]. A correlation between AR and PR, and the absence of
correlation with ER, has been reported in human breast mammary tumors [13,19]. Immunohistochemical examination of
AR in cases of human IMC would provide additional information about steroid receptors to potentially lead the way to
new therapeutic strategies. Future studies about the production and metabolism of steroid hormones in human inﬂammatory breast cancer would be desirable to know the role
of these hormones and to give expectations to the develop-

ment of new therapies directed to block determined steroid
pathways.

5.

Conclusions

Androgens and estrogens levels were signiﬁcantly increased
in canine IMC homogenates and serum (except estradiol
serum levels that were reduced). AR and ER␤ were intensely
expressed as shown by immunohistochemistry in IMC cases.
Future studies about the production and metabolism of steroid
hormones in human inﬂammatory breast cancer would be
desirable to know the precise role of these hormones and
to give expectations to the development of new therapies
directed to block determined steroid pathways.
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