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Abstract

Background: The molecular-based classification of canine mammary carcinomas (CMCs) has been the focus of
much current research. Both in canines and humans, the triple-negative (TN) molecular subtype of mammary
cancer is defined by a lack of expression of progesterone receptor (PR), oestrogen receptor (ER) and HER2. It has a
poor prognosis; no effective targeted therapy is available. Vitamin D displays anticarcinogenic properties, and the
expression of its receptor (VDR) has been found in different molecular subtypes, being about 30-40 % of TN breast
cancer (TNBQ) positive to it. We assessed the VDR expression in the different molecular subtypes of 58 CMCs from
45 female dogs using an immunohistochemical panel for the molecular classification of included: PR, ER, HER2,
cytokeratin (CK) 5, CK14, and Ki67. In addition, we studied the relationship among the molecular subtypes of CMCs
and clinicopathologic parameters.

Results: Investigation showed VDR positivity in 45.0 % of the triple-negative CMCs (TNCMCs), 27.3 % of luminal B
and 19.0 % of luminal A. Luminal A was the most molecular subtype represented of the total tumours (36.2 %),
followed of TNCMCs (34.5 %), luminal B (20.7 %) and HER2-overexpression (10.3 %). Both HER2-overexpression and
TNCMC subtypes were positively related to lymphatic invasion (P = 0.028), simple histologic subtype (P=0.007), a
higher histological grade (P=0.045) and a trend to higher proliferation index (P = 0.09).

Conclusions: The highest VDR expression was observed in TNCMC, being almost half of them (45 %) positive to this
receptor. VDR expression was absent in HER2-overexpression tumours and low in luminal A and B molecular subtypes.
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Background

Historically, mammary gland tumours from both human
and canine species have been classified based on an
assessment of their histological type and grade. More
recently, alternative molecular classifications introducing
the gene expression profile have been proposed to
redefine classification in human breast cancer (HBC),
predict prognosis and guide therapy in routine clinical
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practice [1-3]. The gene expression profile is of limited
utility in clinical practice, so immunohistochemistry
(IHC) panels have been used widely as routine surro-
gates of the procedure in humans [4]. These IHC panels
have been based on the expression profile of hormone
receptors (oestrogen receptor, ER; progesterone recep-
tor, PR), human epidermal growth factor receptor 2
(HER2), Ki67 and several basal markers [1, 3].

Canine mammary carcinomas (CMCs) are the most
common neoplasm in female dogs and between 40 and
60 % of these tumours are malignant depending on the
study [5]. The molecular classification of CMCs using
IHC panels based on the human molecular classification
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has been a recent focus of research, but contradictory
results have been produced, which may be due to the
different methods of applying the criteria used in HBC
classification [6—9].

Triple-negative (TN) breast cancer (TNBC), character-
ized by the loss of ER, PR and HER2 expression, repre-
sents about 15-25% of breast cancer cases in women
[10]. In female dogs, the percentage of this type of TN
mammary cancer (triple-negative canine mammary
carcinoma, TNCMC) amongst all CMCs varies widely
between authors (18.7-76.3 %) [9, 11]. Both in humans
and canines, TN mammary tumours (TNBC and TNCM
C respectively) have a more aggressive phenotype, a
higher rate of relapse and poorer prognosis than other
mammary cancer types [9, 12—16]. Furthermore, TNBC
is not treated with specific target therapies [13]; as such,
it is important to explore novel therapeutic options for
patients with this disease.

Calcitriol (1a, 25-dihydroxyvitamin D3; 1a,25-dihy-
droxycholecalciferol) is the active product of vitamin D
synthesis and is regulated by a complex system of
feedback mechanism mediated by enzymes, hormones
and receptors [17]. The main function of calcitriol is to
regulate calcium homeostasis, but many other biological
effects are also exerted; most of them are mediated by
the vitamin D receptor (VDR) signalling via, and VDR
acts as a transcription factor of target genes [18].

Calcitriol/VDR influences many signalling pathways,
including those regulating bone and calcium homeostatis
and has also the capacity to regulate differentiation, pro-
liferation and apoptosis of many cell types, and numer-
ous cellular responses of the immune and cardiovascular
systems (i.e. angiogenesis) [18-21].

The non-skeletal roles of vitamin D have been inten-
sively investigated since the discovery that VDR was
expressed by a wide range of cell types from human and
canine tissues, including malignant cells [22-25]. It is
expressed in most cancerous tissues, and it has been
showed than calcitriol/ VDR in cancer cells activates
cyclin-dependent kinase inhibitors, inhibits mitogenic
growth factors (EGF, IGF-1) and promotes the TGF-p
activity, thus resulting in the inhibition of cell prolifera-
tion and cancer growth. Furhermore, calcitriol/VDR
signalling has the capacity to downregulate cyclooxygenase-
2, prostaglandin, and NF-kB pathways, thus inhibiting
tumour-associated infammation, to suppress antiapoptotic
proteins and to activate pro-apoptotic proteins. Thus, all
previous mechanisms synergistically suppress tumour
growth [16, 18, 21, 26].

VDR expression has been found in normal and neo-
plastic mammary glands from both humans [27-29] and
canines by IHC techniques [30]. Due to its anticarcino-
genic properties, vitamin D has emerged as a promising
targeted therapy in cancer management, namely in HBC.
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To our knowledge, only one study has assessed VDR ex-
pression in all the different molecular subtypes of HBC
[27]. However, in several studies, the expression of VDR
in TNBC has been reported, indicating that about 27—
40 % of TNBCs express VDR [27, 31, 32], and suggesting
the possibility of using the VDR as a therapeutic target
against TNBCs.

Some CMCs subtypes have been suggested as a valu-
able spontaneous cancer model to test new therapeutic
strategies due to their similarities with some HBC
subtypes in terms of epidemiology, pathology, genetic
profile, and biological behaviour [33—37]. In dogs, only
one study performed by our research group has been
published about VDR expression in canine mammary
glands [30], but it did not address the molecular
subtypes of CMCs.

The main purpose of this study was to analyze VDR
expression in all molecular subtypes of CMC. Further-
more, the second objective was to study the relationship
among the molecular subtypes of CMC and their clini-
copathologic characteristics.

Results

Characterisation of CMCs

The clinicopathological characteristics of the female
dogs and their tumours are summarised in Table 1.

According to the histologic subtype assessed by hist-
ology [haematoxylin and eosin (HE) stains], the complex
was the more frequent subtype (27/58 cases, 46.6 %),
followed by simple (21/58 cases, 36.2 %), and mixed (10/
58 cases, 17.2 %). Tubulopapillary was the most common
histotype of simple CMC (15/21 cases, 71.4 %), followed
by solid carcinomas (6/21 cases, 28.6 %).

HER?2, ER and PR expression was positive in luminal
epithelial (LE) cells exclusively. Regarding HER2 score,
3/58 cases (5.2%) were classified as 0, 14/58 cases
(24.1 %) as 1, 24/58 cases (41.4 %) as 2 and 17/58 cases
(29.3 %) were classified as 3. Taken into account that
cases classified as IHC 3 + were considered HER2 posi-
tive, 17/58 cases (29.3 %) were HER2 positive and 41/58
cases (70.7 %) were HER2 negative. Data regarding ER
and PR scores can be observed in Table 2.

Taken into account that a score of 3—8 was considered
positive, 27/58 (45.6 %) and 30/58 cases (52.6 %) were
ER and PR positive respectively.

A varied basal cytokeratins (CKs) expression pattern
among histologic subtype of CMCs was observed. Thus,
in most of complex CMCs (26/27 cases, 96.3 %) the neo-
plastic LE cells were positive to CK5, while in all cases
(27/27 cases, 100 %) the residual or pre-existing non-
proliferating ME cells observed at the periphery of the
LE aggregates were CK5-positive, and in 7/27 cases
(25.9 %) the proliferating neoplastic interstitial ME cells
organized in fascicles or nests were CK5-positive. The
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Table 1 Clinicopathologic parameters of the female dogs included in the study and their tumours

Variable Range No. of samples Percent (%)
Age at diagnosis <10 years 20 445
210 years 25 555
Breed Pure 22 489
Crossing 23 511
No. of tumours One 20 445
More than one 25 55.5
Tumour size <3 cm 43 74.1
23cm 15 259
Lymphatic invasion Yes 16 276
No 42 724
Histologic subtype Simple 21 36.2
Complex 27 46.6
Mixed 10 17.2
Histologic grade Grade 1 29 50.0
Grade 2 18 310
Grade 3 1 19.0
VDR expression Positive cases 16 276
Negative cases 42 724
Molecular subtype Luminal A 21 36.2
Luminal B 11 19.0
HER2-overexpression 6 10.3
Triple-negative 20 345
Basal-like 18 310

Non basal-like 2 34

CK14 expression in complex CMCs was observed in
lower percentage of cases than CK5. Thus, in 10/27
cases (37.0 %) was observed > 10 % of CKl4-positive LE
cells, while in all cases (27/27 cases, 100 %) the residual
ME cells were CK14-positive, and in only 2/27 cases
(7.4 %) were observed CK14-positive proliferating ME
cells. Regarding the CKs expression in simple CMCs, in
18/21 cases (85.7%) and in 11/21 cases (52.4%) the

Table 2 ER and PR scores

Score ER (%) PR (%)
0 8(13.8) 4(6.9)

1 0 0

2 23 (39.6) 24 (414)
3 1(1.7) 3(5.0)
4 5(8.6) 5 (8.6)

5 8 (13.8) 6(103)
6 6 (10.3) 10 (17.2)
7 5(8.6) 361

8 234 3.1

proliferating LE cells were positive to CK5 and CK14 re-
spectively. Furthermore, both CKs were observed in the
flattened pre-existing non-proliferating ME cells in all
cases (21/21 cases, 100 %) forming an irregular mono-
layer surrounding clusters of neoplastic LE cells. In
mixed CMCs, the CK5 was observed in the LE and pre-
existing ME cells of all cases (10/10 cases, 100 %), and in
proliferating ME cells from 1/10 cases (10 %). Regarding
the CK14 expression in mixed CMCs, it was observed in
the pre-existing ME cells from all cases (10/10 cases,
100 %), in LE cells from 5/10 cases (50 %), and in the
proliferating ME cells from 1/10 cases (10 %).

According to the criteria adopted for the molecular
classification of the CMCs, luminal A was the more
frequent subtype (21/58 cases, 36.2 %), followed by TN
(20/58 cases, 34.5%), luminal B (11/58 cases, 19.0 %)
(Figs. 1, 2, 3 and 4), and HER2-overexpression (6/58
cases, 10.3 %). TN subtype was divided in TN basal-like
(18/58 cases, 31 %) (Figs. 5, 6, 7 and 8) and TN non basal-
like (2/58 cases, 3.4 %) (Table 1). Moreover, an additional
table shows the IHC results of the 58 tumors included in
the study in more detail (see Additional file 1).
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Fig. 1 Immunohistochemistry for VDR of canine mammary carcinoma (Luminal B molecular subtype; complex histological subtype). The nuclei of

the about the 30 % of tumour cells was moderate or strongly positive for VDR, so this case was diagnosed as VDR-positive. 40X
. J

Fig. 2 Immunohistochemistry for ER of canine mammary carcinoma (Luminal B molecular subtype; complex histological subtype). Most of

tumour cells (about 30%) showed a strong immunostainingwith the anti-ER antibody in the nuclei, considering this case as ER-positive 40X
. J
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Fig. 3 Immunohistochemistry for HER-2 of canine mammary carcinoma (Luminal B molecular subtype; complex histological subtype). More than

10% of tumour cells were found as HER2-positive cells with strong, complete, homogeneous membrane staining, considering the case as
HER2-positive. 40X
A

Fig. 4 Immunohistochemistry for CK5 of canine mammary carcinoma (Luminal B molecular subtype; complex histological subtype). The image

shows about 40% of neoplastic cells being CK5-positives with strong cytoplasmic staining. 20X
- J
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Fig. 5 Immunohistochemistry for VDR of canine mammary carcinoma (TN basal-like molecular subtype; simple histological subtype). The image

shows VDR-positive oval to elongate cells morphologically indistinguishable from VDR-negative cells throughout the tumour. The staining

intensity of the VDR-positive cells ranges from weak to strong. 40X
- J

Fig. 6 Immunohistochemistry for CK14 of canine mammary carcinoma (TN basal-like molecular subtype; simple histological subtype). The image
shows CK14-positive cells representing about the 50% of the tumour cells. CK14-positive cells were morphologically indistinguishable from CK14-

negative cells throughout the tumour. 20X
- J
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Fig. 7 Immunohistochemistry for CK5 of canine mammary carcinoma (TN basal-like molecular subtype; simple histological subtype). The CK5
antigen was expressed in the most of tumour cells, although the intensity staining ranged from weak to strong. 20X
.

Fig. 8 Immunohistochemistry for Ki67 of canine mammary carcinoma (TN basal-like molecular subtype; simple histological subtype). The image

shows a high proliferation index, as determined for the high number of tumour cells (14.1%). 40X
. J
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Relationship between CMC immunophenotypes and
clinicopathological characteristics

The relationship between the CMC immunophenotypes
and clinicopathological characteristics was assessed
(Table 3).

Statistically significant differences were observed when
comparing the CMC immunophenotypes and the ER,
PR and HER2 expression, the lymphatic invasion, the
histological subtype and the histological grade (Table 3).

The majority of luminal tumours (A and B) expressed
both ER (18/21 cases, 85.7 %; and 9/11 cases, 81.8 % respect-
ively) and PR (20/21 cases, 95.2 %; and 10/11 cases, 90.9 %
respectively), while no HER2 + or TN tumours expressed
these hormonal markers (P<0.001, Chi-square test).
Regarding the HER2 expression, all HER2-overexpression
tumours were positive as expected, but less than half of
luminal B (4/11 cases, 36.4 %) and luminal A (7/21 cases,
33.3%) expressed HER2, and there was no HER2-positive
TNCMC (P < 0.001, Chi-square test) (Table 3).

Ten out of 16 cases of lymphatic invasion (10/16 cases,
62.5 %) occurred in TN tumours, whereas 19/42 cases of
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non-lymphatic invasion (45.2 %) occurred in luminal A
tumours (P =0.028, Chi-square test). The histological
subtype was associated with the molecular subtype (P =
0.007, Chi-square test). On the one hand, more than half
of complex (17/27 cases, 63.0 %) and mixed (7/10 cases,
70 %) tumours according their histologic subtype had lu-
minal immunophenotypes (A or B); on the other hand,
more than half of simple tumours (13/21 cases, 61.9 %)
were classified as HER2-overexpression or TN inmmu-
nophenotypes (Table 3).

The histological grade was significantly associated with
the molecular subtype (P =0.0045, Chi-square test). All
luminal B tumours (11/11 cases, 100 %) were classified
as grade 1, while one half of the HER2-overexpression
tumours (3/6 cases, 50.0 %) were classified as grade 1
and the other half as grade 3, and 10/21 luminal A cases
(47.6 %) were classified as grade 1 and 2 at the same per-
centage. To note, whitin the group of grade 3 CMCs, 7/
11 cases (63.6 %) were TN subtype (Table 3).

No statistically significant differences were found when
comparing the CMC immunophenotype and the age of

Table 3 Clinicopathologic characteristics in canine mammary carcinomas (CMCs) immunophenotypes

Variable Range No. of Luminal No. of Luminal No. of HER2+ No. of triple-negative P value
A cases (%) B cases (%) cases (%) cases (%)

VDR expression Positive 4 (19) 3(27.3) 0 9 (45)

Negative 17 (81) 8 (72.7) 6 (100) 11 (55) ns
ER expression Positive 18 (85.7) 9 (81.8) 0 0

Negative 3(143) 2(182) 6 (100) 20 (100) P < 0.001
PR expression Positive 20 (95.2) 10 (90.9) 0 0

Negative 148 1(9.0) 6 (100) 20 (100) P < 0.001
HER2 expression Positive 7 (33.3) 4 (36.4) 6 (100) 0

Negative 14 (66.7) 7 (63.6) 0 20 (100) P =0.002
Age <10y 11 (524) 6 (54.5) 1(16.7) 9 (45)

210y 10 (47.6) 5(45.5) 5(833) 11 (55) ns
Breed Pure 13 (61.9) 7 (63.6) 3 (50) 8 (40)

Crossing 8 (38.1) 4 (36.4) 3 (50) 12 (60) ns
No. of Tumours One 5(23.8) 3(23.7) 3 (50) 10 (50)

More 16 (76.2) 8 (72.7) 3 (50) 10 (50) ns
Tumour size (cm) 21408 2.3+£09 3.1+£04 19403 ns
Lymphatic invasion Yes 2 (9.5) 2(182) 2 (33.3) 10 (50)

No 19 (90.5) 9 (81.8) 4 (66.7) 10 (50) P=0028
Histologic subtype Simple 7 (33.3) 19.1) 5(83.3) 8 (40)

Complex 13 (61.9) 4 (364) 1(16.7) 9 (45)

Mixed 1(4.8) 6(54.5) 0 3(15) P =0.007
Histological grade Grade 1 10 (47.6) 11 (100) 3 (50) 5 (25)

Grade 2 10 (47.6) 0 0 8 (40)

Grade 3 1(48) 0 3 (50) 7 (35) P =0.045
IP 6.1 +29 222 +£120 275+ 181 16.7 £ 182 ns

ns not significant
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the dogs (< 10 years old vs. 210 years old), breed (pure
vs. crossed), number of tumours (one vs. more than
one), tumour size and PI (Table 3). However, it is inter-
esting to indicate that although a statistically significant
difference was not observed, a trend was found between
the molecular subtype of CMC and IP (P=0.09,
Student’s t-test). HER2-overexpression subtype had the
highest PI (27.5+18.1 %), followed by the luminal B
(22.2 £ 12.0 %), TNMCs (16.7 + 18.2) (Fig. 8) and luminal
A (6.1 £2.9) (Table 3). To note, the median value and
range of all tumours was 15.0 + 14.9.

VDR expression in CMC immunophenotypes
VDR positivity was observed in 16/58 cases (27.6 %)
(Table 1), and its immunoreactivity was observed in the
nucleus of both LE and ME cells of the CMCs when the
differentiation of these two cell types by morphology
was possible. The distribution of the immunoreactivity
varied among different histologic subtypes. VDR-positive
cells in some CMCs were exclusively located around
neoplastic epithelial tubules or solid nests or as trapped
remnants and they appear to correspond to the pre-
existing ME cells. Furthermore, in the cases of simple
CMCs showing a solid pattern of growth (n=6), VDR-
positive cells were morphologically indistinguishable
from VDR-negative cells within neoplastic nodules
(Fig. 5). It is important to note that all 58 CMCs in-
cluded in our study had some VDR staining (Figs. 1 and
5). Of the VDR-positive CMCs, 2/16 cases (12.5 %) had
weak intensity, 6/16 cases (37.5 %) had moderate inten-
sity (Fig. 1), and 8/16 cases (50.0 %) had strong intensity
(Fig. 5). Regarding the percentage of VDR-positive cells
in VDR-positive CMCs, 2/16 cases (12.5%) were classi-
fied as 3 (21-30 % of positive cells), 2/16 cases (12.5 %)
as 4 (31-40 % of positive cells), 4/16 cases (25.0 %) as 6
(51-60 % of positive cells), 4/16 cases (25.0 %) as 7 (61—
70 % of positive cells), 2/16 (12.5%) as 8 (71-80 % of
positive cells), and 2/16 cases (12.5%) as 9 (81-90 % of
positive cells).

Although a statistically significant difference was not
observed, a trend was found between the molecular
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subtype of CMC and VDR expression (P=0.09, Chi-
square test). Higher VDR expression was observed in
TN tumours (9/20 cases, 45.0 %; Fig. 5), followed by lu-
minal B (3/11 cases, 27.3 %) and luminal A (4/21 cases,
19.0 %; Fig. 1) (Table 3). When the TN subtype was sub-
divided according to the basal CK expression, 9/18
basal-like TN tumours (50.0 %) expressed VDR protein,
whereas 2 non basal-like TN did not express it. All
HER2-overexpression ~CMCs were VDR-negative
(Table 3).

Taking into account the histological subtype of the
CMC immunophenotypes, the results showed that 5/21
simple (23.8 %), 8/27 complex (29.6 %) and 3/10 mixed
(30.0%) CMCs expressed VDR protein (Table 4). To
note, within the group of simple tumours that expressed
VDR protein, the majority (4/5 cases, 80 %) were of TN
molecular subtype.

Discussion
The present study shows, to the best of our knowledge,
the first investigation of VDR expression in the molecu-
lar subtypes of CMCs. Forty-five per cent of TNCMCs,
27.3% of luminal B and 19.0% of luminal A tumours
expressed the VDR protein. A positive correlation was
found between both the TN and HER2-overexpression
molecular subtypes, and the lymphatic invasion, the sim-
ple histologic subtype, a higher histological grade and a
trend to higher PL

In our CMC cohort, we identified the luminal A, lu-
minal B, HER2-overexpression and TN (subdivided into
basal-like and non basal-like) subtypes. Other authors
have also identified the molecular subtypes of CMCs,
but a distinct panel of molecular markers and terminolo-
gies was used in each study, and there is not yet a con-
sensus on this regard [6—9]. However, in the last work
on this sense, Abadie et al. [9] concluded that CMCs,
where all histological subtypes were included, are a
valuable spontaneous models to test new therapeutic
strategies for TNBC after used a panel of molecular
markers proposed by Nielsen et al. [1] for HBC, as well
as performed in our work.

Table 4 VDR expression in different immunophenotypes of canine mammary carcinomas (CMCs) according to their histological

subtypes

Histological subtype (No.) VDR expression (No.;%)

A cases (%)

No. of Luminal

No. of HER2 +
cases (%)

No. of Luminal P value

B cases (%)

No. of triple-negative
cases (%)

Simple Positive (5;23.8) 1 (14.3)
(n=21) Negative (16;76.2) 6 (854)
Complex Positive (8:29.6) 330
(n=27) Negative (19,70.4) 10 (76.9)
Mixed Positive (3;30) 0
(n=10) Negative (7;70) 1 (100)

0 0 4 (50.0)
1(100) 5(100) 4 (50.0) ns
1(25) 0 4 (444)
3 (75) 1(100) 5(556) ns
2(333) 0 1(333)
4 (66.7) 0 2 (66.7) ns

ns not significant
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Luminal A was the most represented subtype (36.2 %),
closely followed by TNCMC (34.5 %). The high percent-
age of luminal A was similar to previous studies in
canine species [6, 8], while the frequency of TNCMC
ranges widely from 18.7 % [11] and 76.3 % [1], and may
suggest that the protocols and the identification of the
TN subtype are not yet well established in the dog.
Moreover, this difference could be due to the inclusion
criteria, due to the invasive nature of the CMCs was not
consistently confirmed in some studies [6—8]. As such,
the inclusion of in situ carcinomas in these studies could
explain the relatively high frequency of the luminal A
subtype. Furthermore, only in the study by Adabie et al.
[9] and in the present report, was Ki67 used as a marker
to differentiate luminal A from luminal B CMC subtypes.

In our study, when TNCMCs were subdivided accord-
ing to their expression of basal CKs, most of them (18/
20, 90.0%) were basal-like TN (CK5 and/or CK14-
positive expression), while the remaining few (2/20,
10.0 %) were non basal-like TN (CK-negative expres-
sion). Our results are in agreement with previous studies
from both humans and canines, in which most TNBCs
(about 80-90 %) express basal/myoepithelial CKs (the
basal-like TN subtype) [9, 10, 16, 38].

Regarding the IHC expression of basal CKs, in our
study was observed higher percentage of CK5-positive
cases than CK14-positive cases (93.1 % versus 44.8 % re-
spectively) regardless of the histological subtype, and the
immunoreaction was observed mainly in neoplastic LE
cells. In HBC, the CK5 was also more expressed than
CK14, although the difference was lower than in CMCs
(24.6 % versus 23.3 % respectively) [39]. Focusing on the
proliferating ME cells, mean complex and mixed CMCs,
CK5-positive expression was higher (25.9 and 10 %) than
the CK14-positive expression (7.4 and 10 %), respect-
ively. Thus, our results could be suggesting that prolifer-
ating ME cells in complex and mixed tumours were not
terminally differentiated, according to previous studies
in dog [40-43].

The HER2-overexpression subtype was diagnosed in a
low percentage of the CMCs in our study (10.3 %), but it
was diagnosed at a lower frequency by other authors [6, 8],
and even not diagnosed by others [7, 9].This could be due
to the recent controversy with regards to the IHC evalu-
ation of the anti-HER2 antibody, since there are highly
different expression rates in CMCs [38, 44, 45], or may be
related to differences in antibodies, staining procedures and
the evaluation system, although the main difference may
have been the consideration of HER2-positive cells with
different staining intensities (strong / moderate / weak to
strong) [6, 9]. Furthermore, it is interesting to indicate that
HER2-overexpression tumours with score 2 should under-
went to in situ hybridization (FISH) for HER2 gene to con-
firm the expression or not of it.
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We recently reported VDR protein expression in ca-
nine mammary tissue, with lower VDR expression in
malignant tumours (26.5 %), followed by benign (40.0 %)
and normal glands (100.0 %) [30].The present study cor-
roborates our previous findings, since 27.6 % of CMCs
expressed the VDR protein. A trend was observed in the
relationship between higher VDR expression in the TN
subtype (45.0 %) compared to the luminal B (27.3 %) and
luminal A (19 %) subtypes.

This is the first study in which the expression of VDR
protein in different molecular subtypes of CMC was ana-
lyzed, and it was interesting to note that a high percent-
age of TNCMC expressed this protein. Furthermore,
focusing on the group of TNCMC of simple histological
subtype in order to compare with HBC (mainly of an
epithelial simple nature), half of them (50.0 %) expressed
VDR. Our results are similar to those obtained in other
studies in humans, in which about half of TNBCs ex-
press the VDR protein [26, 31].

In women, there is not an effective specific therapy
against TNBC, and the possibility of the treatment with
calcitriol or its analogues could be an alternative [31, 46].
However, only a few of the more than 1500 Vitamin D an-
alogues have been tested in vivo so far [47, 48], so studies
regarding VDR agonists with low calcemic effects are
needed. Some authors have previously proposed different
CMC:s subtypes as a cancer model for some HBC subtypes
[34-37, 40]. TNCMC of simple nature could be the best
option since complex and mixed CMCs include a ME
component that maybe could be conditioning the bio-
logical behaviour of tumours. Taken into account our re-
sults, TNCMC of simple histological seems to represent
the subtype in which cancer management using vitamin D
may have greater potential, since half of them express
VDR, while the vast majority (85.4—100%) of the other
immunophenotypes are VDR-negative.

Each molecular subtype of CMC displayed significant
distinctive pathological features. The HER2-overexpression
and TN molecular subtypes were associated with estab-
lished indicators of poor prognosis, such as lymphatic inva-
sion, simple histologic subtype and high histologic grade.
Furthermore, although not in a significant way (probably
due to high standard deviation found), it was observed a
trend to high PI. It could be indicative of intrinsic distinct
biological characteristics, as reported in both humans and
canines [6, 8, 9, 11, 28, 32, 38, 49].

The molecular subtype of CMC was related to the ER
and PR expression, thus the majority of luminal tumours
expressed both hormonal markers while HER2-
overexpression or TN were absent to them as expect by
their own definition. Furthermore, the molecular sub-
type was related to the histological subtype (simple vs.
complex vs. mixed) in our study, in agreement other au-
thors [6, 8]. In our series, more than half of complex



Sanchez-Céspedes et al. BMC Veterinary Research (2021) 17:197

and mixed CMCs were classified as luminal molecular
subtype (A or B), which is in accordance with previous
canine studies that reported that complex and mixed
carcinomas are more likely to be ER positive [9, 50, 51].
Moreover, the ER expression has been reported to con-
fer a positive influence on the prognosis in dogs [9, 50,
51] as well as in women [52, 53]. Eighty-three per cent
(83.3%) of the CMCs classified as HER2-overexpression
and 40 % of the TN subtype were of the simple histo-
logical subtype; this is in accordance with other studies
[6]. Simple CMCs have been shown to have a worse
prognosis than complex and mixed CMCs [54].

In conclusion, TN was the molecular subtype of CMC
most represented in our series (34.5 %), just behind lu-
minal A (36.2%), and the 45% of them (TNCMC)
expressed VDR protein according to IHC. In addition,
TN subtype was related to lymphatic invasion, simple
histologic subtype, a higher histological grade and it was
a trend with higher PI. Furthermore, half (50 %) of
TNCMC of simple nature expressed VDR protein, but
the number of cases was low (n = 8), so further investiga-
tion should be performed to assess the VDR expression
in CMC exclusively of simple histological type in order
to assess the possible value of this entity as spontaneous
animal model for TNBC expressing VDR protein.

Methods

Case selection

Forty-five bitches (45) were included in our study and a
total of 77 tumours were recollected from the archives
of the Department of Comparative Pathology of the
University of Cérdoba (Spain). Fifty-eight (58) mammary
carcinomas were eligible for inclusion in the study when
a histological diagnosis of invasive mammary carcinoma
was established and confirmed by an incomplete layer of
p-63 positive ME cells in order to differentiate in situ
from invasive carcinomas [34, 55-57]. For this purpose,
monoclonal mouse anti-p63 (clone 4A4), isotype 1gG2
(Santa Cruz Biotechnology, Heidelberd, Germany), di-
luted 1:100, nuclear staining was used; this antibody was
previously used in IHC studies in the dog [30, 58, 59].
Nineteen (19) tumours were excluded of our study
because they were diagnosed as benign tumours (15)
and as carcinoma in situ (4).

All samples were fixed in 10 % neutral buffered forma-
lin for 24-72 h. After dehydration and embedding in
paraffin wax, Sec. (3 um) were cut from each block and
stained with HE. All samples were classified in histo-
logical subtypes according to the presence of LE and/or
ME and/or mesenchymal cells [3, 50] and the histologic
grade of malignant tumours was also assessed by
histology [59]. The 58 malignant tumours comprised 21
simple, 27 complex and 10 mixed type carcinomas. The
simple CMCs were composed of a single population of
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columnar to cuboidal malignant LE cells disposed in a
tubular, tubulopapillary or solid growth pattern. In the
complex CMCs, the distinctive feature was the presence
of spindle to stellate benign ME cells organized in inter-
stitial bundles and/or whorls and admixed with the LE
cells, the latter organized in tubules, papillae and/or
nests. The mixed CMCs were diagnosed when benign
cartilage/bone cells were also observed.

CMCs had been classified into histologic grade 1 (n = 29),
grade 2 (n =18) and grade 3 (n = 11).

Immunohistochemistry

Seven different primary antibodies previously used in
IHC studies in the dog were applied: (1) monoclonal rat
anti-VDR [30]; (2) monoclonal mouse anti-human PR
antibody [30, 44]; (3) polyclonal rabbit anti-ER [30]; (4)
polyclonal rabbit anti-human c-erbB-2, [9, 34, 60, 61];
(5) monoclonal mouse anti-CK 5 [62]; (6) monoclonal
mouse anti-human [63, 64]; and (7) monoclonal mouse
anti-human Ki67 [9, 30, 42, 44, 64]. More detail about
the primary antibody in Additional file 2. A commercial
diluent (Dako, Burlingame, California) was used.

Tissue Sec. (4 pm thick) were placed on Vectabond-
coated slides (Sigma Diagnostics, St Louis, Missouri).
The slides were then deparaffined, rehydrated in a
graded series of alcohol and incubated with 3 % hydro-
gen peroxide in methanol for 30 min. Heat-induced anti-
gen retrieval was performed in a water bath at 96 °C
with 0.01 M citrate buffer (pH: 6.0) for 15 min for VDR,
25 min for PR, 40 min for ER, HER2 and Ki67, 10 min
for CK14 and 30 min for CK5. After cooling for about
30 min at room temperature, sections were covered with
10 % normal goat serum in phosphate buffered saline for
30 min before incubation with one of the primary
antibodies for 18 h at 4 °C. Afterwards, the avidin-
biotin-peroxidase complex method was applied, as
recommended by the manufacturer (Vector Laboratories,
Burlingame, California). Nova Red (Vector Laboratories,
Burlingame, California) for the VDR antibody and 3,3-di-
aminobenzidine tetrahydrochloride (Sigma Diagnostics, St
Louis, Missouri) for PR, ER, HER2, CK14, CK5 and Ki67
were used as chromogens. The slides were counterstained
with Harris haematoxylin. As positive control tissues, ca-
nine duodenum tissue was used for VDR and Ki67, canine
uterus tissue was used for PR and ER antibodies, human
breast carcinoma tissue and CMC (simple of grade 3) ex-
pressing HER2 a score 3 were used for HER2 (control of
technique and species control, respectively) and canine
epithelial mammary tissue was used for CK14 and CKS5.
The normal mammary gland found in the 41 tissue sec-
tions under study was used as an internal positive control
in every assay. As negative controls, the primary anti-
bodies were replaced by rat IgG2b (Dako, Burlingame,
CA, USA) for anti-VDR, mouse IgG2 (Dako, Burlingame,
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CA, USA) for anti-PR, immunoglobulin fraction of serum
from non-immunised rabbits (Dako, Burlingame, CA,
USA) for anti-ER and anti-HER2, and mouse IgG1 (Dako,
Burlingame, CA, USA) for anti-CK14, anti-CK5 and Ki67
antibodies.

Evaluation of IHC data

Each slide was evaluated independently by three veterin-
ary pathologists (R.S.C, M.D.E.M, Y.M). When there was
disagreement between evaluators (<5 % of slides), cases
were collectively reviewed using a multi-head micro-
scope in order to achieve a consensus between the three
observers.

VDR expression was evaluated in the same 10 random
fields by the three pathologists through random images
previously taken by one of them (RS.C.) A semi-
quantitative histological score based on the intensity and
percentage of positive cells was used, regardless of their
LE or ME nature [30]. Intensity was assessed as follows:
1 =weak, 2 =moderate and 3 =strong. The percentage
of positive cells was assessed as follows: 1=<10%, 2 =
11-20%, 3=21-30%, 4=31-40% and so on, to a
maximum score of 10. The scores for intensity and
percentage of positive cells were multiplied and the cases
ranking from 5 to 30 were considered to be positive
[30, 65]. To evaluate HER2 expression, we used the
revised 2018 recommendation of the ASCO/CAP
guidelines; 10 selected fields of the areas with the
strongest protein expression were evaluated, and cases
classified as IHC 3+ (complete membrane staining >
10% of positive LE tumour cells) were considered
HER?2 positive [66].

PR and ER labelling were assessed using the Allred
score [67], a semi-quantitative system that accounts for
the staining intensity (scored on a scale of 0—3: 0 = none;
1=weak; 2 =intermediate and 3=strong) and the
proportion of positive cells (scored on a scale of 0-5:
0=none; 1="1%; 2=1-10%; 3=10-33%; 4 =33-66%
and 5 =66-100 %), regardless of their ME or LE nature.
Ten random fields were evaluated. The proportion and
intensity were summed to produce total scores of 0 or 2
through 8. A score of 3 to 8 was considered positive.

For the ITHC evaluation of CK5 and CK14 expression,
both LE and ME (when presented, complex and mixed
tumours) cells, in 10 random fields were evaluated, and
cases with >10% of positive tumour cells (it was not
considered the residual/pre-existing ME cells) showing
strong cytoplasmic staining were considered to be posi-
tive [41]. Ki67 expression was used to determine the
proliferation index (PI). Images were captured (x40
microscope objective) from four fields with high number
of Ki67-positive cells. The number of Ki67-positive and
Ki67-negative LE cells was assessed by image analysis
using Image] freeware. The PI was expressed as the
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percentage of positively-labelled cells. A minimum of
1000 tumour cells were counted per case [34].

Grouping molecular subtypes

The 58 CMCs were grouped into molecular subtypes as
follows: luminal A (ER +and/or PR+, “low” Ki67, any
CK5 or CK14); luminal B (ER + and/or PR+, “high” Ki67,
any CK5 or CK14); HER2-overexpression (ER-, PR-,
HER2+, any CK5 or CK14); TN (ER- and PR-, HER2-).
Moreover, TNCMCs were subdivided into basal-like TN
(ER-, RP-, HER2-, CK5 and/or CK14+), and non basal-
like TN (ER-, RP-, HER2-, CK5 and CK14-). Difference
between luminal A and luminal B subtypes was the Ki67
expression (threshold at 14 %) [5].

Statistical analyses

The statistical analyses were performed using SPSS
software v.15.0. Kolmogorov-Smirnov test was used to
evaluate data distribution. IHC and clinicopathological
results were grouped into contingency tables and ana-
lyzed using a Fisher’s exact test. Relationships between
discrete variables were performed using a Chi-square
test. Student’s t-tests were employed to investigate
associations between continuous and discrete variables.
The correlation between continuous variables was
studied using Pearson correlation coefficients. P <0.05
was considered statistically significant.
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