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ABSTRACT

Mammary gland tumours, the most common malignant neoplasm in bitches, often display myoepithelial (ME) cell
proliferation. The aim of this study was to isolate, purify, culture and characterise ME cells from normal and neoplastic canine
mammary glands. Monodispersed cells from three normal canine mammary glands and five canine mammary tumours were
incubated with an anti-Thyl antibody and isolated by magnetic-activated cell sorting (MACS). Cells isolated from two normal
glands (cell lines CmME-NI and CmME-N2) and four tumours (cell lines CmME-KI1 from a complex carcinoma, CmME-K2
from a simple tubulopapillary carcinoma, and CmME-K3 and CmME-K4 from two carcinomas within benign tumours) were
cultured in supplemented DMEM/F12 media for 40 days. Cell purity was >90%. Tumour-derived ME cell lines exhibited
heterogeneous morphology, growth patterns and immunocyto-chemical expression of cytokeratins, whereas cell lines from
normal glands retained their morphology and levels of cytokeratin expression during culture. Cell lines from normal glands
and carcinomas within benign tumours grew more slowly than those from simple and complex carcinomas. This methodology
has the potential to be used for in vitro analysis of the role of ME cells in the growth and progression of canine mammary
tumours.

© 2013 Elsevier Ltd. All rights reserved.

Introduction

In the normal mammary gland (NMG), the ductal and lobular system is lined by two cell layers, an inner or luminal layer
and an outer layer composed of myoepithelial (ME) cells bordering the basal lamina. Mammary gland tumours are the most
frequent malignant neoplasm in dogs and are known for their structural complexity and disputed histogenesis (Misdorp, 2002;
Sorenmo, 2003). Malignant canine mammary tumours with ME cell proliferation (complex and mixed carcinomas) have a
better prognosis than luminal-epithelial type simple carcinomas (Misdorp et al., 1999). In humans, ME cells play a role in
cancer progression, as well as in the suppression of tumour growth and invasion (Sternlicht et al., 1997; Sternlicht and
Barsky, 1997).

Isolation of enriched populations of epithelial and ME cells from mammary glands of several species, including rats, mice,
rabbits, cattle and humans, has been achieved using density gradient
centrifugation (Kraehenbuhl, 1977; McGrath et al., 1985; Zavizion et al., 1992), fluorescence-activated cell sorting (FACS;
Sleeman et al., 2006; Keller et al., 2010; Rauner and Barash, 2012) and immunomagnetic cell separation methods (Clarke et al.,
1994; Gomm et al., 1995). The latter include Dynabeads combined with ME cell-specific markers and magnetic-activated cell
sorting (MACS), which have been used to separate human breast ME cells (Clarke et al., 1994; Gomm et al., 1995).

Thymocyte differentiation antigen 1 (Thyl, CD90) has been used as a marker for the isolation and/or in vitro identification
of ME cells from NMGs in mice (Lennon et al., 1978; Kim and Clifton, 1993) and humans (Gudjonsson et al., 2002, 2005). Thyl is
an N-glycosylated glycophosphatidylinositol (GPI)-anchored conserved cell surface protein, originally identified as a
thymocyte antigen (Barclay et al., 1976). In humans, Thyl is expressed by fibroblasts, neurones and blood stem cells (Williams
and Cagnon, 1982; Crawford and Barton, 1986; Craig et al., 1993; Saalbach et al., 1999). Expression of Thyl by microvascular
endothelial cells promotes invasion of malignant melanoma cells (Saalbach et al., 2002). Thyl also plays a role in cell
adhesion, proliferation and differentiation (Yamazaki et al., 2009).



The aim of this study was to isolate, purify and culture ME cells from normal and neoplastic canine mammary glands
through selection for Thy 1 using MACS and to characterise the purified cells morphologically and immunophenotypically.

Materials and methods

Case selection

Five spontaneous mammary tumours and three NMGs were collected with the owner's permission from five bitches durin
surgery at the Department of Animal Pathology, University of Turin, Italy (Table 1). The three NMGs were from unaltere
mammary glands in three of the bitches with tumours. Tissue samples from four tumours (cases 1, 2, 3 and 4) and two NMGs
(cases 1 and 4) were used for ME cell isolation, purification, culture and characterisation, and for histological classification and
immunophenotyping tumours, while tissue samples from one tumour and one NMG (case 5) were used for the same purposes,
except that ME cells obtained were not cultured.

Histological classification and immunophenotyping of tumours

Tissue samples from tumours were routinely processed and stained for histological classification (Misdorp et al., 1999)
and immunophenotyping usm% the avidin-biotin-peroxidase complex (ABC) method (Vector Laboratories) with monoclonal
mouse anti-cytokeratin (CK) 5 antibody 5c10ne CK103; isotype IgGi; Euro-Diagnostica; diluted 1:10), polyclonal rabbit
anti-CK 14 antibody (Covance Research; diluted 1:500) and monoclonal mouse anti-human calponin antibody (clone CALP;
isotype IgGi; Dako; diluted 1:400) (Vos et al., 1993a,b; Espinosa de los Mont-eros et al., 2002; Ramalho et al., 2006).

Immunohistochemical expression ofThyl

Fresh samé)les of NMGs and mammary tumours were frozen in liquid nitrogen and cryostat sections were prepared according
to the method of Hellmen (1992). Blocks of tissue were covered with optimal cutting temperature (OCT) cryo-embed-ding media
}%Sakura) and stored at -70 °C. Cryostat sections (5 pm thickness) were cut at -20 °C and fixed in acetone at -20 °C for [Omin.

ndogenous peroxidase activity was blocked by incubation with 0.05% phenyl-hydrazine (Sigma) in phosphate buffered saline
(PBS; pH 7.2) for 40 min. Sections were covered with 10% normal rabbit serum in PBS for 30 min prior to incubation with
monoclonal mouse anti-Thyl antibody (clone SE10; isotype IgGi; BD Pharmingen; diluted 1:20) for 1 h at room temperature.
The reaction was developed using Envision (Dako), with 3,3-diaminobenzidine tetrahydrochloride (Sigma) as the chromogen,
and nuclei were counterstained with Mayer's haematoxylin. The primary antibody was replaced with mouse IgGi (Dako) at the
same dilution as a negative control.

Isolation, purification, culture and characterisation of myoepithelial cells

Preparation of monodispersed canine mammary cell suspensions - Fresh mammaﬁl tissue (approximately 0.5 cm3) was
transported from the operating room on ice in Dulbecco's modified Eagle's Medium/Nutrient Mixture F12 Ham (DMEM/F12;
Sigma-Aldrich) supplemented with 5% fetal calf serum SFCS), 5000 IU/mL penicillin and 5 mg/mL streptomycin. Tissue samples
were transferred to glass Petri dishes and cut into small pieces (about 1 mm3). Disaggregated tissue was digested for 3.5 h at
37 °C under gentle rotation in DMEM/F12 supplemented with 300U/mL collagenase and 100U/mL hyaluronidase (StemCell
Technologies%. Following enzyme digestion, the supernatant containing the fat layer was decanted and the remaining organoids
and single cells were transferred to centrifuge tubes, then the sample was centrifuged at 80 g for 30 s to remove blood vessels
and fibroblasts. The supernatant was discarded and the cell pellet was washed three times with DMEM/F12 su8plemented with
1% FCS.The remainingdpellet was enriched for epithelial organoids according to the method of Stingl et al. (2001). A single cell
suspension was obtained by sequential dissociation of fragments of mammary tissue by gentle pipetting for 1-3 min in [-5 mL
[S)rewarmed trgl sin-ethylene diamine tetraacetic acid (EDTA; Sigma-Aldrich). After addition of 10 mL cold Hank's Balanced Salt

olution (HBSS; Sigma-Aldrich) supplemented with 2% FCS, the suspension was centrifuged at 350 g for 5 min. The supernatant
was removed and the pellet was treated with prewarmed 5 mg/mL dispase and 1 mg/mL DNase I (Stem-Cell Technolo%ies) for 1
min. The reaction was stopped in the same manner. The cell suspension was filtered through a 40 um pore nylon mesh filter (BD
Biosciences) to remove remaining cell aggregates and centrifuged at 350 g for 5 min, after which the supernatant was discarded.
Viable cells were counted using a haemocytometer after staining with Trypan blue.

Isolation and purification of myoepithelial cells - Monodispersed cells were resus-pended in MACS buffer containing PBS, 0.5%
bovine serum albumin (BSA) and 2 mM EDTA, then incubated with the rat anti-canine Thyl monoclonal antibody (clone
YKIX337.;17; isotype IgG,y,; AbD Serotec; diluted 1:125) for 30 min at 4 °C. Samples were washed by adding 1-2 mL MACS buffer
per 1 x 10" cells and centrifuged at 300g for 10min.Magnetic b;;ads conju]%ated to anti-rat [gG MicroBeads (Miltenyi Biotec)
were incubated with the labelled mono is’]lgersed cells at 1 x 10" beads/ mL for 15 min at 2-8 °C. Cells were washed with 2 mL
buffer and centrifu%ed at 300g for 10min. The supernatants were aspirated and the gellets were resus-pended in 500 uL buffer.
Bead labelled (ThyI*) cells were separated from unlabelled (Th 1"'12 cells using a MACS Separator (Miltenyi et al., 1990). Viable
cells were counted using a haemocytometer after staining with Trypan blue.

Culture of purified myoepithelial cells - Purified ME cells from NMGs 1 and 4 and mammary tumours 1-4 were cultured in tissue
culture flasks, plates, dishes and un-coated chamber slides (Lab-Tek II Chamber Slide System, 8-well glass slide, Nalge Nunc).
DMEM/F12 suF(S)lemented with 1% FCS, 2 mM glutamine, 1 pg/mL hydrocortisone, 5 pg/mL insulin, 10 ng/mL epidermal growth
factor (EGF), 100 U/mL penicillin, 0.1 mg/mL streptomycin and 50 ng/mL amphotericin B was added to all ME cell vessels
(lGomm etal., 1997) and incubated at 37 °C in a 5% CO2 humidified incubator. Media were changed every 2-3 days (Gomm et al.,

995%. At confluency, cells were washed with PBS, incubated with 0.25% trypsin-EDTA (Sigma-Aldrich) for 2-5 min (Hellmen,
1992) and reseeded at split ratios of 1:2-1 :3 for 40 days. Cells were examined using an inverted phase contrast microscope
(Nikon Eclipse TS1000

).



Table 1

Clinical and pathological features of dogs with mammary tumours used for isolation of myoepithelial cells.

Case Breed Age (years) Sex Location of tumour Size of tumour (cm) Histological classification Location of normal
of tumour mammary gland
1 Hovawart 10 Female 1V right 4 Complex carcinoma I right
2 Labrador retriever 10 Female 1 right 1.5 Simple tubulopapillary carcinoma -
3 Dachshund 10 Female V right 23 Carcinoma within benign tumour -
4 Yorkshire terrier 10 Female 11 left 0.8 Carcinoma within benign tumour Vleft
5 Mixed 9 Female 1V left 1.2 Complex carcinoma 1 left
Table 2
Antibodies used in the immunocytochemical study.
Antigen Antibody type Clone lsotype Dilution Source Cases in which the antibody was used
Thy1 Monoclonal YKIK337.217 182G 1:50 AbD Serotec 1, 2. 345
CK5 Maonoclonal PCK103 12Gy 1:10 Euro-Diagnostica T 34
CK14 Polyclonal - - 1:500 Covance Research 1,2, 3,45
CK19 Monoclonal RCK108 1eGy 1:100 Dako 1,2,3 4
Vimentin Monoclonal Ve 182Gy 1:50 Dako 1,23 4
SMA Maonaoclonal HHF35 12G, 1:100 Dako g e
Calponin Maonaoclonal CALP 12Gy 1:400 Dako 1,234

Thy1, thymocyte differentiation antigen 1; CK, cytokeratin; 5MA, smooth muscle x-actin.



Fig. 1. Photomicrographs illustrating immunohistochemical expression of Thyl in a normal canine mammary gland (NMG) and in canine mammary tumours, (a) Expression
of Thyl in frozen tissue from a NMG (case 4). A single layer of positive ME cells is present around alveoli, while periductal cells are negative, (b) Expression of Thyl in frozen
tissue from a complex carcinoma (case 1). Spindle-shaped cells forming a nest within the bulk of the tumour cells are positive for Thyl. Isolated linear (membranous pattern)
structures are also visible (arrows), (c) Expression of Thyl in frozen tissue from a carcinoma within a benign mixed tumour (case 3). Spindle-shaped (asterisk) and round cells are
positive for Thyl, while epithelial cells lining tubules are unreactive. Thyl* round cells are present either as solid nests close to or within hyaline cartilage (inset), (d)
Expression of Thyl in frozen tissue from a simple tubulopapillary carcinoma (case 2). Spindle cells forming a single layer around neoplastic epithelial tubules are positive for
Thyl, while epithelial cells are unreactive. Scale bars = 100 pm. Mayer's counterstain.

g . ;T

Fig. 2. Photomicrographs illustrating immunocytochemical expression of markers in cells isolated from a normal canine mammary gland (case 5). (a) Expression of Thyl in 94%
of cells selected by MACS, (b) Expression of CK14 in 96% of cells selected by MACS, (c) Expression of Thyl in 2% of unselected cells, (d) Expression of CK14 in 4% of unselected
cells. Scale bars = 100 um. Mayer's counterstain.



Immunocytochemical characterisation of purified myoepithelial cells (Thyl*) and unselected cells (Thyl~)

Immunocytochemistry was performed on aliquots of uncultured Thyl" and Thyl~ cells from case 5 to assess Thyl” cell
purity and also on Thyl” cells from cases 1-4 cultured on uncoated chamber slides at cell passages O (PO, primary isolation)
and I (PI). Cells were fixed with acetone at -20 °C for 10min (Wojcik et al., 1999), then stained with primary antibodies
against Thyl, CK5, CK14 and CK19, vimentin, smooth muscle a-actin (SMA) and calponin (Table 2) using the ABC method.

e primary antibody was replaced with the same immunoglobulin isotype at the same dilution as a negative control.

To evaluate uncultured immunostained ME cells, images were captured by photpmicrqlgra;l)hy (x40 obf'ective;
NIS-Elements version F2.30 software, Nikon) from four neighbouring, non-overlapping fields. Thyl®, Thyl, CK14" and
CK14~ cells were counted with a digital pen tablet (Volito 2, Wacom) to determine the percentage of positive cells. To
evaluate cultured immunostained ME cells, positive and negative cells were counted at a magnification of x400 by two
pathologists and results were expressed as the percentage of positive cells in relation the total number of cells: high
(5=60% positive cells), moderate (30-60%), low (10-30%) or negative (<10%).

Fig. 3. Phase contrast photomicro%_raphs of cell lines derived from normal (N) or neoplastic (18 canine mammary tissue on primary
isolation (passage PO) or day 1 of culture, (a) CmME-N2 at PO, showing polyhedral cells with round to ovoid nuclei, one or more
prominent nucleoli and perinuclear processes, (b) CmME-KI at PO, showing elongated cells in contact with each other, §c) CmME-K2 at
culture day 1, showm%jpolyhedral and stellate cells, (d) CmME-K3 at culture day 1, showmé small, polygonal cells forming compact
islands attached to the bottom of the flask. Some cells are multinucleated (a'stensks%,_ (e) CmME-K4 at PO, showing a heterogeneous cell
population with abundant, granular cytoplasm and round to ovoid nuclei with prominent nucleoli. Scale bars = 100 pm.



Table 3
Passages and days for each cell line and histological classification of the tissue of origin.

Cell line Case number Days in culture Histological classification of the tissue of origin®
Passage 0 (PO) Passage 1 (P1) Passage 2 (P2) Passage 3 (P3)

CmME-N1 1 ] 19 33 - Normal mamimary gland

CmME-N2 4 4] 30 - - Normal mammary gland

CmME-K1 1 0 14 19 33 Complex carcinoma

CmME-K2 2 0 14 19 33 Simple tubulopapillary carcinoma

CmME-K3 3 o 35 - - Carcinoma in benign tumour

CmME-K4 4 o 32 - - Carcinoma in benign tumour

A Misdorp et al. (1999).

Results
Histological classification and immunophenotyping of tumours

Two complex carcinomas (cases 1 and 5), one simple tubulo-papillary carcinoma (case 2) and two carcinomas within
benign tumours (cases 3 and 4), along with NMGs from cases 1, 4 and 5, were used in this study. CK5, CK14 and calponin were
expressed by neoplastic cells in all tumours and flattened or spindle-shaped cells forming a single, complete layer around normal
ducts and acini in NMGs (see Appendix A: Supplementary Figs. 1-8).

Immunohistochemical expression ofanti-Thyl antibody in normal and neoplastic canine mammary gland tissues

Thyl antigen was expressed in normal and neoplastic canine mammary tissues as faint membranous and stronger
cytoplasmic immunostaining. In NMGs, cells forming a single layer around most acini expressed Thyl, while duct epithelial
cells were unreac-tive (Fig. la). Thyl was expressed by spindle-shaped, polygonal and round cells forming fascicles or nests in
complex carcinomas (Fig. Ib) and carcinomas within benign tumours, as well as by spindle-shaped cells forming a single layer
around isolated neoplastic



Fig. 4. Phase contrast photomicrographs of cell lines derived from normal (N) or neoplastic (K) canine mammary tissue after cell culture, (a) CmME-NI1 at day 40, showing
polyhedral to elongated myoepithelial cells, (b) CmME-N2 at PI, showing increased amounts of cytoplasm and less uniform appearance, but retention of polyhedral
morphology, (c) CmME-KI at day 40, showing cells with polyhedral morphology, (d) CmME-K2 at PO (at culture day 7), showing cells that are elongated, or small and
polygonal, with round nuclei and prominent nucleoli, forming compact islands. Cells with intermediate morphology are also visible, (¢) CmME-K2 at day 40, showing
polyhedral morphology, (f) CmME-K4 at PI, showing increased size of cells, ratio of nucleusxytoplasm and perinuclear processes, (g) CmME-K3 at day 40, showing marked
anisocytosis. Scale bars = 100 pm.



epithelial tubules in the simple tubulopapillary carcinoma (case 2; Fig. Ic and d). Staining was non-specific or absent in negative control
sections of NMGs and tumours (see Appendix A: Supplementary Figs. 9 and 10).

Immunocytochemical characterisation of purified uncultured myoepithelial cells (Thyl*) and unselected cells (Thyl™)

ME cells were purified and isolated from canine mammary gland tumours and normal tissue by MACS using an anti-Thyl antibody.
Thyl (Fig. 2a) and CK14 (Fig. 2b) were expressed by 94% and 96% of cells positively selected by MACS from the NMG of case 5, and
93% and 94% of cells positively selected by MACS from the tumour of case 5, respectively, although the intensity of the reaction was
stronger in cells from NMGs (see Appendix A: Supplementary Fig. 11). Conversely, Thyl (Fig. 2c) and CK14 (Fig. 2d) were expressed by
2% and 4% of unselected cells from the NMG of case 5, and 3% and 3% of unselected cells from the tumour of case 5 (see Appendix A:
Supplementary Fig. 12).

Morphological and immunocytochemical characterisation of purified and cultured myoepithelial cells

ME cells isolated and cultured from NMGs of cases 1 and 4 were designated CmME-NI and CmME-N2, respectively, while cell lines from
mammary tumours of cases 1, 2, 3 and 4 were designated CmME-KI, CmME-K2, CmME-K3 and CmME-K4, respectively. ME cells from NMGs
(Fig. 3a), CmME-KI (Fig. 3b) and CmME-K2 (Fig. 3c) were polyhedral, stellate or spindle-shaped. ME cells from CmME-K3 (Fig. 3d) were
small, polygonal and formed compact islands. ME cells from CmME-K4 (Fig. 3e) were polyhedral, stellate or spindle-shaped.

Purified ME cells (0.6 x 10 cells) were cultured for 40 days, with a variable number of cell passages (Table 3). The morphology of ME cell
lines from tumours, but not from NMGs (Fig. 4a and b), changed over time. For example, ME cells from CmME-KI were elongated at PI, then
gradually became less elongated and more polyhedral towards the end of culture (Fig. 4c). ME cells from CmME-K2 were elongated at PO
(Fig. 4d), then gradually changed towards a more uniform polyhedral morphology towards the end of culture (Fig. 4e). ME cells from
CmME-K4 had an increase in size, ratio of nucleusxytoplasm and formation of perinuclear processes (Fig. 4f). ME cells from CmME-K3 were
the only cells exhibiting morphological changes consistent with senescence, which appeared after 25 days in culture (Fig. 4g).

The immunophenotype of cultured purified cells (Thyl*, CK5¥, CK14*, CK19~, vimentin*, SMA* and calponin*) was maintained in cultured
ME cells from both NMGs and tumours, although the pattern of CK5 and CK14 expression was heterogeneous (Table 4; Fig. 5a-h; see
Appendix A: Supplementary data).

Discussion

Using positive selection by MACS with a rat anti-canine Thyl primary monoclonal antibody, ME cells with a purity >90% were isolated
from normal and neoplastic canine mammary glands. These cells were cultured for 40 days and characterised morphologically and
immunophenotypically. This is the first time that pure populations of primary ME cells from normal and neoplastic canine mammary glands
have been cultured. Previously, a canine mammary tumour ME cell line was established from a cultured spontaneous carcinoma and cells
were characterised by morphology, growth patterns on plastic surfaces of culture vessels, ultra-structural features, cloning efficiency in soft
agar, tumorigenicity in athymic nude mice and hormonal receptor status, but were not immunophenotyped (Wolfe et al., 1986).

Techniques to separate cells using magnetisable microparticles have been used for the purification and depletion of various cell types
because they combine specificity and a high level of purification with economy and ease of performance (Gomm et al., 1995). Human breast
ME cell populations >90% purity have been obtained using Dynabeads in combination with antibodies against CD10 (Clarke et al., 1994;
Gomm et al., 1995), p4-integrin (Gordon et al., 2003) and Thyl (Gudjonsson et al., 2002). ME cell populations separated using
Dynabeads were of high purity, but beads could not be removed from cells. Using the MACS method, ME cells can be separated to high
purity, with the advantage that the microbeads are biodegradable and do not compromise viability or cell function in subsequent cell cultures
(Clarke et al., 1994). Similarly, biodegradable microbeads were used in the present study.

Currently, there is limited availability of specific and sensitive markers for surface antigens expressed by canine mammary gland ME cells.
CD10 is a sensitive marker for canine mammary ME cells, but is relatively non-specific (Sanchez-Cespedes et al., 2013). P-cadherin is present
on canine ME cells, but is also present in luminal epithelial cells in 40-60% of canine mammary tumours (Gama et al., 2004). In the present
study, an anti-canine Thyl antibody was selected for sorting canine mammary ME cell populations (Cobbold and Metcalfe, 1994).
Immunocytochemically, >90% isolated cells from one normal and one neoplastic mammary gland

Table 4
Immunocytochemical study of myoepithelial cell lines derived from normal and neoplastic canine mammary glands.



Cell line Case number  Immunocytochemical study (days in culture)  Cell passage  Expression of antigens

Thy1 CK5 CK14  CK19  Vimentin  5MA  Calponin
CmME-N1 1 17 PO 3 1 1 0 3 3 3
28 P1 3 1 1 0 3 3 3
CmME-N2 4 18 PO 3 2 2 0 3 3 3
35 P1 3 2 2 0 3 3 3
CinME-K1 1 13 PO 3 3 3 4] 3 3 3
YT P1 3 1 1 [4] 3 3 3
CrmME-K2 2 13 PO 3 2® 27 0 3 3 3
17 P1 3 22 28 1] 3 3 3
CmME-K3 3 20 PO 3 3 3 0 3 3 3
38 P1 3 3 3 0 3 3 3
CmME-K4 4 18 PO 3 1 22 0 3 3 3
35 P1 3 i 22 4] 3 3 3

Thy1, thymocyte differentiation antigen 1; CK, cytokeratin; 5MA, smooth muscle a-actin. 0, negative (< 10% positive cells); 1, low level (10-30% positive cells); 2, moderate

level (30-60% positive cells); 3, high level { =60% positive cells).
4 There was a decrease in the percentage of positive cells without changing the level of expression.
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Fig. 5. Photomicrographs demonstrating immunocytochemical expression of markers by cell lines, (a) Expression of CK14 by CmME-NI at passage 1 (PI), (b) Expression of
CKS by CmME-NI at PL. (c) Expression of calponin by CmME-N2 at PI. (d) Expression of calponin by CmME-KI at PO. (e) Expression of CK5 by CmME-KI1 at PO. (f) Expression of
calponin expression by CmME-K2 at PI. (g) Expression of CK14 by CmME-K3 at PO. (h) Expression of calponin by CmME-K4 at PO. Scale bars = 100 um. Mayer's counterstain.

expressed Thyl immediately after immunomagnetic purification, a percentage similar to that reported for isolated cells expressing the ME cell
lineage-specific marker CK14 (Martin de las Mulas et al., 2004; Gama et al., 2008). Furthermore, >95% Thyl~ cells from the same tissues
were negative for both Thyl and CK14, suggesting that population selected as Thyl” was not of ME origin.

Using immunohistochemistry, Thyl expression was observed in neoplastic cells of varying morphology, as well as cells surrounding alveoli,
but not ducts, in NMGs, as previously observed in histological sections of canine mammary tumours (Martin de las Mulas et al., 2004;
Sanchez-Cespedes et al., 2013). Thyl expression has not been described in canine mammary glands previously. In the
present study, we show that the staining pattern for Thyl matches that reported in human breast cancer, where Thyl is strongly expressed
in basal cells, while expression was low or absent in luminal cells in 80% of cases (Donnenberg et al., 2010). However, Polyak and Hu (2005)
noted that not all ME cells express all ME markers and our observations suggest that alveolar ME cells are Thyl positive, while ductal ME
cells are Thyl negative.

ME cells isolated from NMGs in the present study were polyhedral, stellate or spindle-shaped, similar to benign ME cells from explants
derived from a human salivary adenoma (Martinez et al., 2012). The morphology of ME cells isolated from tumours in the present study
was variable and included the polyhedral, stel-
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late or spindle-shaped morphology in cell lines CmME-KI (derived from a simple tubulopapillary carcinoma), CmME-K2 (derived from a
complex carcinoma) and CmME-K4 (derived from a carcinoma within a benign tumour), and small polygonal cells forming compact islands
in CmME-K3 (derived from a carcinoma in a benign tumour). These findings suggest that ME cells from canine mixed mammary tumours are
morphologically less similar to ME cells from NMGs than ME cells from simple and complex carcinomas. Furthermore, the changes
observed in the morphology of cell lines derived from canine mammary tumours over time were not observed in NMG-derived cell lines.
ME cells from CmME-K3 displayed morphological changes consistent with senescence after 25 days (enlarged, flattened cells with
increased granularity), but additional investigations would be required to confirm senescence (Kuilman et al., 2010).

Cultured ME cells from both NMGs and tumours displayed a ME cell immunophenotype before and after PI, defined by expression of
CKS, CK14, calponin, SMA and vimentin, and lack of expression of the luminal epithelial cell marker CK19 (Vos et al., 1993a,b; Espinosa de
los Monteros et al., 2002; Ramalho et al., 2006; Gama et al., 2010). Vimentin is considered to be a mesenchymal marker and the
co-expression of vimentin and other intermediate filaments, reported mainly in cultured tumours, is seen as an in vitro phenomenon
(Hellmen, 1992). However, canine ME cells in vivo co-express vimentin and cell lineage-specific markers in both normal and neoplastic
mammary glands (Hellmen, 1992).

In vivo studies have shown that CK5 and CK14 are canine ME cell markers (Vos et al., 1993a,b; Ramalho et al., 2006). In the present study,
the pattern of immunocytochemical expression of these markers was heterogeneous. Low or moderate expression of both cytokeratins was
observed in CmME-NI and Cm-ME-N2, respectively, and did not change over time. In contrast, passage number was associated with a
decrease in the percentages and/or levels of CK14 and d<5 expression most tumour cell lines, the exception being CmME-K3.
Heterogeneous cytokeratin expression in canine mammary tumours, also noted by Hellmen (1992), could be attributed to phenotypic
diversity (Lichtner et al., 1987), or may be related to the stage of tumour differentiation (Gustafsson et al., 1989). However, cultured
purified ME cells from human breast cancer maintained their intermediate filament profile over different periods of time, depending on the
culture media used (Pechoux et al., 1999).

Conclusions
A pure population of mammary ME cells from canine NMGs and tumours was isolated and cultured. Cell lines from normal glands retained
their morphology and level of cytokeratin expression during culture, whereas tumour-derived cell lines exhibited alterations in

morphology and cytokeratin expression with passage in culture. This methodology opens up the possibility of in vitro analysis of the role of
ME cells in the growth and progression of canine mammary tumours.
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