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HER-2/neu Protein Expression in Canine Mammary Adenocarcinoma
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In this study to evaluate the involvement of EGFR, HER-2/neu and ALCAM (CD166) oncogene prod-
ucts in canine mammary neoplastic lesions, sections of archived paraffin-embedded samples of 49
mammary tumors were analyzed immunohistochemically using antibodies against human EGFR and
HER-2/neu and ALCAM. These 49 tumors were divided into 2 groups: 22 benign (19 adenoma, 3 be-
nign mixed tumors) and 27 malignant tumors (2 simple adenocarcinomas, 5 complex ad-
enocarcinomas, 3 solid carcinoma, 5 sclerosing carcinoma, 8 malignant mixed tumors and 4 malignant
myoepithelioma). As a result of immunostaining, 31.8% (7/22) of the benign tumors and 29.6% (8/27)
of the malignant tumors expressed the HER-2/neu oncogene product, EGFR expression was detected
in 27.3% (6/22) of benign tumors and in 22.2% (6/27) of the malignant tumors. ALCAM expression
was detected in 40.9% (9/22) of benign tumors and in 7.4% (2/27) of the malignant tumors. These
results suggest that some of the biological and morphological characteristics of the tumor are asso-
ciated with canine mammary gland tumors, as also reported for human breast cancer, the possibility
of using anti-HER-2/neu antibodies in the treatment of canine mammary tumors.
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Introduction

The mammary gland is one of the most common sites of
tumor development in dogs and cats [30]. Approximately
50% of canine mammary tumors are malignant and the
most common malignant tumors are solid carcinomas and
adenocarcinomas [10]. Most tumors occur in dogs between
8 and 10 years of age. Mammary cancer occurs much less
frequently in cats than in dogs, but when it does occur it
is often malignant and difficult to treat. Mammary cancer
is likely to strike 1 in 4000 cats. While this is about half
the rate as in dogs, when cats develop mammary tumor it
is often fatal. Any adult female cat can develop mammary
cancer, but the median age is usually 10-14 years. Eighty-
five percent of mammary tumors in cats are malignant
adenocarcinomas. Other mammary tumors in cats include
duct papillomas, sarcomas and adenomas [30]. Recently,
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there has been considerable interest in the role of onco-
genes and tumor suppressor genes in the etiology and pro-
gression of many carcinomas, as studies on these genes
may provide useful information on the course of malig-
nant diseases and help with treatment selection [12,17].

A number of proto-oncogenes and oncogenes have been
investigated in breast cancer due to their relevant roles in
breast carcinogenesis, as well as for their prognostic value,
Proto-oncogenes are normal genes that are usually respon-
sible for the regulation of cell proliferation, but in mutated
type promote neoplastic transformation. c-erbB-2, c-RAS
are examples of some oncogenes involved in mammary
carcinogenesis.

In recent years, there has been a dramatic increase in
our understanding of the biology of cancer. An area that
has received considerable interest by both basic scientists
and clinicians is that of prognostic markers in breast
cancer. The HER-2/neu oncogene (also called c-erbB-2) has
generated excitement and many publications because it is
one of the first examples in breast cancer in which molec-



ular biology has been applied clinically [27,28].

HER-2/neu overexpression has been detected in several
solid tumor malignancies, but research has focused partic-
ularly on its role in breast cancer because of the high prev-
alence of the disease [22]. Slamon et al [29] first described
the observation of HER-2/neu oncogene amplification in
human breast cancer. A number of studies have now con-
firmed that the HER-2/neu oncogene is either amplified or
its product overexpressed in 10% to 40% of primary hu-
man breast cancers [2,29].

The demonstration of a high frequency of c-erbB-2 over-
expression in in situ ductal carcinomas of the breast sug-
gests that it could be an early event in breast carcino-
genesis in humans [5,23], c-erbB-2 overexpression has also
been detected in canine mammary gland tumors [24].

Epidermal growth factor receptor (EGFR) is the ex-
pression product of oncogene c-erbB-1. It plays an im-
portant role in growth and differentiation of tumor cells
and it improves growth and metastasis of tumor [31]. The
is a 170 kDa cell surface transmembrane receptor with ty-
rosine kinase activity [15], which has a number of ligands
including epidermal growth factor (EGF) and transforming
growth factoralpha (TGF-a).

Epidermal growth factor receptor (EGFR) is expressed in
all epithelial and many normal mesenchymal cells and has
a wide range of function. In resting, non-transformed cells
EGFR signaling is tightly controlled. In tumors, oncogenic
activation of this pathway occurs as a result of mutation,
overexpression, structural arrangements, and release from
its normal monomer. Stimulation of EGFR pathway leads
to enhancement of cellular proliferation, up-regulated ex-
pression of vascular endothelial growth factors, prevention
of apoptosis, and invasion. Many different types of carci-
noma have been shown to express EGFR including renal
cell [26], and breast [14]. Studies have shown that tumor
EGFR expression is an indicator of poor prognosis, de-
creased survival, and increased metastases in several tu-
mor types [25]. The significance of tumor EGFR expression
in regard to EGFR inhibitor therapy remains to be
determined.

Activated leukocyte cell adhesion molecule (ALCAM) is
a glycoprotein of the immunoglobulin super-family.
ALCAM has been identified in multiple species and has
different names depending on the species and laboratory
that described it: human melanoma metastasis clone D [9],
mouse/human CD166 [6]. ALCAM has been shown to be
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involved in capillary tube formation [21] and in vessel in-
vasion into cartilage in vitro [4].

In this study, we were to examine and evaluate the in-
volvement of HER-2/neu, EGFR and ALCAM in canine
spontaneous mammary gland adenocarcinoma.

Materials and Methods

Case selection

Tissue biopsy specimens of 49 canine mammary gland
tumors taken during the period 2002 and 2005 were col-
lected from the archives of the department of veterinary
pathology, university of kyungpook national, Korea.
Clinical history data, including the dog’s ages, tumor sizes
and the clinical stages accessible according to the staging
system of rosen and oberman were recorded [25].
Histopathologic examination, diagnosis and tumor classi-
fication were carried out according to the World Health
Organization criteria for histologic typing of canine mam-
mary tumors.

Histopathology and immunohistochemistry

Mammary tumor tissues were fixed immediately in 10%
neutral buffered formalin for light microscopy, processed
routinely and embedded in paraffin. Sections were cut to
4 um in thickness. The sections were stained with hema-
toxylin and eosin (H&E). For immunohistochemistry, sec-
tions of mammary tumor tissue were deparaffinized in xy-
lene, rehydrated in graded alcohol series, incubated in a
solution of 3% hydrogen peroxide in methanol for 30 mi-
nutes and microwaved at 750 W for 10 minutes in 10
mmol/L citrate buffer, pH 6.0. Tissue sections were wash-
ed with phosphate-buffered saline (PBS), and then im-
munostained with primary antibody. The primary anti-
bodies used were monoclonal antibody HER-2/neu (Clone
CB11, BioGenex, San Ramon, CA), EGFR (Santa Cruz
Biotechnology, Inc., California, USA), ALCAM (Novocastra
Laboratories Ltd., Newcastle-upon-Tyne, UK) respectively.
The antigen-antibody complex was visualized by an avi-
din-biotin-peroxidase complex (ABC) solution using an
ABC kit (Vector Laboratories, Burlingame, CA, USA) with
3,3-diaminobenzidine (Zymed Laboratories Inc, San
Francisco, CA, USA). Mammary tumor tissue sections were
then rinsed in distilled water and counterstained with
Mayer’s hematoxylin. The primary antibodies used were:
monoclonal antibody HER-2/neu at a dilution of 1:100,
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Table 1. Immunohistochemical evaluation

Assessment of HER-2/neu

Score . . Localization
protein overexpression
0 Negative No staining is observed, or membrane staining in less than 10% of the tumor cells
. A faint barely perceptive membrane staining is detected in more than 10% of the
1+ Negative . .
tumor cells. The cells are only stained in part of membrane
s A weak to moderate complete membrane staining. Staining is observed in 10% of the
2+ Positive
tumor cells
3+ Positive A strong complete membrane staining is observed in more than 10% of the tumor cells

EGFR at a dilution of 1:300, mouse monoclonal antibody

ALCAM at a dilution -of 1:50. For negative control, the pri-

mary antibody was replaced by phosphate-buffered saline.

Immunohistochemical evaluation
Immunohistochemical evaluation are shown in Table 1.

Results

Forty-nine canine mammary tumors were divided into 2
group comprising 22 benign mammary lesions and 27 ma-
lignant tumors. The mean ages of 49 dogs were 8.58
(range, 2 to 15) years. The mean ages at diagnosis of the
benign and malignant groups were 829 (range, 3 to 14)
years and 8.81 (range, 2 to 15) years, respectively. The clin-
ical data are summarized in Table 2.

The histological classifications of the 22 benign mam-
mary tumors were 19 adenomas, 3 benign mixed tumors.
The 27 malignant tumors were categorized as 15 ad-
enocarcinomas which were subdivided into 2 simple papil-
lary types, 5 complex types, 3 solid carcinoma and 5 scle-
rosing carcinoma, 8 malignant mixed tumors and 4 malig-
nant myoepithelioma. The histological data are presented
in Table 3.

The immunohistochemical results are summarized in
Table 4. Positive HER-2/neu oncogene immunoreactivity
was observed in 30.6% (15/49) of the mammary tumors
examined. This cell membrane staining pattern was ob-

served exclusively in neoplastic cells, and positive staining

Table 2. Clinical features of 49 canine mammary tumors

Benign tumor
(total 22 cases)

3~14 (mean=8.29)

Malignant tumor
(total 27 cases)

2~15 (mean=8.81)

Age (years)

2~15 (mean=8.58)
<10 years old
>10 years old

14/22 (63.6%)
8/22 (36.4%)

13/27 (48.1%)
14/27 (51.9%)

Table 3. Histological typing of 49 canine mammary tumors

Mammary tumor Number of case

Benign tumor 22 (44.9%)
Adenoma 19 (38.8%)
Benign mixed tumor 3 (6.1%)

Malignant tumor 27 (55.1%)
Adenocarcinoma 7 (14.3%)
Solid carcinoma 3 (6.1 %)
Sclerosing carcinoma 5 (10.2%)
Malignant mixed tumor 8 (16.3%)
Malignant myoepithelioma 4 (8.2%)

TOTAL 49

Table 4. Expression of HER-2/neu, EGFR and ALCAM de-
tected by immunohistochemistry

Percentage of positive cases -

Mammary tumor (numbers)

HER-2/neu EGFR ALCAM
72 6/2 92

Benign tumor (3L8%)  (27.3%) (409%)
5 4 7

Adenoma (102%)  (82%)  (14.2%)
o 2 2 2

Benign mixed tumor (4.1%) @1%)  (41%)

. 8/27  6/27  2/27

Malignant tumor (29.6%)  (222%)  (7.4%)
Ad inom: 5 > !

enocarcinoma (102%)  (102%)  (2.0%)
Solid carcinoma - -- --
Sclerosing carcinoma - - -
Malignant mixed tu 3 ! !

Atgnalll e MmOt (61%)  (20%)  (2.0%)

Malignant myoepithelioma - - --

in most cases was distributed uniformly throughout the
neoplastic cell population, although the immunostaining
intensities of cells of individual tumors showed variations.
31.8% (7/22) (5 adenomas and 2 benign mixed tumors) of
the benign group showed positive immunostaining (Fig. 1),



Fig. 1. Mammary gland adenocarcinoma and mammary gland
adenoma; dog. a. H&E staining of mammary gland ad-
enocarcinoma (x132); b. Immunohistochemistry of an
adenocarcinoma. The neoplastic cell membranes are out-
lined by a distinct HER-2/neu immunostaining pattern.
(ABC method, counterstained with Mayer’s hematox-
ylin, x132); ¢. H&E staining of mammary gland adenoma
(x132); d. Immunohistochemistry of an adenoma with
HER-2/neu expression. There is intense immunor-
eactivity at the cytoplasmic membrane of neoplastic cells.
(ABC method, counterstained with Mayer's hematox-
ylin, x132)

whereas only 29.6% (8/27) of the malignant tumors, 5 of
which were adenocarcinomas (Fig. 1), were positive.

Expression of the EGFR was detected in 24.5% (12/49)
of the mammary tumors. Immunoreactivity was invariably
in the cytoplasm and its intensity was variable. Six cases
(4 adenoma and 2 benign mixed tumors) of the 22 (27.3%)
benign tumors were EGFR positive (Fig. 2). Expression of
EGFR was observed in 22.2% (6/27) of the malignant tu-
mors with 5 adenocarcinomas (Fig. 2) and one malignant
mixed tumors almost fulfilling the criterion for EGFR
positive.

Expression of the ALCAM was detected in 22.4% (11/49)
of the mammary tumors. Immunoreactivity was invariably
in the cytoplasm and its intensity was variable. 9 (7 ad-
enoma and 2 benign mixed tumor) of 22 (40.9%) of benign
tumors showed positive ALCAM immunostaining and 2 (1
malignant mixed tumors and 1 adenocarcinoma) of 27
(7.4%) of malignant tumors expressed ALCAM (Fig. 3).

Discussion

The incidence of canine mammary tumors generally
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Fig. 2. Mammary gland adenocarcinoma and mammary gland
benign tumor; dog. e. H&E staining of mammary gland
adenocarcinoma (x132); f. Immunohistochemistry of an
adenocarcinoma. There is nuclear of neoplastic cell are
by a distinct EGFR immunostining pattern. (ABC meth-
od, counterstained with Mayer’s hematoxylin, x132); g.
H&E staining of mammary gland benign tumor. (x132);
h. Immunohistochemistry of a mammary gland benign
tumor. with EGFR expression. There is intense im-
munoreactivity at the nuclear of neoplastic cells. (ABC
method, counterstained with Mayer’s hematoxylin,
x132)

Fig. 3. Mammary gland adenoma; dog. i. H&E staining of mam-
mary gland adenoma (x132); j. Immunohistochemistry of
an adenoma. The neoplastic cell membranes are outlined
by a distinct ALCAM immunostining pattern. (ABC
method, counterstained with Mayer’s hematoxylin,
x132)

increases with age and such tumors occur rarely in dogs
less than 2 years old [2]. The average age was 8.53 years
ranging from 2 to 21 years at the time of tumor excision,
and the results were comparable to those reported pre-
viously in the dogs we studied [7]. Although the lack of
sensitivity occurred through high background staining or
no cell membrane immunoreactivity, this could be due to
differences in fixation, the time lapse from excision to fix-

ation, the actual time that the tissue is in a fixative or in
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the immunohistochemical detection system.

Nakopoulou et al [19]. demonstrated that c-erbB-2 mem-
brane staining of breast cancers was due generally to onco-
gene amplification, although gene amplification does not
seem to be the only underlying genetic alteration respon-
sible for c-erbB-2 overexpression. These results suggest that
c-erbB-2 expression may be activated during the initial step
of canine mammary tumor development, playing a role in
malignant tumor development and that the c-erbB-2 ex-
pression status may be a useful prognostic indicator in
dogs with mammary tumors [1].

Epidermal growth factor (EGF) is a low molecular
weight polypeptide that elicits mitogenic and nonmitogenic
responses in a variety of cell types. A specific membrane
receptor for EGF has been identified and purified. The re-
ceptor is a 170 kDa glycoprotein having a single polypep-
tide chain, In addition to a binding site for EGF, the re-
ceptor has intrinsic protein kinase activity that is tyrosine
specific and activated by the binding of EGF. The protein
kinase characteristics of the EGFR are similar to properties
of protein kianse activities possessed by receptors for other
hormones that modulate cell growth, such as PDGF and
insulin, and certain viral transforming proteins that are al-
so membrane localized. Using immunoistochemistry Moller
et al [18] showed EGFR expression in ductal, lobular, and
myoepithelial cells, but only occasionally in stroma cells.
EGER is incidence of positivity ranges frequently 30~40%
[20] for immunohistochemistry. For the EGFR gene has
been a great difference found between the incidence of
gene amplification (0~14%) [16] relative to protein ex-
pression, in contrast to HER-2/neu in which there is a pos-
itive correlation amplification. Amplification of the
HER-2/neu gene has been described in approximately 20%
of breast tumors (range 8~64%) [11].

Activated leukocyte cell adhesion molecule (ALCAM/
CD166) could function as a cell surface sensor for cell den-
sity, controlling the transition between local cell proliferation
and tissue invasion in melanoma progression. This study is

the first to focus on ALCAM expression and its prognostic.

value in breast carcinoma. Possibilities for this discrepancy
may rest with different epithelial/tumor cell content in dif-
ferent tumors and the possible contribution from infiltrating
immune cells. Hematopoietic stem cells and activated T lym-
phocytes express ALCAM [32]. Only two types of cancer
have been previously evaluated for ALCAM-melanoma and
prostate cancer. With melanoma there was increased stain-

ing for ALCAM during the vertical growth phase of the tu-
mor [32]. Immunohistochemical analysis showed that
ALCAM up-regulation was found in most low-grade tu-
mors, where as down-regulation occurred preferentially in
high-grade tumors, although up-regulation of ALCAM ex-
pression was preserved in two Gleason grade 5 tumors [13].

In this study, we showed positive correlations between
biology (HER-2/neu, EGFR and ALCAM) and morphology
in canine mammary gland tumors. These results indicate
that the morphology and biology of canine mammary ma-
lignant tumors are closely linked, just as in human breast
cancer. ALCAM is a glycoprotein that is involved with cel-
lular adhesion, proliferation, and tumor progression. In
mammary carcinoma, decreased ALCAM transcripts in the
primary tumors correlate with nodal involvement, higher
grade tumors important. The expression of immunor-
eactive HER-2/neu, EGFR, and ALCAM in canine mam-
mary tumors could be an important factor in canine mam-
mary carcinogenesis.

In conclusion, the immunohistochemical of EGFR,
c-erbB-2 and ALCAM protein showed a concordance
among the canine mammary gland tumor cases.
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