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Abstract
Background: Invasive micropapillary carcinoma (IMPC) is a rare malignant breast tumor and a variant
form of invasive ductal carcinoma that is an aggressive neoplasm of the human breast and canine
mammary gland. The importance of the tumor microenvironment in cancer development has gradually
been recognized, but little is known about the cell types outlining the cystic space of canine IMPC. This
study aimed to characterize the neoplastic cells outlining the cystic space of IMPC.

Methods: Immunohistochemistry (IHC), immuno�uorescence (IF), superresolution and transmission
electron microscopy (TEM) were used to assess the cell types in the cystic areas of IMPCs.

Results: Cells expressing the mesenchymal markers alpha-smooth muscle actin (aSMA), Vimentin, and
S100A4 outlined the cystic space of IMPC. Furthermore, loss of epithelial cell polarity in IMPC was shown
by the localization of MUC1 at the stroma-facing surface. This protein modulates lumen formation and
inhibits the cell-stroma interaction. Immunohistochemical and IF staining for the myoepithelial cell
marker p63 were negative in IMPC samples, and TEM revealed morphological aspects of myoepithelial-
like cells with thin cytoplasmic extensions outlining the cystic space.

Conclusions: The cells outlining the cystic space of IMPC in the canine mammary gland were
characterized using IHC, IF and TEM. The presence of cells expressing aSMA, Vimentin, and S100A4 in
the IMPC stroma suggested a role for tumor-associated �broblasts in the IMPC microenvironment. The
reversal of cell polarity revealed by the limited basal localization of MUC1 may be an important factor
contributing to the invasiveness of IMPC. For the �rst time, the cystic space of canine mammary gland
IMPC was shown to be delimited by myoepithelial-like cells that had lost p63 expression. These �ndings
may enhance our understanding of the cellular microenvironment of invasive tumors to improve cancer
diagnosis and treatment.

Background
One of the most aggressive types of breast cancer is invasive micropapillary carcinoma (IMPC). This
morphologically distinct and rarely observed form of invasive ductal carcinoma comprises small and
moruliform-like clusters of cancer cells surrounded by clear stromal spaces (cystic areas), and it exhibits
lymphotropism and aggressive behavior [1, 2]. Histopathologically, IMPC is characterized by multiple
microcystic formations �lled with nests of epithelial cells lacking �brovascular cores [3, 4]. Previous
studies evaluating canine IMPC showed several similarities to the corresponding human disease. For
example, nests of epithelial cells with a moruliform pattern, a high histological grade, a high incidence of
lymph node metastasis and low overall survival rates were observed [5–8]. These and other observations
indicated that the canine mammary gland might be an adequate model for pathological comparison with
human breast cancer [9].

Emerging evidence shows differences in the IMPC tumor microenvironment that contribute to the
mechanisms generating suppressive or tolerant environments that allow tumor regression or
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progression [10, 11]. The tumor microenvironment comprises tumor cells and surrounding nontumor cells,
blood vessels, extracellular matrix (ECM) and various biologically active molecules derived from tumor
and nontumor cells [11]. The heterogeneity, dynamic localization and differentiation of mammary gland
cells outlining IMPCs are still poorly understood. Furthermore, the transformation of carcinomatous areas
in situ to invasive areas requires further study to develop a treatment for canine mammary gland
cancer [7, 12, 13]. Tumor progression and the key components involved in that process have been
described [14, 15]. IMPC displays unexpected secretory activity at the stroma-facing surface, suggesting a
reversal of cell polarity in this type of tumor [1]. For example, the surface glycoprotein mucin 1 (MUC1),
which is typically expressed at the apical surface of normal epithelial cells, is reported to play an
important role in the detachment of cells from the stroma and facilitates the tumoral spread of cells [2].

In normal breast tissue, a basement membrane separates the ductal epithelium and the underlying
myoepithelial cells from the surrounding connective tissue that contains capillaries, �brillar ECM and
�broblasts [16, 17]. In invasive ductal carcinomas, the basement membrane is ruptured, and the tumor
cells often form irregular duct-like areas without a de�ned basement membrane [18, 19]. The stroma
surrounding the tumor cells contains in�ammatory in�ltrates, newly formed capillaries and
myo�broblasts [18].

Stromal cells have been shown to substantially affect normal and tumor tissues and may play a key role
in regulating breast epithelial cell function [20]. Resting and activated �broblasts are associated with
cancer cells at all stages of cancer progression. The structural and functional contributions of these cells
to cancer progression are beginning to emerge with the de�nition of cancer-associated �broblasts
(CAFs) [15, 19]. Many molecules are used as CAF markers, for example, alpha-smooth muscle actin
(aSMA), an important marker of differentiated myofibroblasts [11, 14, 21]; S100A4, also named �broblast
specific protein-1 (FSP-1), a calcium-binding protein that has been recognized to play a key role in tumor
progression and metastasis [22]; and Vimentin, an intermediate �lament-associated protein [18, 23, 24].

This study aimed to investigate the neoplastic and stromal cells lining the IMPC cystic space.
Immunohistochemical and immuno�uorescence (IF) staining were used to assess the presence of cells
expressing αSMA, Vimentin, and S100A4. Furthermore, the reversal of epithelial cell polarity was
examined in IMPC by investigating the apical glycoprotein MUC1. Finally, transmission electron
microscopy (TEM) was utilized to investigate the cells lining the cystic space in canine IMPC. The
obtained results may improve our understanding of the canine IMPC microenvironment.

Methods
Case selection, histopathological analysis, and overall survival analysis

Samples from eight cases of IMPC and one control normal canine mammary gland were selected at the
Laboratory of Comparative Pathology of the Institute of Biological Sciences, Universidade Federal de
Minas Gerais (UFMG), after approval by the Animal Experimentation Ethics Committee (CEUA protocol
number: 362/2016). The human IMPC sample used as a positive control was donated by the Laboratory
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of Clinical Analysis “Hermes Pardini”, Belo Horizonte, Minas Gerais, and was approved by the Research
Ethics Committee (CAAE-0002.0.204.203-11).

For histopathological analysis (grading, histotype and margins), primary tumor specimens were �xed
with 10% neutral buffered formalin, embedded in para�n (to generate formalin-�xed, para�n-embedded
(FFPE) samples), sliced into 4 µm thick histological sections, and stained with hematoxylin and eosin
(Sigma-Aldrich, Carlsbad, CA, USA). All cases were reviewed and reclassi�ed independently by two
pathologists (GDC and TS). In brief, carcinomas with cystic formations containing nests of epithelial cells
with a moruliform appearance (an in�ltrating micropapillary pattern) were diagnosed as IMPC, regardless
of whether they were associated with in situ micropapillary areas [25] (Fig. 1). The invasive areas of
canine IMPCs were graded according to the Nottingham grading system [26, 27]. The overall survival time
was de�ned as the period (in days) between surgery and death due to the tumor. The follow-up period
was 400 days. Seven of the dogs evaluated died due to the disease; however, in one case, the dog died
because of hemorrhagic diathesis. The survival rate was calculated using the Kaplan–Meier method [6, 9,
28].

 

Immunohistochemistry

          IHC was performed as previously described with minor modi�cations [9, 29]. Sections (4 μm) of
primary tumors were mounted on silanized slides, and a peroxidase-based detection system, Novolink™
Polymer (Leica Biosystems Newcastle Ltd., Newcastle, UK), was applied. Slides were dewaxed in xylene,
and endogenous peroxidase activity was quenched with 3% H2O2 in methanol. The reagents were applied
manually, and immunoreactivity was visualized by incubating the slides with 3,3'-diaminobenzidine (Lab
Vision DAB substrate system; Lab Vision, Fremont, California, USA) for 5 minutes. The antibodies used in
this study are described in detail in Table 2. Negative controls were established using normal serum (Lab
Vision Ultra V Block) instead of the primary antibody. Normal canine mammary gland tissue was used as
a positive control for all immunohistochemical staining procedures (see Supplementary Fig. 1).

 

IF staining for phenotypic markers and imaging via superresolution microscopy

          IF staining was performed as previously described by Rodrigues M.A. et al. (2016) [12, 30–32]. In
brief, FFPE tissue sections were dewaxed, rehydrated, and unmasked in Trilogy solution (Cell Marque,
Koclin, CA, USA) with pressurized heating (125°C) for 20 minutes according to the manufacturer’s
instructions. Next, samples were rinsed with phosphate-buffered saline (PBS, 137 mM NaCl, 2.7 mM KCl
and 10 mM phosphate buffer solution (pH 7.4)) (Sigma-Aldrich), incubated with PBS containing 0.2%
Triton X-100 (Sigma-Aldrich) for another 20 minutes, and blocked with PBS containing 1% bovine serum
albumin (BSA, Sigma-Aldrich) for 30 minutes. Next, sections were incubated with primary antibodies
against the nuclear envelope markers Lamin B1/B2, aSMA, Vimentin, CD31, von Willebrand factor, p63,
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S100A4 and MUC1. Detailed information about each antibody is presented in Table 2. The
immunoreactivity of these antibodies has already been validated in canine species, as described in
previous studies and by the manufacturer [6, 24, 33–39]. One sample of human IMPC was used as a
positive control for all labeling performed in the present study (see Supplementary Figs. 4 and 5). Then,
sections were rinsed three times with PBS for 5 minutes each. Subsequently, sections were incubated
with an Alexa Fluor® 488-conjugated goat anti-rabbit IgG antibody (1:1000, Life Technologies, Carlsbad,
CA, USA), an Alexa Fluor® 555-conjugated goat anti-mouse IgG antibody (1:1000, Life Technologies) and
Hoechst 33258 (1 mg/mL, Life Technologies) for 1 hour at room temperature. Next, the samples were
washed 3x with PBS for 10 minutes each and were then mounted using Prolong Gold Antifade Reagent
(Life Technologies). A negative control was included in all reactions by omitting the primary antibodies
(see Supplementary Fig. 3e). Images were acquired with a Zeiss LSM 880 connected to an Airyscan
detector (Carl Zeiss, Jena, Germany) using an 40× 1.3 NA oil objective. In this study, we used the Airyscan
system to increase the signal-to-noise ratio and resolution. This system is a 32-channel GaAsP-PMT area
detector that is used for superresolution microscopy to resolve structures beyond the diffraction-limited
resolution of conventional light microscopes [40]. Samples were excited at 405 nm and observed at 420-
480 nm to detect Hoechst, excited at 488 nm and observed at 500-525 nm to detect Alexa Fluor 488, and
excited at 543 nm and observed using a longpass (LP) 570 nm �lter to detect the Alexa Fluor 555 signal.
Zeiss E�cient Navigation (ZEN) software was used to display orthogonal projections (XY, XZ, and YZ).
The �uorescence microscopy results were evaluated in invasive areas of IMPCs, and �ve to ten images
were acquired from each sample. Seven markers were analyzed (n = 300 images).

 

Tissue processing for ultrastructural evaluation

          For TEM, one normal and one tumor biopsy sample (�ve fragments of each) �xed with 10% neutral
buffered formalin were cut into pieces of approximately 2 mm (length x width) and subsequently
post�xed with 5% glutaraldehyde (biological grade; Electron Microscopy Sciences, Hat�eld, PA, USA) in
0.05 M phosphate buffer (pH 7.3) for 24 hours. Then, the fragments were post�xed with reduced osmium
(osmium tetroxide 1% and potassium ferrocyanide in distilled water) for 90 minutes and dehydrated in
ethanol and acetone before embedding in epoxy Araldite resin (Electron Microscopy Sciences, Hat�eld,
PA, USA). After preparation of ultrathin sections at a thickness of 60 nm, images were acquired using a
Tecnai G-12 FEI–120 KV microscope. The images were adjusted for resolution, sharpness, and contrast
using Adobe Photoshop software (Adobe System, Inc., Mountain View, CA, USA).

Results
Anatomopathological description

IMPC cases were selected from the Laboratory of Comparative Pathology archives (Fig. 1). The age of
the animals ranged from 4 to 13 years (mean 10.5 ± 3 years) at the time of surgery. Tumors smaller than



Page 6/25

6 cm were predominant (4/8, 50%), and regional metastasis was observed in 62.5% of the dogs (5/8).
Regarding the IMPC histopathological analysis, 7 cases were histological grade II, and 1 case was
histological grade III. Concerning overall survival, 7 dogs died because of mammary neoplasia, and one
dog died due to hemorrhagic diathesis. The overall survival time ranged from 8 to 404 days (median 157
days). Overall survival was de�ned as the period from surgery to death due to the tumor. The
clinicopathological �ndings and survival data of the dogs are presented in Table 1. One normal canine
mammary gland sample was used as a control.

 

 

Immunohistochemical analysis

          Immunohistochemical analyses were performed in all primary IMPCs, and images were acquired
using a light microscope. All IMPC samples contained numerous irregular cystic formations with nests of
epithelial cells in a moruliform pattern (Fig. 1). The lumen exhibited cell clusters in the in situ areas,
indicating a transition to invasive areas, and the neoplastic cells were pleomorphic with a typical
polygonal morphology. We observed Cytokeratin (CK) (clone AE1/AE3) staining, indicating the epithelial
cells in IMPCs (Fig. 2a and b). We used Vimentin staining to investigate the cellular localization of the
stromal cells outlining the IMPCs and observed cytoplasmic staining indicating mesenchymal cells
around the IMPC areas (Fig. 2c). P63 staining for myoepithelial cells was observed to be negative in
IMPCs (Fig. 2d); CD31 staining was positive in the tumor-associated vessels around the tumor but was
not observed in IMPC cystic formations (Fig. 2e and f). Normal canine mammary gland tissue was used
as a positive control. In this sample, the ductal epithelial cells were positive for CK, myoepithelial cells
were positive for p63, blood vessel endothelial cells were positive for CD31, and the mammary gland
stromal areas were positive for Vimentin (see Supplementary Fig. 1). Collectively, these results document
the presence of epithelial cells (CK+) and mesenchymal cells (vimentin+) and the absence of
myoepithelial (p63-) and endothelial (CD31-) cells in IMPC. No differences in immunostaining were
observed between the in situ and invasive areas.

 

 

Phenotypic characterization of stromal and neoplastic cells using superresolution microscopy

A Zeiss LSM 880 with an Airyscan detector was used to overcome the limited image resolution and
improve the signal-to-noise ratio compared with those of conventional light microscopes and confocal
systems. This system utilizes deconvolution by properly weighting the signals from a combination of 32
detectors to improve the three-dimensional (3D) resolution and has been applied in biomedical research
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and clinical diagnosis [41]. Observation of immunohistochemical staining does not allow precise
colocalization of signals, and multiple colors cannot be visualized simultaneously in 3D [42].

We performed double labeling of S100A4, aSMA or Vimentin with Lamin B1/B2 in all micropapillary
samples from canine mammary glands to observe the expression of these markers in the stromal and
neoplastic cells outlining the IMPC cystic space. Lamin B1/B2 was used as a marker of the inner nuclear
membrane (INM). The IMPC samples exhibited numerous irregular cystic formations containing nests of
epithelial cells in a moruliform pattern. In all eight IMPC samples evaluated, cells were positive for
S100A4, SMA, and Vimentin in invasive and in situ areas (Fig. 3a, b and c and Supplementary Fig. 2a, b
and c). We observed the same labeling pattern on stromal cells in the human IMPC sample used as the
positive control (see Supplementary Fig. 4a, b, and c). Staining for von Willebrand factor and CD31 was
observed in the plasma membrane of lymphatic and endothelial cells, but these markers were not
observed in the IMPC cystic formations. This control con�rmed the true nature of the IMPC cases in this
study (Fig. 4a and b, Supplementary Fig. 3a and b, and Supplementary Table 1). Similarly, staining for
von Willebrand factor and CD31 was not detected in the cystic area of the human IMPC, con�rming our
previous observation (see Supplementary Fig. 5a and b). Serial superresolution images showed the
localization of the stromal cells surrounding the epithelial nests (Figs. 3 and 4). Furthermore, staining for
the myoepithelial cell marker p63 was negative in IMPC samples and positive in normal mammary
glands used as positive controls (see Fig. 4c and d and Supplementary Fig. 3c and d). Similar results
were obtained for the human IMPC (see Supplementary Fig. 5c). We performed MUC1 staining to
investigate the reversed polarity of IMPC cells. Positive and diffuse MUC1 staining was detected on the
stroma-facing (basal) surface of the neoplastic cell clusters in all IMPCs of the canine mammary gland
(Fig. 5a and b and Supplementary Fig. 2d). Diffuse MUC1 staining was observed in the human IMPC
sample, and this labeling con�rmed the previous results (see Supplementary Fig. 4d). Collectively, these
results are the �rst to characterize the stromal cells surrounding the IMPC cystic space in the canine
mammary gland using superresolution microscopy and IF staining.

 

Ultrastructure of normal and IMPC myoepithelial cells

The normal myoepithelial cells showed a thin elongated cytoplasm with tapering bipolar processes. Their
nuclei had marked invaginations or notches in the nuclear membrane and predominant heterochromatin.
The cytoplasm was �lled with few organelles and a large amount of myo�laments. The myoepithelial
cells were connected to the stroma by hemidesmosomes along the evident basement membrane (Fig.
6a). In IMPCs, the morphology of myoepithelial cells was modi�ed. These myoepithelial-like
cells exhibited smaller and �atter oval nuclei without notches and with predominant euchromatin. The
cytoplasm was observed as very thin, and long cytoplasmic extensions with a reduced amount of
myo�laments and the absence of microvilli, intercellular junctions and basement membrane (Fig. 6b and
c). Neoplastic myoepithelial cells had long and thin cytoplasmic extensions outlining the large luminal
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area of the invasive cystic space of IMPCs (Fig. 6d and e). Similar myoepithelial-like cells were observed
in in situ IMPC regions (data not shown).

Discussion
IMPC of the breast is a morphologically distinct form of invasive ductal carcinoma that occurs in
women [2]. The constituent tumor cells are typically arranged in small clusters with a central lumen, and
micropapillae lacking �brovascular cores extend into clear spaces [2, 6, 29]. This type of cancer in women
is extremely aggressive, and based on previous studies from our group, it appears to exhibit a similar
behavior in dogs [1, 5, 6, 8]. In the present study, we performed morphological analysis using
immunohistochemical and IF staining and ultrastructural analysis using TEM to characterize the
neoplastic cells outlining the cystic space of IMPC in the canine mammary gland.

The tumor microenvironment contains several cell types, including endothelial cells, �broblasts,
myo�broblasts, and other cells. The stroma around invasive breast tumors is described to differ from
normal breast tissue, with alterations in stromal protein synthesis [20]. Compared to normal tissues,
CAFs express increased levels of proteins such as aSMA and S100A4 [11]. Fibroblasts are embedded
within the �brillar ECM of the connective tissue and constitutively express Vimentin and �broblast-
speci�c protein 1 [18, 43]. Several differences in the stroma of invasive breast cancer are attributed to
activated �broblasts, also termed myo�broblasts, re�ecting their acquisition of aSMA expression [44, 45].
In our study, we observed stroma-associated �broblasts. We detected aSMA expression in IMPC cystic
areas; aSMA expression may be a marker for increased aggressiveness of this type of tumor. Indeed,
SMA expression and acquisition have been reported to be a prerequisite for tumor invasiveness in breast
cancer [46]. S100A4 has been observed to be overexpressed in advanced-stage thyroid carcinoma and in
patients with breast, gastric, pancreatic, lung, and prostate cancers [22, 47–49].

S100A4 expression was positive in both invasive areas of the tumor transition zone (in situ to invasive) in
the present study. This protein may play a role in other advanced diseases with lymph node
metastasis [50, 51]. We also observed positive staining for the intermediate �lament-associated protein
vimentin in canine IMPC. Typically, �broblasts appear as fusiform cells with a prominent actin
cytoskeleton and intermediate �laments composed of vimentin [18]. Fibroblasts participate in the repair
process by differentiating into activated myo�broblasts, which help maintain the in�ammatory response
to injury [43, 52, 53]. Myo�broblasts are large cells with a highly active endoplasmic reticulum, and they
can produce and secrete cytokines [52]. Other groups have reported roles for �broblasts in the initiation of
cancer invasion, and these cells have been termed CAFs [11, 53]. These cells are reported to be atypical
tumor stromal �broblasts and are related to tumor progression and recurrence [54, 55]. CAFs promote
ECM remodeling, proliferation, invasion, and in�ammation and are considered to play key roles in the
tumor microenvironment [56, 57]. During epithelial-to-mesenchymal transition, epithelial cells are
converted into �broblast-like cells in various tissues, and this process requires further investigation in
canine tumors. Fibroblasts might also play a role in metastasis, and therapies targeting CAFs are being
considered for cancer control [18].
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In our study, all canine IMPC cases exhibited numerous irregular stromal cystic formations containing
nests of epithelial cells in a moruliform pattern. Positive staining for CD31 and von Willebrand factor was
observed in the plasma membrane of only endothelial and lymphatic cells of tumor-associated vessels in
the peritumoral region but was not observed in the IMPC cystic formations. The empty spaces outlining
the micropapillae of the carcinoma cell nests were not surrounded by endothelial and myoepithelial cells,
thus confirming the infiltrative micropapillary nature of the tumors [6, 58].

According to Tavassoli (1999), the most important feature for distinguishing a papilloma from a papillary
carcinoma is the presence of a relatively uniform myoepithelial cell layer in the proliferating intraluminal
component of the lesion, and the absence of the basal myoepithelial layer in the papillary processes
almost always indicates a carcinoma [59]. Several newer markers, including p63, have been used to
successfully identify myoepithelial cells. Histological or immunolocalization-based identi�cation of a
myoepithelial cell layer has become a key feature used to distinguish benign from malignant and in situ
from invasive lesions of the breast [60–62]. P63 shows no cross-reactivity with myo�broblasts or
vascular smooth muscle cells [60]. Other studies have identi�ed p63 as a sensitive and highly speci�c
marker of myoepithelial cells in canine mammary tissues [63]. Differences in indicators of malignancy
between luminal epithelial cell types and myoepithelial cells have been reported [64]. In our study, we
observed negative staining for p63 in all IMPC cases analyzed (see Fig. 4), although TEM observation
revealed myoepithelial-like cells covering the cystic space. By IHC, Gamba et al. (2013) documented
positive nuclear p63 staining in 20% of IMPCs of the canine mammary gland [6]. In our study, careful
background adjustments in the IF staining images based on the negative controls decreased the chances
of detecting false positive signals in the immunohistochemical staining samples.

In histopathological evaluations via light microscopy, cystic spaces do not appear to have a visible cell
coating, as previously observed [59]. When this region was evaluated by TEM, the presence of
myoepithelial-like cells that differed morphologically from the normal mammary gland was observed for
the �rst time in canines. In addition to �attened nuclei without membrane notches and long and thin
cytoplasmic extensions in the nucleoplasm, these cells exhibited predominant euchromatin. These
ultrastructural characteristics, the absence of notches in the nuclear membrane and the abundant
euchromatin (higher DNA synthesis) indicate malignancy [17]. These TEM observations suggested that
these cells were neoplastic myoepithelial-like cells.

IMPCs also show unexpected secretory activity from the stroma-facing surface of tumor cells, suggesting
a reversal of cell polarity. Other groups have investigated the distribution of MUC1, which is expressed on
the apical surface of several types of epithelial tissues [2, 65]. Nassar et al. (2004) showed the
distribution of MUC1 in human IMPCs from different organs. This study characterized a reversal of
cellular polarization and expression of MUC1 in the stroma-facing surface of the cells [2]. Other markers,
such as E-selectin and its ligand sialyl Lewis X (SLX), may play a role in lymph node metastasis in IMPC,
and the expression pattern of SLX suggested the reversal of cell polarity in IMPC [13, 66]. We report a new
observation of MUC1 expression in the stroma-facing surface of canine tumor cells. Our IF staining and
superresolution microscopy results con�rmed the reversal of cell polarity, and our �ndings were similar to
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those observed in human IMPC tissue. MUC1 expression on the stroma-facing surface of the cells might
be a key factor contributing to the distinct morphology of this tumor type by causing the detachment of
neoplastic cells from the stroma [2].

Conclusions
The present study provides a morphological, immunohistochemical, and ultrastructural characterization
of the neoplastic cells outlining the cystic space of IMPC. The cells expressing Vimentin, S100A4, and
αSMA are likely to be resting or activated �broblasts that may play an important role in this type of
neoplasia. For the �rst time, the cystic space of canine IMPC was shown to be delimited by thin
extensions of myoepithelial-like cells that have lost p63 expression. These �ndings may help to improve
IMPC treatment and diagnosis.
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Tables
Table 1. Clinicopathological and survival findings of the IMPCs of the canine mammary gland.

 Cases

Age 

(years) Breed

Tumor 

Size (cm)

Lymph node

Metastasis

Histological 

Grade*

Overall survival 

(days)#

Case 1  14 Poodle 5 Yes II 71

Case 2  8 Daschound 4 Yes II 150

Case 3  12 Crossbreed 7 Yes II 30

Case 4  8 Akita 4 NA II 8§

Case 5 12 English Cocker Spaniel 8 NA II 150

Case 6 13 Poodle 6 Yes III 404

Case 7 11 Crossbreed 11 Yes II 360

Case 8 10 Bichon Frise 2 NA II 90

             

NA, Not Available.

* Histological grading based on that of Elston and Ellis (1991, 1998).

# The overall survival time was defined as the period (in days) between surgery and death due to the tumor.

Seven canines evaluated, died due to the disease; nevertheless, in the case 4 (§) the dog died because of a
hemorrhagic diathesis.
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Table 2. Details of the antibodies used for immunohistochemistry and immunofluorescence
in canine mammary tumors.

 
ANTIBODY

 
SOURCE

 
CLONE

 
DILUTION

 
MANUFACTURER

ANTIGEN
RETRIEVAL

 
INCUBATION

 
CD31

 
mouse

 
JC70A

 
1:100

 
DAKO

Pressurized
Heating (125°)

 
Overnight (4°)

 
Cytokeratin

 
mouse

 
AE1/AE3

 
1:100

 
DAKO

Pressurized
Heating (125°)

 
Overnight (4°)

Factor VIII-
associated factor

 
rabbit

 
polyclonal

 
1:800

 
DAKO

Pressurized
Heating (125°)

 
Overnight (4°)

 
Lamin B1

 
rabbit

 
polyclonal

 
1:100

 
ABCAM

Pressurized
Heating (125°)

 
Overnight (4°)

 
Lamin B2

 
mouse

 
monoclonal

 
1:100

 
ABCAM

Pressurized
Heating (125°)

 
Overnight (4°)

 
MUC1

 
rabbit

 
EP1024Y

 
1:200

 
ABCAM

Pressurized
Heating (125°)

 
Overnight (4°)

 
αSMA

 
mouse

 
1A4

 
1:100

 
DAKO

Pressurized
Heating (125°)

 
Overnight (4°)

 
S100A4

 
rabbit

 
polyclonal

 
1:100

 
Thermo Scientific

Pressurized
Heating (125°)

 
Overnight (4°)

 
p63

 
mouse

 
4A4

 
1:100

 
Neomarkers

Pressurized
Heating (125°)

 
Overnight (4°)

 
Vimentin

 
mouse

 
3B4

 
1:100

 
DAKO

Pressurized
Heating (125°)

 
Overnight (4°)
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Figure 1

Histopathological appearance of the spontaneous canine model of invasive micropapillary carcinoma.
Invasive and in situ micropapillary areas characterized by neoplastic epithelial cells within cystic spaces.
Harris’s hematoxylin staining is shown (scale bar = 50 μm).
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Figure 2

Photomicrographs illustrating Cytokeratin (AE1/AE3), Vimentin, p63, and CD31 immunostaining on IMPC
the canine mammary gland. Epithelial neoplastic cells exhibiting Cytokeratin (AE1/AE3) positive staining
on in situ and invasive areas of IMPC (see arrows) (A-B) (Scale bar = 40 μm). Vimentin positive labeling
con�rming the presence of a mesenchymal compound on IMPC (C) (Scale bar = 50 μm). Negative p63
staining on IMPC (D) (Scale bar = 30 μm). CD31 positive staining only in the plasma membrane of
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endothelial cells (see asterisks) (E-F) (Scale bar = 50 μm). (Novolink™ Polymer Detection System,
counterstained with Harris's hematoxylin).

Figure 3

S100A4, αSMA, and vimentin expression in invasive areas in a spontaneous canine model of IMPC.
Superresolution images of the nuclear envelope markers Lamin B1/B2 (green), S100A4, αSMA, and
Vimentin (red); nuclei were stained with Hoechst (blue) in invasive (a-c) and in situ areas (b). Note that



Page 22/25

intermediate micro�lament staining surrounds the cystic space of micropapillary tumoral areas. The
merged images show the overlapping staining. Representative images from n=4 discrete primary tumor
cases are shown, and ten images were acquired from invasive areas in each sample. Scale bars = 20μm.

Figure 4

Negative staining for von Willebrand factor, CD31, and p63 in the cystic spaces of invasive micropapillary
areas in the mammary gland. Superresolution images of the nuclear envelope markers Lamin B1/B2
(green), von Willebrand factor (a), CD31 (b), and p63 (c) (red); nuclei were stained with Hoechst (blue).
Note that the staining is negative for endothelial and lymphatic cell markers (CD31 or von Willebrand
factor) in micropapillary areas. Staining for the myoepithelial cell marker p63 is negative in IMPC and
positive in the control sample of a normal mammary gland (d). The merged images show the overlapping
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signals. Representative images from n=4 discrete primary tumor cases are shown, and ten images were
acquired from in situ and invasive areas in each case. Scale bars = 20μm.

Figure 5

MUC1 expression in invasive micropapillary carcinoma of the canine mammary gland. Superresolution
merged images show the overlapping signals for the nuclear envelope markers Lamin B1/B2 (green) and
MUC1 (red); nuclei were stained with Hoechst (blue). (a) The MUC1 positive control shows apical staining
in the healthy mammary gland. (b) Positive staining is observed on the stroma-facing surface of the
canine IMPC samples (white arrows). Representative images from 4 cases of IMPC of the canine
mammary gland are shown, and ten images were acquired from invasive areas. Scale bars = 20 μm.



Page 24/25

Figure 6

Ultrastructures of normal and canine IMPC myoepithelial cells. (a) Normal myoepithelial cells show ovoid
nuclear (N) shapes and hemidesmosomes (double arrowheads) along the evident basement membrane
(BM). In IMPC (b), myoepithelial-like cells (My) show a smaller and �atter nucleus and thinner cytoplasm.
In (c) and (d), thin cytoplasmic projections of My cells (arrows) coating the large lumen (Lu) of the cystic
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space located close to dense and ordered bundles of collagen �brils are observed (C). Ep, neoplastic
epithelial cell. Scale bars: a and b = 1 µm; c = 2 µm; d = 200 nm
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