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Abstract. The immunohistochemical expression of the smooth muscle–specific protein calponin was studied
to assess the contribution of myoepithelial cells to the histogenesis of spindle cells of complex and mixed
tumors of the mammary gland of the dog and the origin of cartilage and bone in mixed tumors. Formalin-fixed
tissues from 55 benign and malignant tumors (49 also containing surrounding normal mammary gland) were
evaluated. Periacinar and periductal myoepithelial cells of all the 49 normal mammary glands were diffusely
stained by the anti-human calponin monoclonal antibody. Calponin was found in 53 (98%) of the tumors studied,
reacting with the myoepithelium-like cells of 86% of benign tumors and their remnants in 85% of malignant
tumors. Five different types of calponin-immunoreactive myoepithelial cells were identified: hypertrophic myo-
epithelial cells, fusiform cells, stellate myoepithelial cells, rounded (myoepithelial) cells, and chondroblasts.
Differences in staining intensity and staining pattern among these five types of cells suggested a transition of
myoepithelial cells to chondroblasts. Stromal myofibroblasts also showed calponin immunoreactivity, but they
did not react with a cytokeratin 14 monoclonal antibody, which recognizes myoepithelial cells in mammary
gland. Calponin appears to be a very sensitive marker of normal and neoplastic myoepithelium in the canine
mammary gland, and its identification in different cell types of complex and mixed tumors of the mammary
gland of the dog suggests a major histogenetic role for myoepithelial cells.

Key words: Calponin; complex tumors; dogs; immunohistochemistry; mammary gland; mixed tumors; myo-
epithelium.

Canine mammary gland tumors show great histo-
morphologic heterogeneity, and in addition to epithe-
lial cells, they frequently have spindle cells (complex
tumors) and cartilage, bone, or fat (mixed tumors).23
Spindle cells of complex and mixed tumors have been
traditionally assigned a myoepithelial cell origin,18 but
results concerning the comparison of their immuno-
phenotype with that of normal myoepithelium are con-
flicting.9,33,35 Three lines of thinking have developed
about the origin of cartilage and bone in mixed tumors:
metaplasia from epithelial cells,24 metaplasia from con-
nective tissue,33 and metaplasia from myoepithelial
cells.9,27,31,32
Canine complex and mixed mammary gland tumors

show great similarities to human salivary gland pleo-
morphic adenoma, a tumor characterized by variable
mixtures of epithelial and mesenchymal components.11
Pleomorphic adenoma (or benign mixed tumor) of the
breast is a rare benign neoplasm similar to the benign

mixed tumor of the canine mammary gland.2 The re-
cent demonstration of calponin, a marker of a terminal
smooth muscle differentiation,14 in the majority of
well-differentiated myoepithelium-like cells and sig-
nificant proportions of dedifferentiated modified (myx-
oid, chondroid, hyaline) and transformed (solid epithe-
lioid, squamous, basalioid-cribriform) myoepithelia in
a series of 65 pleomorphic adenomas29 supports the
hypothesis that myoepithelial cells give rise to the var-
ious elements seen in pleomorphic adenoma because
of their potential for multidirectional differentation.8,12
These findings prompted us to analyze the efficacy
(sensitivity and specificity) of an anti-calponin anti-
body in selectively staining the myoepithelial cell layer
of the normal mammary gland of the dog and the myo-
epithelial cell component of complex and mixed tu-
mors. We also analyzed the value of this myoepithelial
cell marker in clarifying the putative role of myoepi-
thelial cells in the genesis of mixed tumors of the dog.



248 Vet Pathol 39:2, 2002Espinosa de los Monteros, Millán, Ordás, Carrasco, Reymundo, and Martı́n de las Mulas

Table 1. Histologic classification of the 55 canine mam-
mary gland tumors analyzed.23

Tumor Type Number

Benign tumors
Duct papilloma
Complex adenoma
Benign mixed tumor
Fibroadenoma
Total

5
4
4
1
14

Malignant tumors
Complex carcinoma
Carcinoma in benign mixed tumor
Carcinosarcoma
Total

27
13
1
41

Total 55

Table 2. Characterization of cell types and expression of calponin* in normal mammary gland and mammary tumors
of the dog.

Tumor Types No. Tumors

Cell Types†

EC MEC HMEC FMEC SMEC RMEC CHB

Normal mammary gland 49 0 49 0 0 0 0 0
Benign tumors
Duct papilloma
Complex adenoma
Benign mixed tumor
Fibroadenoma

5
4
4
1

0
0
0
0

5
3
3
1

5
2
4
0

0
4
3
0

0
1
3
0

0
0
4
0

0
0
2
0

Malignant tumors
Complex carcinoma
Carcinoma in benign tumor
Carcinosarcoma

27
13
1

0
0
0

22
13
0

22
12
0

20
10
0

20
7
0

0
7
0

0
4
0

* Number of tumors positive for specific cell type.
† EC � epithelial cells; MEC � myoepithelial cells; HMEC � hypertrophic myoepithelial cells; FMEC � fusiform myoepithelial cells;
SMEC � stellate myoepithelial cells; RMEC � rounded myoepithelial cells; CHB � chondroblasts.

Materials and Methods

Case selection

Fifty-five mammary gland biopsy or mastectomy speci-
mens that were surgically removed from dogs between 1998
and 2000 were collected from the archives of the Department
of Comparative Pathology, University of Córdoba, Spain.
The cases reported in this study were all examined histolog-
ically (hematoxylin and eosin (HE)-stained sections) before
being examined immunohistochemically so they could be
reclassified according to the new World Health Organization
classification of tumors of the mammary gland of the dog.23
The 55 specimens included 14 benign and 41 malignant
complex and mixed tumors (Table 1). Unaltered mammary
gland tissue was found in the vicinity of 49 tumors (Table
2). All tissues had been fixed in 10% neutral buffered for-
malin and embedded in paraffin.

Calponin immunostaining

The monoclonal antibody used in this study was a mouse
monoclonal anti-human calponin (clone CALP, DAKO
Corp., Burlingame, CA) diluted 1 : 400 in phosphate-buff-
ered saline (PBS), pH 7.4, containing 10% normal goat se-
rum. Sections 4–5 �m thick from at least one representative
block of each tumor were deparaffined, rehydrated in graded
alcohols, and incubated with 3% hydrogen peroxidase in
methanol for 30 minutes to block endogenous peroxidase
activity. Heat-induced antigen retrieval (water bath at 95–99
C) with 10 mM citrate buffer (pH 6.0, 8 minutes) was used.
After cooling, slides were covered with 10% normal goat
serum in PBS for 30 minutes before incubation with the
primary antibody for 18 hours at 4 C, and the avidin–biotin
peroxidase complex (ABC) method was applied (Vector
Laboratories, Burlingame, CA). The chromogen, 0.5% 3,3�-
diaminobenzidine tetrahydrochloride (Sigma Chemical Co.,
St. Louis, MO) diluted 1 : 10 in 0.05 M Tris containing 0.3%
hydrogen peroxide, was applied to the slides for 1–2 minutes
at 20–22 C. Slides were counterstained with Harris’s he-
matoxylin. Negative controls were obtained by omitting the
primary antibody and substituting the primary antibody for
mouse ascites fluid diluted 1 : 400. Normal mammary gland
tissue served as an internal positive control in every assay.

Evaluation of immunohistochemical data

Multiple fields on each slide were examined, and positiv-
ity was indicated by the presence of distinct brown cyto-
plasmic staining. The immunostaining was evaluated sepa-
rately, and results were based upon the consensus of at least
two observers. The number of positive cells was determined
as a percentage of the total number of cells observed on each
slide. Thus, the semiquantitative scoring (SQS) was as fol-
lows: � � no stained cells; � � less than 20% positive
cells; �� � 20–59% positive cells; ��� � more than 60%
positive cells. The intensity of positivity was evaluated on a
3-point scale (1i, 2i, 3i). Both the SQS system and the in-
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tensity scoring (IS) were analyzed in all types of immuno-
reactive cells observed.

Cytokeratin immunostaining

A prediluted monoclonal antibody against cytokeratin 14
(Biogenex Laboratories, San Ramon, CA) was used to elu-
cidate the myoepithelial or myofibroblastic nature of calpon-
in-positive stromal cells in selected tumors. This antibody
recognizes keratin protein 14 and reacts with canine epithe-
lial and basal/myoepithelial cells of the normal, dysplastic,
and tumorous mammary gland.16 The ABC immunohisto-
chemical technique was applied using the same antigen un-
masking method.

Results
Normal mammary gland (n � 49)

All myoepithelial cells of ducts and acini (MEC) reacted
with the anti-calponin monoclonal antibody, but epithelial
cells were unreactive (Fig. 1). Immunoreactive products
were distributed homogeneously throughout the cell cyto-
plasm. SQS was ���, and IS was 3i. The smooth muscle
walls of blood vessels also reacted strongly to this antibody
and provided good internal positive controls. When the skin
was included in the tissue section, myoepithelial cells of cu-
taneous apocrine glands and arrector pili muscles were also
homogeneously stained.

Complex tumors (n � 36)

Duct papilloma (n � 5). All five of these tumors
consisted of multiple papillary growths within preex-
isting ducts, which had two different types of cells (HE
staining): large, polygonal cells with clear cytoplasm
(hypertrophic myoepithelial cells [HMEC]) arranged
in several layers over the connective-vascular stromal
core and a single inner layer of smaller, epithelium-
like cells. Calponin-immunoreactive cells were found
in all tumors at two different locations: the continuous
layer of periductal, flattened spindle cells not visible
in HE-stained sections (myoepithelial cells [MEC])
and the HMEC of the papillomatous growths (Fig. 2,
Table 2). Calponin immunoreactivity was homoge-
neous within the cell cytoplasm in MEC and homo-
geneous with or without membrane reinforcement in
HMEC. The SQS was ���, and the IS was 3i for
MEC cells and variable (2i–3i) for HMEC. The inner
epithelial cell layer was unreactive.

Complex adenomas (n � 4). HE staining of these
tumors revealed the intimate admixture of inner epi-
thelium-type neoplastic cells, usually arranged in tu-
bular fashion, and fusiform or, less frequently, stellate
cells lying in abundant, faintly eosinophilic matrix and
arranged in solid nests. These stellate cell nests were
small and closely apposed to individual neoplastic tu-
bules, sometimes pushing and concealing their lumina,
or were bigger and isolated in the interstitium. Occa-
sionally, they were seen emerging from the walls of

preexisting ducts. The neoplasms were encapsulated,
there was no necrosis or atypia, and the mitotic activity
was low. Calponin-immunoreactive cells were found
in all tumors (Fig. 3, Table 2). MEC formed a mono-
layer around luminal epithelium-type structures (n �
3 tumors), and immunoreactive products were homo-
geneous within the cell cytoplasm (SQS � ���; IS
� 3i). HMEC formed a monolayer around luminal ep-
ithelium-type structures (n � 1 tumor), and immuno-
reactive products were homogeneous within the cell
cytoplasm (SQS � ���; IS � 3i). Fusiform MEC
(FMEC) formed nodules either above or below of the
layer of MEC (n � 4 tumors), and immunoreactive
products were homogeneous within the cell cytoplasm
(SQS � � to ��; IS � 2i to 3i). Stellate MEC
(SMEC) were arranged in solid nests and intermingled
with FMEC (n � 1 tumor), and immunoreactive prod-
ucts were homogeneous within the cell cytoplasm
(SQS � �; IS � 2i). The most peripherally located
cells of FMEC and SMEC nests showed the strongest
reactivity, with a gradual decrease in staining of inner
cells (Fig. 3). Among SMEC, the intensity of the stain-
ing was fainter as the number of cytoplasmic projec-
tions increased.

Complex carcinomas (n � 27). Histologically, com-
plex carcinomas differed from their benign counter-
parts in at least one of the following features: 1) atypia
in the epithelial component of the tumor growth; 2)
infiltrative growth; 3) high mitotic activity and cellu-
larity and/or 4) necrosis. Nests of FMEC or SMEC
were similar to those observed in complex adenomas,
although they were more frequently isolated from the
epithelial component (purely interstitial). Immunohis-
tochemically, types of cells reacting with calponin an-
tibody were the same as in complex adenomas, but
their number and distribution were different (Table 2).
Thus, MEC were found in 22 of 27 tumors, but they
appeared as incomplete bands around neoplastic epi-
thelial tubules, as solid nests, or as trapped remnants.
Immunostaining was homogeneous within the cell cy-
toplasm in all cases, and the SQS was variable (from
� to ��). The IS was variable from 3i to 1i (the lower
the amount of remnants, the lower the intensity of
staining). In three tumors, this layer was either com-
plete or focally incomplete, indicating the in situ (Fig.
4) or microinvasive (Fig. 5) nature of the poorly dif-
ferentiated epithelial growth, respectively. In these
three tumors, SQS was ��� and IS was 3i. HMEC
were found in 22 of 27 tumors. In most tumors, they
formed a monolayer alternating with MEC (Fig. 5),
whereas in some tumors they formed two or three lay-
ers of cells forming the base of predominantly papil-
lary growths (Fig. 6). Calponin immunoreactivity was
homogeneous within the cell cytoplasm with or with-
out membrane reinforcement (SQS � ��; IS � 2i).
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Fig. 1. Normal mammary gland; dog. Several acini with two layers of epithelial cells are shown. The inner layer
(epithelial cell layer) is unreactive with the calponin antibody, and the outer layer (myoepithelial cell layer) is positive.
Calponin-immunoreactive products are visible in the cell cytoplasm. Semiquantitative scoring is ���, and intensity scoring
is 3i. ABC method, Harris’s hematoxylin counterstain. Bar � 12 �m.

Fig. 2. Mammary gland duct papilloma; dog. Papillae are shown on cross section. Calponin-immunoreactive cells are
visible at the papillomatous cores as large, polygonal cells (hypertrophic myoepithelial cell [HMEC] type) with a diffuse
cytoplasmic staining pattern. Semiquantitative scoring is ���, and intensity scoring is 3i. ABC method, Harris’s hema-
toxylin counterstain. Bar � 12 �m.

Fig. 3. Mammary gland complex adenoma; dog. Nests of fusiform cells emerge from the wall of a duct. Calponin-
immunoreactive cells include myoepithelial cell (MEC) type (open arrow), hypertrophic myoepithelial cells (HMEC; ar-
rowheads), and fusiform myoepithelial cells (FMEC; arrows). The inner epithelial cells of the wall of the duct are unreactive
(asterisk). Semiquantitative and intensity score for both MEC and HMEC are ��� and 3i; those of FMEC are �� and
2i, respectively. FMEC located at the periphery of the nests are more strongly stained than are FMEC within the nest. ABC
method, Harris’s hematoxylin counterstain. Bar � 12 �m.

Fig. 4. Mammary gland complex carcinoma; dog. Atypical neoplastic epithelial cells filling up the lumina of mammary
ducts are surrounded by a continuous layer of flattened, calponin-immunoreactive cells, indicating the in situ nature of the
epithelial growth. Semiquantitative scoring is ���, and intesity scoring is 3i. ABC method, Harris’s hematoxylin coun-
terstain. Bar � 25 �m.
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Occasionally, HMEC had vacuolated cytoplasm (Fig.
5). FMEC and SMEC were immunoreactive in 20 of
27 tumors, and their immunostaining was homoge-
neous within the cell cytoplasm. SQS was �� for
FMEC and � for SMEC, and IS was variable from 2i
to 1i for both types of cells. In some tumors, FMEC
and HMEC were observed next to each other. In these
areas, the rupture of the basal lamina was evident. In
addition to the four types of immunoreactive cells al-
ready described, fusiform cells forming fascicles were
observed either surrounding (completely or incom-
pletely) the neoplasm or within it in five tumors. Cy-
tokeratin detection was used to elucidate the nature of
these calponin-positive stromal cells. Cytokeratin 14
monoclonal antibody reacted with MEC, HMEC,
FMEC, and SMEC but did not react with the fusiform
stromal cells that reacted with the calponin antibody
(Fig. 7). These cells were not observed in benign tu-
mors, and because of their morphology (fibroblast-
like), location (stromal), and immunophenotype (cy-
tokeratin negative), they were identified as myofibro-
blasts.

Mixed tumors (n � 19)

Benign mixed tumors (n � 4). HE staining of these
tumors revealed benign cells morphologically resem-
bling epithelial components (inner luminal and/or
myoepithelial) and mesenchymal cells that produced
cartilage (n � 2) or cartilage and bone (n � 2). Epi-
thelial components were usually arranged in tubular
fashion, and FMEC formed groups lying in abundant,
faintly eosinophilic matrix. There were also tumor cell
nests composed of FMEC, SMEC, and rounded cells
lying in a deeply basophilic matrix. The latter were
identified as areas of early chondroid differentiation
(Fig. 8) and were frequently observed in the vicinity
of mature cartilage.
Immunohistochemically, all four types of calponin-

positive cells already described in complex adenomas
and carcinomas were seen in those areas of the tumors
with a complex pattern of growth. In three tumors,
MEC formed a monolayer around luminal epithelium-
type structures. Immunoreactive products were ho-
mogeneous within the cell cytoplasm, and SQS was
��� and IS was 3i (Fig. 8). In four tumors where
HMEC were observed, immunoreactive products were
homogeneous, with or without membrane reinforce-
ment, within the cell cytoplasm, and SQS was �� and
IS was 2i–3i. In three tumors where FMEC were
found, the immunostaining was also homogeneous
within the cell cytoplasm, with an average SQS of ��
and an IS of 2i. In 3 tumors where SMEC were found,
immunoreactive products were homogeneous within
the cell cytoplasm, and SQS was � and IS was 2i (Fig.
8, Table 2). In addition to these four types of calponin-

positive cells, rounded MEC (RMEC) found in areas
of early chondroid differentiation (n � 4) and chon-
droblasts (n � 2) were also stained (Fig. 9, Table 2).
RMEC were seen either beneath a peripheral band of
FMEC or SMEC, which surrounded the focus (Fig. 9),
or intermingled with FMEC and SMEC within the fo-
cus. Immunostaining was homogeneous within the cell
cytoplasm, and SQS was � and IS was from 3i to 2i.
Immunoreactive chondroblasts were usually located at
the periphery of the cartilage focus, although some-
times they were found within it (Fig. 10). The number
of calponin-positive chondroblasts and the IS were low
in both cases (SQS � �; IS � 1i; respectively) and
their pattern of staining varied from homogeneous to
dotty within the cytoplasm, giving the impression of a
progressive disappearance from homogeneous to dotty.
Two benign mixed tumors contained areas of bone,
which were always unreactive with the calponin anti-
body. In one of the benign mixed tumors, the MEC
layer was disrupted at the level of atypical intraductal
proliferations. The focal absence of MEC had been
overlooked in HE staining, and the tumor was reclas-
sified as in situ microinvasive carcinoma in benign tu-
mor.

Carcinoma in benign tumor (n � 13). Histologi-
cally, these tumors were similar to their benign coun-
terparts except that the epithelial luminal component
of the tumor had the features of a carcinoma either
focally or diffusely. Immunohistochemically, the pat-
tern of staining was also similar, although differences
were observed mostly with respect to the MEC layer,
which was always disrupted at some point (n � 13).
Immunostaining was homogeneous within the cell cy-
toplasm in all tumors, and the SQS was variable (from
� to ��). The IS was variable from 3i to 1i; the fewer
MEC remnants present, the lower the IS (Fig. 11).
HMEC (n � 3) (Fig. 11), RMEC (n � 7), and chon-
droblasts (n � 4) were also stained, and their pattern
of staining was similar to that described for benign
mixed tumors. Osteoblasts were unreactive in the five
tumors that contained areas of bone, but positive
FMEC were observed in the interosseus space in two
tumors. In addition to the five types of immunoreactive
cells already described, fusiform cells forming fasci-
cles were observed either surrounding completely or
incompletely the neoplasm or within it in five tumors.
These cells did not react with cytokeratin 14 mono-
clonal antibody, but all types of myoepithelial cells
(MEC, HMEC, FMEC, SMEC, and RMEC) did. Iso-
lated chondroblasts reacted with cytokeratin 14 anti-
body in three tumors, and the staining pattern was sim-
ilar to that of calponin antibody. Epithelial cells were
negative to anti-calponin antibody.

Low-cellularity fibroadenoma (n � 1): The epithe-
lial component of the tumor was surrounded by a con-
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Fig. 5. Mammary gland complex carcinoma; dog. Atypical neoplastic epithelial cells fill up the lumen of a mammary
duct and the edge of another duct. Central necrosis and mitoses are present. There are two types of calponin-immureactive
cells: myoepithelial cell (MEC) type (open arrow) and hypertrophic myoepithelial cells (HMEC; arrowheads). Patterns of
immunostaining are homogeneous within the cytoplasm (MEC and HMEC). Some HMEC have vacuolated cytoplasm.
Semiquantitative and intensity scoring for both types of cell are ��� and 3i, respectively. Calponin-positive cells incom-
pletely surround the atypical epithelial intraductal growth (highlighting its microinvasive nature). ABC method, Harris’s
hematoxylin counterstain. Bar � 12 �m.

Fig. 6. Mammary gland complex carcinoma; dog. Neoplastic papilla. Calponin-immunoreactive cells include a single
or double layer of hypertrophic myoepithelial cells (HMEC; semiquantitative scoring ���, intensity scoring 2i; arrow-
heads) and fusiform myoepithelial cells (FMEC; semiquantitative scoring �, intensity scoring 3i; arrows). The pattern of
staining of HMEC is homogeneous within the cell cytoplasm with membrane reinforcement. Epithelial cells are unreactive
(star). ABC method, Harris’s hematoxylin counterstain. Bar � 12 �m.

Fig. 7. Mammary gland complex carcinoma; dog. Neoplastic duct with central necrosis. Fig. 7A. Calponin-immuno-
reactive cells include a basal layer of flattened myoepithelial cells (MEC; open arrow), fusiform cells (FMEC) above (thin
arrow) and FMEC below (thick arrows) the MEC. Fig. 7B. Cytokeratin 14–immunoreactive cells include a basal layer of
flattened MEC (open arrow) and FMEC above (thin arrow), but the FMEC below the MEC layer are unreactive. ABC
method, Harris’s hematoxylin counterstain. Bar � 25 �m.

Fig. 8. Mammary gland benign mixed tumor; dog. A nest of fusiform and stellate cells in abundant matrix (early



Vet Pathol 39:2, 2002 253Calponin in Canine Mammary Tumors

←

chondroid differentiation area). Calponin-immunoreactive cells include fusiform myoepithelial cells (FMEC; arrows) and
stellate myoepithelial cells (SMEC; arrowheads). In addition, a monolayer of spindle, flattened cells (open arrow) that
surrounds both the unreactive epithelial cells (star) and the early chondroid differentiation focus is also positive (myoepi-
thelial cell [MEC] type). ABC method, Harris’s hematoxylin counterstain. Bar � 12 �m.

tinuous band of spindle-shaped calponin-positive cells
(MEC).

Carcinosarcoma (n � 1). No immunoreactive cells
were found.

Discussion
Periacinar and periductal MEC of all the 49 normal

mammary glands were diffusely stained by the anti-
human calponin monoclonal antibody employed in this
study. In addition, calponin was found in 53 (98%) of
the tumors studied, reacting to the myoepithelium-like
cells of 86% of benign tumors and 85% of malignant
tumors. The immunoreactivity was observed in the hy-
pertrophic MEC of 78% of benign tumors and 83% of
malignant tumors; the FMEC of all complex adeno-
mas, 75% of benign mixed tumors, 74% of complex
carcinomas, and 77% of carcinomas in benign tumors;
the SMEC of 25% of complex adenomas, 75% of be-
nign mixed tumors, 74% of complex carcinomas, and
54% of carcinomas in benign tumors; the RMEC of
all benign mixed tumors and 54% of carcinomas in
benign tumors; and the chondroblasts of 50% of be-
nign mixed tumors and 31% of carcinomas in benign
tumors.
Normal and neoplastic myoepithelium have a com-

plex cytoskeletal immunophenotype. Because of its
dual epithelial and smooth muscle characteristics,
high-molecular-weight cytokeratins and smooth mus-
cle actins and muscle actin (clone HFF35) have been
used as markers of myoepithelium.9,13,16,22,33,35,37 In ad-
dition, unexpected proteins such as glial fibrillary acid-
ic protein and S100 protein have also been demon-
strated by immunohistochemical methods.9,13,22,37 How-
ever, expression of high-molecular-weight cytokeratins
has been found not only in MEC but also in luminal
cells and so-called intermediate cells.17,34 In addition,
several investigators have demonstrated the low sen-
sitivity of these cytokeratins as markers of MEC.37
Currently, the myofilament component of myoepithe-
lium is considered a more sensitive and specific target
for the identification of MEC in proliferative and neo-
plastic lesions of the breast.37
Calponin is a 34-k smooth muscle–specific protein

implicated in the regulation of smooth muscle con-
traction as a result of its ability to inhibit actin-acti-
vated MgATPase of smooth muscle myosin.5 As yet,
no analogues of calponin have been found in nonmus-
cle cells. Calponin is a highly sensitive marker of myo-

epithelial cells in human breast tissue, including breast
carcinomas,6,7 and appears to be a more specific mark-
er of MEC than muscle actin.36 It is considered a very
useful marker in differentiating benign and in situ le-
sions from invasive carcinoma of the breast.7,36 In ca-
nine tumors, the integrity of the MEC layer is high-
lighted by calponin immunostaining and allows differ-
entiation of in situ from microinvasive lesions.
The myoepithelial nature of the spindle-cell com-

ponent of complex and mixed tumors of the dog and
of the mesenchymal components of mixed tumors has
been analyzed by comparing the immunophenotype of
those tumor components with that of normal myoepi-
thelium, but results have been conflicting. Destexhe et
al.9 confirmed the MEC origin of interstitial spindle
and stellate cells by using antibodies to keratin 19,
vimentin, alpha-actin, and S100 protein as markers and
suggested a progressive transformation from resting
MEC to cartilage. Griffey et al.16 suggested that the
stromal proliferation and metaplasia that occur within
mixed mammary tumors could be derived from myo-
epithelium. This hypothesis was supported by their ob-
servation of the myoepithelium-specific 312C8-1 an-
tibody reactivity of some spindle cells within the pro-
liferative stroma in 10 of 12 mixed mammary tumors
studied.16 Other immunohistochemical results support
this hypothesis and provide evidence of a stem cell
origin with divergent differentiation based on the
coexpression of different antigens by myoepithelium-
like and connective tissue cells in canine mixed tu-
mors13,19 and human pleomorphic adenoma of the
breast.10 These antigens included cytokeratins, vimen-
tin, desmin, neurofilament, and alpha-actin. Earlier
electron microscopic and histochemical studies docu-
mented a transition of MEC to cartilage in canine be-
nign mixed mammary tumors.4,21,31,32 However, evalu-
ation with antibodies to keratins 14 and 17 and alpha
smooth actin revealed that tumors histomorphologi-
cally assumed to be of a myoepithelial origin did not
show the immunohistochemical features of MEC,33–35
suggesting that cartilage and/or bone formation in ca-
nine mammary tumors results from stromal metapla-
sia, as previously suggested.3,26
Our findings are in agreement with those of other

researchers9,16 and support the hypothesis of a pro-
gressive transformation from MEC to FMEC and
SMEC in canine complex mammary tumors and from
FMEC and SMEC to RMEC of early chondroid dif-
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Fig. 9. Mammary gland benign mixed tumor; dog. A
neoplastic duct (left) and a cartilaginous focus (right). Cal-
ponin-immunoreactive cells include a monolayer of myo-
epithelial cells (MEC; open arrow) around the unreactive
epithelial cells (star), fusiform MEC (FMEC; thick arrow),
and stellate MEC (SMEC; thin arrow) at the periphery of
the cartilaginous focus and rounded MEC (RMEC; arrow-
head) located at the most inner part of this focus. One un-
reactive chondroblast is seen at the low right corner. ABC
method, Harris’s hematoxylin counterstain. Bar � 12 �m.

Fig. 10. Mammary gland benign mixed tumor; dog.
Well-differentiated cartilage. Calponin-immunoreactive
products are observed within the cytoplasm of chondroblasts
either homogeneously (arrow) or as scarce dark dots (arrow-
heads) Unreactive chondroblasts are also present (open ar-
row). ABC method, Harris’s hematoxylin counterstain. Bar
� 12 �m.

Fig. 11. Mammary gland carcinoma in benign tumor;
dog. Two neoplastic ducts and intervening stroma are shown.
Calponin-immunoreactive cells include an isolated myoepi-
thelial cell (MEC) around one of the ducts (open arrow) and
an incomplete layer of hypertrophic MEC (HMEC) sur-
rounding the other duct (arrowheads). Neoplastic epithelial
cells (stars) are unreactive. ABC method, Harris’s hematox-
ylin counterstain. Bar � 12 �m.

ferentiation areas in canine mixed mammary tumors.
They also suggest a possible transformation from any
of these cell types to chondroblasts. Changes in the
composition of the extracellular matrix would accom-
pany this transformation. A diffuse accumulation of
chondroitin sulfate has been reported to be present al-
most exclusively in complex and mixed tumors of the
mammary gland of the dog.20 Because of the expres-
sion of the 3B3 epitope for chondroitin sulfate in im-
mature cartilage, the spindle cells of complex tumors
are thought to be precursors of the cartilage in mixed
tumors.20 The histogenetic role of MEC in pleomor-
phic adenoma of the human salivary glands has been
recently assessed by the demonstration of calponin in
the majority of more highly differentiated myoepithe-
lium-like cells and significant proportions of dediffer-
entiated modified (myxoid, chondroid, hyaline) and
transformed (solid epithelioid, squamous, basalioid-
cribiform) myoepithelia in a series of 65 pleomorphic
adenomas.29 Salivary and mammary glands share a
common embryologic origin, and similarities exist be-
tween canine complex and mixed tumors of the mam-
mary gland and the human pleomorphic adenoma of
the salivary glands. In the complex and mixed tumors
included in this study, we identified some of the cell
types described in the human tumor, including the
more highly differentiated myoepithelium-like cells
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and the myxoid and chondroid types of dedifferenti-
ated modified myoepithelium.
One disadvantage of calponin as a marker of MEC

is the fact that it also stains myofibroblasts. Myofibro-
blasts are cells with a partial smooth muscle pheno-
type,28 and they share with true smooth muscle cells a
contractile system composed of 50–70 A actin-con-
taining microfilament bundles.25,28 Therefore, antibod-
ies to smooth muscle–restricted proteins used as MEC
markers, such as antibodies to smooth muscle actins,
muscle actins, and to a lesser extent calponin and
smooth muscle myosin-heavy chain, also identify
myofibroblasts in the desmoplastic stroma of hu-
man,36,37 feline,30 and canine16,35 invasive carcinomas of
the mammary gland. In the present study, 25% of ma-
lignant tumors analyzed contained calponin-immuno-
reactive spindle cells located in the connective tissue
surrounding the tumoral growth or within it. Both lo-
cation and morphology of these cells clearly indicated
their myofibroblastic nature in the majority of these
tumors. In some other tumors, the staining of these
cells with calponin was problematic because some
cells were located close to the malignant tubules, cre-
ating a false impression of a MEC layer, as previously
observed by others.1,15,30 The absence of reactivity of
the calponin-positive stromal cells with the cytokeratin
14 monoclonal antibody, which recognizes basal/myo-
epithelial cells in normal, dysplastic, and tumorous
(benign and malignant) mammary gland tissues of the
dog,16 allowed their differentiation from MEC.
Calponin is a sensitive and specific marker of the

MEC layer of the normal mammary gland of the dog
and a sensitive marker of neoplastic myoepithelium.
Its identification in significant proportions of the spin-
dle-cell component of complex and mixed tumors and
variable proportions of RMEC and chondroblasts in
mixed tumors suggests a major histogenetic role of
MEC in both types of tumors. The only disadvantage
to calponin as a marker is the staining of myofibro-
blasts, as has been described previously in cats.30 In
the dog, myofibroblasts are uniformly stained by mus-
cle actin antibodies in malignant mammary tumors.9,33
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13 Gärtner F, Geraldes M, Cassali G, Rema A, Schmitt F:
DNA measurement and immunohistochemical character-
ization of epithelial and mesenchymal cells in canine
mixed mammary tumors: putative evidence for a com-
mon histogenesis. Vet J 158:39–47, 1999

14 Gimona M, Herzog M, Vancekerckhove J, Small JV:
Smooth muscle specific expression of calponin. Fed Eur
Biochem Soc Lett 274:159–162, 1990

15 Gottlied C, Raju U, Greenawald KA: Myoepithelial cells
in the differential diagnosis of complex benign and ma-
lignant breast lesions: an immunohistochemical study.
Mod Pathol 3:135–140, 1990

16 Griffey SM, Madewell BR, Dairkee SH, Hunt JE, Nay-
dan DK, Higgins RJ: Immunohistochemical reactivity of
basal and luminal epithelium-specific cytokeratin anti-
bodies within normal and neoplastic canine mammary
glands. Vet Pathol 30:155–161, 1993



256 Vet Pathol 39:2, 2002Espinosa de los Monteros, Millán, Ordás, Carrasco, Reymundo, and Martı́n de las Mulas

17 Guelstein VI, Tchypysgeva TA, Ermilova VD, Ljubimov
AV: Myoepithelial and basement membrane antigens in
benign and malignant human breast tumors. Int J Cancer
53:269–277, 1993

18 Hampe JF, Misdorp W: Tumours and dysplasias of the
mammary gland. Bull World Health Org 50:111–133,
1974

19 Hellmén E, Lindgren A: The expression of intermediate
filaments in canine mammary glands and their tumors.
Vet Pathol 26:420–428, 1989

20 Hinrichs U, Rutteman GR, Nederbragt H: Stroma accu-
mulation of chondroitin sulphate in mammary tumours
of dogs. Br J Cancer 80:1359–1365, 1999

21 Kaldrymidou E, Kanakoudis G, Tsangaris T, Karagian-
nopoulou M: Metaplastic stages of myoepithelial cells in
canine mammary mixed tumor. Bull Hell Vet Med Soc
37:156–169, 1986

22 Martı́n de las Mulas J, Espinosa de los Monteros A, Bau-
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