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In the present study, we tried to evaluate the existence of a relationship between CA
15-3 serum levels and mammary tumors in dogs correlated with
heamatobiochemical and histopathological pictures. Blood and tissue samples were
obtained from 31 mammary tumors bearing dogs, in addition to 5 apparently healthy
dogs. The results revealed that the values of CA15-3 in healthy dogs were lower
than in human, equal to > lu/ml but in mammary tumors bearing dogs rose to 7~
7.7 u/ml. No relationship between tumor markers (CA15-3), tumor size, presence of
ulceration or histopathological type of tumor were found. Microcytic hypochromic
anemia and sometimes leukocytosis especially neutrophilia were present with
tumors. Unfortunately, the serum values of CA15-3 rose to 17 u/ml in animals
suffering from other diseases. Pathological picture of the tumors showed that
malignant cancers were of the highest percentage than benign tumours and revealed
several different types of malignant cancers. Mixed and complex carcinoma were
the most prominent types of mammary gland tumors of dogs. Immunohistochemical
staining of estrogen receptors (ER) and progesterone receptors (PR) in canine
mammary gland tumors showed benign fibrocystic disease positive for ER and PR.
Tubulopapillary carcinoma was positive for (ER) and (PR). Anaplastic giant
carcinoma was positive for (PR) and negative for (ER). Mucinous carcinoma was
positive for (ER) negative for (PR). Complex carcinoma showed very weak positive
staining for (ER) negative (PR). Mixed Carcinoma was negative for both (PR) and
(ER).
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and Biochemistry.

INTRODUCTION

Although veterinary practice need advances in
biomedical research in their own right, the
consideration of companion animals as good
comparative models for human disease saw the
emergence of the “one medicine” concept. The
concept of “one medicine” rests on the translation
between human and veterinary medicine in both
directions (Breen, 2009 and Rivera, 2010). The
domestic dog has emerged as an ideal model for gene
mapping of human complex diseases, as it has a
spectrum of diseases similar to that in man and also
an advantageous population structure (Sutter and
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Ostrander, 2004; Sutter et al., 2007; Karlsson and
Lindblad- Toh, 2008).

It is estimated that one of four dogs greater than 2
years of age dies of cancer (Rivera, 2010). In some
animal cancers, there also appears to be the same
genetic changes associated as in humans (Matharoo-
Ball et al., 2008).

In human breast cancer and other malignancies,
serum tumor markers play an important role in patient
management (Seker et al., 2003 and Molina et al.,
2005). Tumor cells display protein molecules on their
surfaces, called tumor-associated antigens and may be
present in higher concentration than usual in other
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tissues, serum, urine or body fluids of patients with
cancer. Thus, the elevation of these markers may be
helpful in early diagnosis, determining prognosis
following a course of treatment, predicting the
response or resistance to specific therapies and
surveillance after primary surgery (Duffy et al., 2004
and Al-Azawi et al., 2006).

Carbohydrate antigen (CA) 15-3 is a large
transmembrane glycosylated molecule aberrantly
overexpressed in many adenocarcinomas in an
underglycosylated form and then shed into the
circulation (Hayes et al., 1985 and Perey et al., 1992).

Itoh et al. (2009) reported that tumor-bearing dogs
had higher leukocytic counts than normal dogs
increased as the tumors became more advanced.

It thought that the complete blood cell count can
provide valuable diagnostic and prognostic
information when coupled with a thorough physical
examination. However, little work has been carried
out in cancer biomarker identification in animals. The
recent dramatic advances in molecular medicine,
genomics, proteomics and translational research will
allow biomarker identification which may provide the
best strategies for veterinarians and clinicians to
combat disease by early diagnosis and administration
of effective treatments.

Mammary tumors are the most prevalent neoplasms
in female dogs (Lana et al., 2007). According to the
histological diagnosis, canine mammary tumors
(CMT) are heterogeneous in their pathological
features and clinical behavior (Nieto et al., 2000).

There are some recognized, well-accepted prognostic
factors of malignant mammary tumors in dogs, such
as tumor size, lymph node status, distant metastasis,
histologic type, histologic malignancy grade, degree
of nuclear differentiation and proliferative activity
(Misdorp et al., 1999; Misdorp, 2002 and Martin
et al., 2005).

Immunohistochemical method is a procedure to
visualize and differentiate between tissue components
using antigen-antibody complex basis. Tonitil et al.
(2009) reported the correlation between steroid
receptors, estrogen receptor and progesterone
receptor, and canine mammary gland tumors. ER and
PR expression in breast epithelial cells is considered a
marker for risk of developing breast cancer and for
preventive intervention (Fabian et al., 2005, Ferretti
et al., 2007). Estrogen receptors (ER) are expressed
by more than 50% of canine mammary gland tumors
(Martin et al., 2005; Yang et al., 2006 and Lana et al.,
2007). (This technique provides valuable information
in terms of the location and the determination of
tumor type), Immunohistochemical techniques have
critical role to distinguish these cells and may allow
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accurate diagnosis of canine mammary tumors,
however, this method cannot detect the early stage of
canine mammary tumour (Bergman, 2003 and Gama
et al., 2003).

Therefore, this study aimed to evaluate serum values
of CA 15-3 mammary tumor marker in normal
healthy, diseased non tumor bearing, and tumor
bearing dogs in local reared mixed breeds of dogs in
Egypt correlated with expression of ER, and PR, in

neoplasm by immunohistochemistry with
hematological, biochemical abnormalities and
histopathology, record the incidence, criteria of

malignancy and differentiate the simple tumor from
the complex or mixed tumor of canine mammary
gland carcinoma.

MATERIALS and METHOD

1. Animals:

Dogs in our study were mixed breeds German
shepherd, Griffin dog, and Rott-Weiller, aged 3 —10
years old. The non tumor bearing dogs were
apparently healthy and in good healthy condition
without any complain from their owners. The samples
were collected after the owners permissions during
dogs routine chick up tests. Most of the tumors
bearing dogs were brought to the clinic in a late stage.

2. Methods:

Blood and serum samples were collected from 30
female dogs bearing nodules on the site of mammary
gland. Additional 5 samples were collected from
healthy female dogs and did not show any mammary
lesions during routine check-up (after the permission
of the dogs’ owners).

The blood samples were collected on EDTA as
anticoagulant and used immediately to measure
erythrocytic count (RBCs) using improved Neubauer
Haemocytometer and Gower,s fluid as a diluting fluid
according to Feldman et al. (2000). Total leukocytic
count (WBCs) were done using improved Neubauer
Haemocytometer with turkey's solution according to
Jain  (1993). PCV% was determined by using
microhematocrite centrifuge and capillary tubes
method according to Thrall et al. (2004). The blood
hemoglobin was estimated using the
cyanomethemoglobin colorimetric technique
according to VanKampan and Zijlistra, (1961). The
values of Mean Corpuscular Volume (MCV), Mean
Corpuscular Hemoglobin (MCH) were calculated by
standard formula according to Dacie and Lewis,
(1977). The prepared fixed thin blood films were
stained with Giemsa stain. The film then examined
for morphological changes in RBCs and WBCs
according to Thrall et al. (2004). The percentage
values of differential leukocytic count were then
calculated according to Jain, (1993).
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Another blood samples were collected without
anticoagulant to obtain serum.The serum were either
used immediately or kept frozen until used for
measurement of Serum aspartate aminotransferase
(AST), Serum Alanin aminotransferase (ALT)
activities determined according to Reitman and
Frankels, (1957). Serum urea level was determined
using kits provided by bioMerieux according to
Patton and Crouch (1977). Serum creatinine was
determined using Kkits provided by bioMerieux
according to Husdant and Rapaport (1958) Serum
total protein were determined according to Doumas
et al. (1981), albumin was determined according to
Doumas et al. (1971). CA 15-3 levels were
determined by the use of the monoclonal antibodies
115D8 and DF3 in a sandwich assay using Cobas®
CA15-3 1l and a kit for human diagnostic oncology
(Fujirebio  Diagnostics®) according to the
manufacturer's protocol. Values were expressed as
Units/ml (U/ml). We used commercially available
kits for human medicine. These markers are not
currently available in veterinary medicine. 31 tissue
samples were obtained from female dogs with solitary
and multiple nodules sumitted simultaneously with
other site of body during surgery in veterinary clinics.

3. Histopathological Examination:

Surgical specimens of canine mammary tissue were
submitted to the Department of pathology, animal
health research institute of Alexandria, from 2012 to
2014 for diagnostic purposes. The majority of
specimens were from animals surgically treated at Pet
Department Alexandria directorate of Veterinary
Medicine or Clinics of the private practices. 31
tissues specimens were fixed in 10% buffered
formalin, routinely processeced Samples were then
embedded in paraffin wax and 5 um sections were
prepared and stained with hematoxylin and eosin
(Bancroft et al., 1996).

4. Immunohistochemistry:

Tumor sections were processed according to standard
protocols at general health research institute in
Alexandria using thermo fisher scientific (Ultravision
Large volume detection system; Anti-polyvalent,
(HRP). Tissue sections were deparaffinized,
rehydrated and to reduce nonspecific background
staining due to endogenous peroxidae were incubated
in hydrogen peroxide for 10-15 minutes and then
washed by phosphate buffer salin. Ultra V Block was
applied and incubates for 5minutes at room
temperature to block non specific background
staining. Primaries antibody were applied and
incubated according to manufacture protocol, after
washing 4 times in buffer Biotinylated goat Anti-
polyvalent were applied and incubated for 10 minutes
at room temperature and then washed 4 times in
buffer. Sterptavidin peroxidae and incubate for 10
minutes at room temperature and rinse 4 times in
buffer.  Incubated with  peroxidae-compatible
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chromogen of choice according to manufacturers
recommendations. Slides were counterstained with
Harris haematoxylin, Different fields were observed
and immunopositive reactions were demonstrated by
the presence of brown nuclear staining.

5- Statistical analysis:

The statistical analysis of measured values was
performed according to the one-way ANOVA
variance test. The differences were considered to be
statistically significant at P<0.05 Data were analyzed
by computer using SPSS version 16.0 for windows.
(Statistical Package for the Social Sciences Inc,
Chicago, Illinois).

RESULTS

1. CA 15-3 marker in serum:

The results of CA15-3 tumor marker values (table 1)
revealed that, the apparently health non-tumor
bearing dogs were > 1 U/ml. The mean value = SD of
CA 15-3 tumor marker in tumor bearing dogs was 7.2
U/ml £0.18. In seventy seven percent of the cases the
CA15-3 value was 7.1 U/mL, in 16.1% was 7.5 U/mL
and in 3.2% of the cases were 7.7 U/mL.

The value of CA 15-3 tumor marker in non tumor
bearing dog with other disease condition were 17 and
8 U/ml.

2. Heamatological and biochemical examinations:
The results of hematological and biochemical
examinations as demonstrated in table (2) revealed
microcytic hypochromic anaemia(phtola) to be

present in the most of the cases. RBCs characterized
by poikilocytosis and anisocytosis (photo. 1), beside
leukocytosis were detected in some cases, especially
neutrophilia. All 31 cases had normal levels of AST,
ALT, urea and creatinine.

. e,

Photo 1 :(a) Tumor bearing dog of (Griffin 10 years)
showing microcytic hypochromic anemia,
anisocytosis and pikilocytsis. Giemsa stain X1000

-



3. Results of non tumor bearing dog with other
disease conditions:

The results of hematological and biochemical
examination of tumor bearing dogs table (3) revealed
presence of heamolytic anemia (photo 1b) in Black
pit-bull dog (50 days old). Presence of hemolysis in
serum interfered. The measurements of serm AST,
ALT, urea and creatinine.
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AST(72 ull)), ALT(95 u/l ) marked hypoprotenemia
and hypo-albumenemia this was indicated by
decreased serum total protein (4.5g/dl), serum
albumin (2.8g/dl), and albumin globulin ratio (1.6 ).

Serum urea and serum creatinin levels were within
normal range (15.3mg/dl) and (0.54mg/dl)
respectively. So, we thought may be liver problem.

The German shepherd dogs showed macrocytic
anemia, in addition to increased serum levels of

Table 1: The results (Values are mean +SD) of CA15-3 tumor marker values. The mean differences are
significant at 0.05 level:

Parameter Healthy dogs tumor bearing dogs non tumor bearing dog
with other disease
condition
CA15-3 U/ml =1 7.2 +0.18% 8-17

A p< 0.05 tumor bearing dogs compared with Healthy dogs

Table 2: The results (Values are mean +SD) of hematological and biochemical examinations. The mean
differences are significant at 0.05 level.

Parameters tumor bearing dogs (the mean Healthy dogs(the mean values + SD)
values £ SD)
RBCs count/10%/pl 46+0.3" 6.9+0.9
Hb/ g/dI 9.6 +0.3" 16.2+1.3
PCV% 29.9%z+ 1.8% 45.58%:+3.9
MCV/ fl 64.9 fl+ 4.9 66.4+3.5
MCHY/ pg 20.9 pgl.5 23.71.9
WABCs count 10%/ pl 15.000-30.000/ pl 9.960 £ 7.6
S.GOT u/l 26.8+6.9 22.8+2.4
S.GPT u/l 34.75+6.8 28.8+3.6
Urea mg/dI 19.02+3.8 18.37+4.3
Creatinine mg/dl 0.6+ 0.18 0.56+0.1

A p< 0.05 tumor bearing dogs compared with Healthy dogs

Table 3: The results of hematological and biochemical examinations of non tumor bearing dog with other
disease condition.

Parameters black pitbull 50 days German shepherd 3years
RBCs count/10%pl 2.9 4

Hb/ g/dI 53 9

PCV% 15.6 35

MCV/ fl 52.8 87.5
MCH/ pg 17.8 22.5
WBCs count/ pl 17000, lymphocytosis 14000
S.GOT u/l 10 u/l 72 ull
S.GPT u/l 12 u/l 95 u/l
Urea mg/dl 29 mg/dI 15.3mg/dI
Creatinine mg/dl 0.92 mg/dI 0.54mg/dl
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Table 4: The results scoring type of tumor, number, age, breed of animal, cell of origin, percent of incidence and
tumor marker value U/ml in canine mammary tumouir.

Type of tumor No Age Breed Cell of origin % Tumor
marker
U/mi
Solid tubular ductal epithelial cells
carcinoma 4 3-10years  Griffin 129% 7.1
Tubulopapill-ary Lobular ducts
carcinoma 3 4-7 years Griffin epithelial cells 97 % 70
Anaplastic giant
cell carcinoma 4 3- 10years Germen Undifferentiate cells  129% 7.1
shepherd
Mucinous connective tissue,
carcinoma 1 5 years Rot willer myoepithelial cells 3.2 0 71
Mixed mammary
carcinoma 12 3-10years  Griffin mesenchymal, 387% 7.1
myoepithelial cells
Complex myoepithelial, tubular
Carcinoma 5 5-7 years German epithelial cells 161% 75
shepher

phyllodes tumor cellular stroma, gland

1 3years Rotwiller  cPithelial cells 320 771
Fibrocystic fibrous stroma,
disease 1 3 years pit ball epithelial cells 320

4-Pathological examination:

A-Gross pathology:

The mean diameter of nodules ranged from 5 to
15cm. Skin ulceration associated with the nodules in
some cases. Most of mammary gland tumors were
observed in the caudal pair of glands.

Tubulopapillary mammary carcinoma of Griffin 6
years dog (Photo. 2a) showed solid firm mass
irregular shape which looked from gray to-whitish in
color (Photo. 2b) cross section tumor revealed the
lobular formation (Photo. 2c).

Phyllodes tumor of female Rot- willer age 3 years
showing orange size overlaying the thicked skin at
the level of the nipple (Photo. 3a) during
mastectomy (Photo. 2b). Tumor was round in shape,
firm in consistency (Photo 3c) cross section showed
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blackish greenish colure, lobular pattern delineated.
(Photo. 3d).

Mixed mammary carcinoma of Griffin 10 years
showed mass adjacent to the nipple was concealed
by the dense hair coat overlying epidermal ulceration
(Photo. 4a) Well-circumscribed large mass (Phot.
4b&c) in cut section showing the center of the
neoplasm was hard in consistency with osseous
texture (Photo.4d).

Complex Carcinoma of German shepherd 7years dog
(Photo.5a). The tumour showed very hard rounded
mass contain cleft-like space (Photo.5b). Tumor
showing extensive hemorrhage inside the tumoure
mass (Photo. 5¢) multiple nodules invaded in the
inguinal lymph node (Photo. 5d).
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Photo 2: Tubulopapillary mammary carcinoma of Griffin 6 years dog (a) during mastectomy (b) Tumor showing
solid firm mass irregular shape which looked from gray to-whitish in color.(c) Cross section of tumor revealing
appearance of lobular formation.

Photo 3: Phyllodes tumor of female Rot- willer age 3 years Showing (a) orange size overlaying the thicked

skin at the level of the nipple (b) during mastectomy (b) Tumor was round in shape, firm in consistency (c) A
cross section in Phyllodes tumor showed blackish greenish colure, lobular pattern delineated by fibrous septa.

.} 7

Photo 4: Mixed Amam'r'n'ary carcinoma of Griffin 10 years showing (a) The mass adjacent to the nipple was
concealed by the dense hair coat overlying epidermal ulceration (b&c) Well-circumscribed large mass (d) in cut
section showing the center of the neoplasm was hard in consistency with osseous texture.

Photo 5: Complex Carcinoma of German shepherd 7 years dog (a) during mastectomy (b) the tumour showing
very hard rounded mass contain cleft-like space (c) Tumor showing extensive hemorrhage inside the tumor mass
(d) multiple nodules invaded in the inguinal lymph node.
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B-Histopathological findings:

1-Solid tubular carcinoma of 10 years griffin dog
the mammary gland showed presence of abundant
tubular structures separated by fibrous stroma
(Fig.1a). The neoplastic cells infiltrated into the
surrounding mammary tissue (Fig.1lb). Cytoplasmic
vacuolation, granular eosinophilic granules in
cytoplasm. The tubules showed double layer cells.
The cells were variable in shape, the nuclei were
hypochromatic, normochromatic or hyperchromatic
nucleoi were large single on small multiple (Fig. 1c).
The intertubular stroma was infiltrated by plasma
cells and lymphocytes (Fig.1d).

2- Tubulopapillary carcinoma of 6 years griffin
dog mammary gland showed finger-like projections
of ductal epithelial cells, the papillae were supported
by fibrovascular connective tissue tumoure (Fig.2a).
The tubulopapillary were extend into tubular lumina
with clear center (Fig.2a). Neoplastic cells vary from
columnar to polygonal with variable numbers of
mitoses (Fig.2b). Tubulocarcinoma (Cribriform
appearance), neoplastic epithelial cells forming a
sieve like arrangement, Proliferation of a population
of neoplastic epithelial cells forming a sieve like
arrangement ,tumor cells surrounded by lymphocytic
infiltration (Fig.2c). Moderate Nuclear and cellular
pleomorphism (Fig.2d), mammary gland cells
invaded through muscle bundle (Fig.2e). Dilated
ducts filled by atypical cells necrosis within the
center of the neoplastic cell (Fig.2f).

3-Anaplastic giant cell carcinoma of 8 years dog
German shepherd mammary gland showed diffuse
invasion of interlobular connective tissue by the
undifferentiated neoplastic cells (Fig.3a), Invasive
pleomorphic lobular mammary gland carcinoma
cells with unusual shapes and variable sizes
hyperchromatic pleomorphic nuclei (Fig. 3b) which
may be accompanied by an infiltrate of lymphocytes
(Fig. 3c). Neoplastic cells were individualized or
grouped in small nests (Fig.3d). Cellular and nuclear
atypia arranged predominantly in a haphazard
fashion, Nuclei were rounded to oval, occasionally
with coarsely chromatin (Fig. 3e). Multinucleated
cells bizarre giant cells (Fig.3f).

4- Mucinous carcinoma of 9 years Rot willer dog
mammary gland showed Malignant Myoepithelioma,
oval to spindle shaped cells (Fig.4a), 'islands' of
malignant cells with intracytoplasmic clear vacuoles
and the cells had poorly demarcated cell borders
(Fig.4b). Clusters of tumor cells floating in
extracellular mucin lakes. (Fig.4c). Ducts showed
hyperplastic wall with cystic formation, Proliferation
of a multilayered stratified epithelial cells
surrounded by cellular fibrous stroma (Fig.4d).

Marked dilated cystic tubule supported by
fibrovascular connective tissue, cystic lumina
contain malignant cells (Fig.4e) criteria of
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malignancy such as a higher nuclear cytoplasmic
ratio, nuclear and cellular polymorphism (Fig.f).

5-Mixed mammary carcinoma of 10 years griffin
dog showed proliferated epithelial cells with loss of
gland architecture (Fig.5a). The myoepithelial cells
were running in various directions surrounded by
glandular components (Fig. 5a). Lipid-rich
carcinoma, the nuclei are at the periphery of the cell
with a single large lipid vacuole within the
cytoplasm (Fig.5b). Foci of cartilagenous metaplasia
and chondroid matrix production were seen (Fig.5c¢).
Islands of tumor osteoid were present within the
neoplasm (Fig.5d). Greater cellularity and the
significant pleomorphism and foamy macrophage
(Fig.5e). Neoplastic cells have indistinct cell borders
and oval to elongate hyperchromatic nuclei (Fig.5f).

6-Complex Adenocarcinoma of 7 years shepherd
dog mammary glandm, the neoplasm characterized
by presence of 2 cells populations.

A-Malignant  (epithelioma and epithelium
differentiation). Myoepithelioma showed spindled
myoepithelial cells surrounded by a bloody
collagenous matrix (Fig.6a). The population cells
were arranged in irregular squamous differentiated
tubules and nests supported by fibrous stroma. (Fig.
6b). Cuboidal to columnar cells epithelial cells
showed pleomorphism with atypia, (Fig. 6¢). The
nuclei were hyperchromatic with increased nuclear:
cytoplasmic ratio (Fig. 6d), Supra mammary lymph
node showed degeneration (Fig.e) and inguinal
lymph node were degenerated with marked
hemorrhage (Fig. 6f).

B-Complex Adenofibroma was the second
populations of cells showed lobular hyperplasia and
proliferation of intralobular ducts and acini (Fig.7a)
increased amount of interlobular fibrous connective
tissue with hyaline granules. (Fig.7b). The tubules
lined by cuboidal or columnar cells bilayered
epithelium with round and uniform nuclei,
considerable nuclear and cellular pleomorphism with
atypia (Fig.7c). Myoepithelial cell proliferation
surrounded by a basophilic mucinous matrix
(Fig.7d). proliferation of periductal stromal cells
(Fig. 7e) and cystic adenoid formation (Fig. 7f)
Comedocarcinoma characterized by presence of
centeral neoplastic cell aggregation and peripheral
tissue showed aggregates of closely packed cells
arranged in solid foci (Fig. 7g).

7- Phyllodes tumors of 3 years age Rot- willer
mammary gland dog. The tumor composed of
epithelial and stromal components. Epithelial part is
made of slit-like double layered ducts, surrounded by
hypercellular stroma. The tumor cells grow in a leaf
like pattern (Fig.8a) cyst containing homogenous
eosinophilic  materials (Fig.8b). The stromal



hypercellularity and overgrowth (Fig.8c). The border
is usually invasive (Fig.8d), Mononuclear cellular
infiltration through muscle bundles with atypia.
cellural infiltration (Fig.8e).

8-Fibrocystic disease with duct ectatic changes of
4 years pit ball mammary gland dog showed benign
growth formed of cystically diliated mammary duct.
The cyst containing homogenous eosinophilic
materials and foamy histocytes (Fig.9a). Typical
ductal hyperplasia, the duct was obliterated by
uniform cells. (Fig. 9b). Ducts lined by low cuboidal
or  hyperplal  epithelium  surrounded by
myoepithelium cells (Fig.9b). The surrounding
stroma is fibrotic admixed with adipose tissue
(Fig.9c). Other morphologic variations include

C
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fibroadenoma-like picture (Fig.9d) and calcification
(Fig.9e).

Result of Immunohistochemical Staining:

Benign Fibrocystic disease showed positive ER (Fig.
10a&b) showed positive PR  (Fig. 10c).
Tubulopapillary carcinoma showed weak positive
ER (Fig.11a) positive PR (Fig. 11b&c). Anaplastic
giant carcinoma showed negative ER (Fig.12a)
positive PR (Fig.12b&c).  Mucinus carcinoma
showed positive ER (Fig. 13a) negative PR (Fig.
13b&c). Complex carcinoma showed weak positive
ER negative PR (Fig. 14a) and (Fig. 14b). Mixed
Carcinoma showed negative PR (Fig.14c) and
negative ER (Fig.14d).

d

Fig.1 :(a) Solid tubular carcinoma of 10 years griffin dog mammary gland showing presence of abundant tubular
structures separated by scanty fibrous stroma. H&E X40.
Fig.1 :(b) Malignant cells scattered through Tubular adenocarcinoma. H&E X100.
Fig.1 :(c) Cytoplasmic vacuolation, granular eosinophilic cytoplasm. H&E X400.
Fig.1 :(d)Tumor cells surrounded by lymphocytic infiltration, presence of a squared off clear space between

adjacent tumor cells. H&E X400.
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Fig.2 :(a)Tubulopapillary carcinoma of 6 years griffin dog mammary gland showing finger-like projections of
ductal epithelial cells, The papillae are supported by fibrovascular stroma. H&E X100.

Fig.2 :(b) tubule formations with clear lumen, mitotic figures. H&E X400.

Fig.2 :(c) tubulocarcinoma (Cribriform appearance), neoplastic epithelial cells forming a sieve like arrangement,
tumor cells surrounded by lymphocytic infiltration. H&E X100.

Fig.2 :(d)) Nuclear and cellular pleomorphism of mammary gland .H&E X400.

Fig.2 :(e) Mammary gland cells invaded in muscle bundles. H&E X400

Fig.2 :(f) Dilated ducts filled by atypical cells with central necrosis. H & E X100.
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Fig.3 :(a) Anaplastic carcinoma of 8 years German shepherd dog mammary gland showing diffuse invasion of
interlobular connective tissue. H&E X40.

Fig.3 :(b) Invasive pleomorphic lobular mammary gland carcinoma cells with unusual shapes and variable sizes
hyperchromatic pleomorphic nuclei. H&E X400.

Fig.3 :(c) Tumor cells surrounded by lymphocytic infiltration. H&E X400.

Fig.3 :(d) Neoplastic epithelial cells forming an atypical tubule grouped in small nests. H&E X100.

Fig.3 :(e) Cellular and nuclear atypia arranged predominantly in a haphazard fashion. H&E X400.

Fig 3 :(f) Multi-nucleated bizarre giant cells. H&E X400.
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Fig.4 :(@ Mucinous carcinoma of 9 years Rot willer dog mammary gland showing Malignant
Myoepithelioma, oval to spindle shaped cells. H&E X100.

Fig. 4 :(b) 'islands' of malignant cells with intracytoplasmic clear vacuoles. H&E X400.

Fig. 4 :(c) Clusters of tumor cells floating in extracellular mucin lakes. H&E X100.

Fig. 4 :(d) Hyperplastic multilayered stratified population wall with cystic formation. H&E X100.

Fig. 4 :(e) Dilated cystic tubule. The Lumina of cyst contain malignant cells. H&E X100.

Fig. 4 :(f) Malignant criteria showing hyperchrmasia, nuclear and cellular pleomorphism. H&E X400.
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Fig. 5: (a) Malignant Mixed carcinoma of 10 years griffin dog mammary gland showing loss of gland
architecture and spindled myoepithelial cells running in various directions. H&E X 100.

Fig. 5 :(b) Lipid-rich carcinoma, nuclei are at the periphery of the cell with a single large lipid vacuole within
the cytoplasm. H & E X100.

Fig. 5: (c) cartilagenous metaplasia and chondroid matrix production. H&E X400.

Fig. 5: (d) Islands of tumor osteoid neoplasm. H&E X100.

Fig. 5: (e) Pleomorphism of the myoepithelial cells and foamy macrophage. H&E X100.

Fig.5: (f) The neoplastic populations cells have indistinct cell borders and oval to elongate hyperchromatic
nuclei. H&E X400.
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Fig.6 :(a) Malignant Myoepithelioma of 7 years German shepherd dog Mammary gland, showing spindled
myoepithelial cells surrounded by a bloody collagenous matrix. H & E X 400.

Fig. 6 :(b) Small groups of cells showing squamous differentiation and fibroma in central part. H & E X100.
Fig. 6 :(c) The epithelial cells showing pleomorphism with atypia,. H & E X400.

Fig. 6 :(d) Squamous differentiation. Epithelial cells pleomorphism with hyperchromatic nuclei. H & E X400.
Fig. 6 :(e) Supra mammary lymph node showing degenerative changes. H & E X100.

Fig. 6 :(f) Inguinal lymph node showing degeneration with hemorrhages. H & E 400.
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e. f g

Fig.7: (@) Mammary gland of 7 years German shepherd dog showing complex adenofibroma, lobular
hyperplasia with intralobular fibrosis. H&E X40.

Fig.7: (b) Lobular hyperplasia with hyaline granules .H&E X100.

Fig.7: (c) The tubule are lined by a bilayered epithelium considerable nuclear and cellular pleomorphism with
atypia. H&E X400.

Fig.7: (d) myoepithelial cell surrounded by a basophilic mucinous matrix. H&E X40.

Fig.7: (e) Fibroadenomatous change showing proliferation of the interlobular ducts. H & E X100.
Fig.7: (f) Cystic adenoid. H&E X100.

Fig.7: (g) Comedocarcinoma showing dilated ducts filled by atypical cells. H & E X100.
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Fig.8:(a) phyllodes tumor of 3 years Rot- willer dog Mammary gland showing ‘leaf-like’ architecture lined by
cuboidal epithelium. H&E X40.

Fig.8:(b) Cystically dilated duct containing homogenous eosinophilic materials surrounded by myoepithelium
cells. H&E X40.

Fig.8:(c) Lobular hyperplasia with fibrosis H&E X100.
Fig.8:(d) Stromal hypercellularity surrounding the slit-like epithelial component. H&E X400.
Fig.8:(e) Mononuclear cellular infiltration through muscle bundles with atypia. H & E X1000.
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Fig.9:(a) Fibrocystic disease with duct ectatic changes of 4 years pitball dog mammary gland showing dilated
cyst cyst containing homogenous eosinophilic materials and foamy histocytes. H&E X100.

Fig.9:(b) typical ductal hyperplasia, the duct is obliterated by uniform cells lined by low cuboidal epithelium.
H&E X400.

Fig. 9 :(c)The stroma showing fibrosis admixed with adipose tissue. H&E X400.

Fig. 9:(d): Fibrocystic disease showing fibroadenoma-like picture. H&E X400.

Fig. 9:(e): Fibrocystic disease showing calcification. H&E X100.

Fig.10: Immunohistochemical Staining of benign Fibrocystic disease showing (a&b) positive for (ER).
(c) Fibrocystic disease showing positive for (PR). Counterstaining: Harris’s hematoxylin. X400.
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Fig.11: (aX400) Immunohistochemical staining tubuloPapillary mammary carcinoma showing weak positive
for (ER).
(bX100&cX400) tubuloPapillary carcinoma showing positive for (PR). Counterstaining:Harris’s Hematoxylin.

Fig. 12: (a). Immunohistochemical staining of anaplastic giant carcinoma showing negative for (ER).
(b&c) anaplastic giant carcinoma showing positive for (PR). Counterstaining: Harris’s hematoxylin. X400.

Fig. 13: Immunohistochemical staining of mucinous carcinoma showing (a) positive for (ER). (b &¢) mucinous
carcinoma showing negative for (PR). Counterstaining staining: Harris’s hematoxylin. X400.

Fig.14: Immunohlstochemlcal staining of complex carcinoma showing (a) weak positive for (ER).
(b) Complex carcinoma showing negative for (PR).
(c) Mixed Carcinoma negative for (ER). (d) mixed Carcinoma negative for (PR). Counterstaining: Harris’s
hematoxylin. X400.
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DISCUSSION

In the present study, the blood samples were collected
from dogs came to the veterinary clinics either for
routine chick up or suffering from disease conditions.
The main obstacle in performing this study was
refusal of the owners to perform surgery or to collect
blood. Another difficulty was the arrival of the
affected cases in advanced stage of tumor
development.

The results of CA15-3 tumor marker revealed that the
normal serum value of CA 15-3 in non tumor bearing
dogs is >1 U/L regardless of the animal breed and or
age. This is in partial agreement with Ledecky et al.
(2013) as they reported that neither the weight nor
age of the animals had an influence on the measured
physiological values of CA 15-3. The previously
reported normal physiologic values for CA15-3 in
dogs seemed to be contradictory. 0.5u /ml and 3-7 u
/ml were previously reported by Manuali et al. (2012)
and Ledecky et al. (2013). High values 30-35 u /ml
were reported in human. This apparent contradiction
and irrelevant of the results were related to the
differences in the laboratory methods adopted for
measuring as well as serum or plasma was used
(Bablok et al.,1988).

In the present study, the serum levels of CA 15-3
were increased in tumor bearing dogs (7.1~7.7 U/ml)
in comparison to normal non tumor bearing dogs
regardless of the breed or age. These findings are in
harmony with the results of previous reports. Early
Duffy, (2006) pointed out that CA 15-3 concentration
of a 5 - to 10-fold above the upper limit of the
reference interval should alert the physician to the
presence of metastatic disease. Manuali et al. (2012),
reported CA 15-3 values of 0.64, 1.21 and 1.33 U/ml
in tumor bearing dogs, and they correlated the results
to the stage of malignancy. No relation between
Tumor size, skin ulceration, necrosis, inflammation
and histological type of tumor and serum levels of
CA 15-3 was observed. Moreover Campos et al.
(2012) concluded that Serum CA 15.3 can be used to
distinguish nonmetastatic from metastatic
carcinomas. Da Costa, (2012) said most of the
markers applied for detection of human CTCs
circulating tumor cell (CTCs) failed to detect canine
CTGCs.

The results also figured out increase in serum level of
CA 15-3 (17 u/ml) in non tumor bearing dogs
suffering from variable disease conditions in
comparison to either healthy or tumor bearing dogs.
Similar increase in the serum level of CA15-3 were
previously reported in patients with certain benign
diseases, especially liver disease; and in patients with
other types of advanced adenocarcinomas (Duffy,
2006).
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The results indicates that increase in serum values of
CA 15-3 is partially related to the degree of tissue
damage which explain the increased serum level in
malignant and metastatic mammary carcinoma.

The differences in the numerical values of serum
level of this mammary tumor marker, CA 15-3 in the
present study and the previously reported are strongly
attributed to the differences in the methods used in
testing. Moreover, this method-dependant differences
are the cause of numerous medical interpretations of
the test values.

The results of hematological examination in the
present study revealed the presence of microcytic
hypochromic anemia, which could by attributed to
chronic ulceration and skin abrasions of the
neoplasm. Similar findings and explanation were
previously reported Hoffbrand et al. (2005) said that
anemia is the most frequent haematological
abnormality in cancer patients and may be due to
many causes as a result of hemorrhage accompanied
with tumors or metastatic of the tumor to bone
marrow which lead to hematological abnormalities.
Anemia of chronic disorders will affect almost all
cancer patients at some stage of their illness.
Although cancer-related hematologic abnormalities
are frequently described in the veterinary literature,
the incidence, prevalence, and clinical significance of
these abnormalities are less well-defined (Childress,
2012).

Kruth and Carter, (1990) reported that extramarrow
malignancies cause blood abnormalities, but the
potential for normal marrow function is present. The
leukocytosis, especially neutrophilia detected in most
cases of tumor bearing dogs that sometimes reached
to 30.000 /ul could be attributed to the direct effect of
neoplastic tissues through production of granulocyte
macrophage colony stimulating factor (G-CSF) or a
similar substance that stimulates neutropoiesis, or
indirectly through stress induced neutrophilia
(Stockham and Scott, 2002). Moreover, Itoh et al.
(2009) attributed the increase of neutrophils,
acidophils and monocytes in tumor-bearing dogs to
inflammatory reaction at sites of tumor development
and infection resulting from decreased immunity.

The distribution of mammary lesions according to
breed and age of female dogs in Egypt has not yet
been established. The most common breeds affected
were, griffin, Rot —weiller and German shepherds at
the range of 3 - 10 years of age. This interval of risk
age is in agreement with other studies (Nieto et al.,
2000; Yang et al., 2006; Hsu et al., 2009). An
interesting finding was the high percentage of
malignant mammary tumors revealed 95% (30%)
malignant and 5% (1%) benign tumors. Some studies
showed that half of the surgically removed mammary
tumors in bitches were malignant Pefia et al. (2003)
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and Kurilj et al. (2011). In spite of the high
percentage of malignant mammary tumors (according
to WHO classification), the wvast majority of
malignant  tumors  were  well  differentiated
adenocarcinomas, mostly mixed complex and
tubulopapillary which were similar to other studies
(Millanta et al., 2006; Yang et al., 2006; Thuroczy et
al., 2007; Hsu et al., 2009).

The histological results in this study revealed several
types of carcinomas solid tubular, tubular papillary
carcinoma, invasive, pleomorphic  carcinoma,
mucinus adenocarcinoma, mixed carcinoma, complex
adenfibroma  with carcinoma and malignant
myoepithelioma and phyloyds. These were the
prominent type of mammary gland malignant tumor
of dog. Fibrocystic disease was the benign tumor in
mammary gland of dog.

In tubulopapillary carcinoma which the neoplastic
tubules were predominantly arranged in a sessile or
pedunculated papillary fashion, solid carcinoma was
one in which the cells are predominantly arranged in
solid sheets, cords, or masses, without lumina
(Misdorpet et al., 1972 and Misdorpet et al., 1973).
Myoepithelial cells are consistently absent (Collins
and Schnitt, 2008; Rosen, 2009 and Rosai and
Ackerman’s, 2011). In this result the tubulopappilary
carcinoma was accompanied with cribriform and
comedocarcinoma.

The origin of anaplastic giant cell carcinoma within
the mammary tissue was often difficult to find
because no neoplastic nodules could be identified
within the tissue submitted for histopathology
(Goldschmidt et al., 2011). Neoplastic cells were
often individualized or grouped in small nests. Nuclei
were round to oval, occasionally indented or
convoluted with coarsely stippled chromatin.
Multiple variably sized nucleoli are frequently
present (usually, 2 or 3). Multinucleated cells were
containing  several irregularly  sized  nuclei
(Goldschmidt et al., 2011). Similar results were
obtained in this work.

Mucinous carcinoma known as colloid carcinoma
was a form of invasive ductal carcinoma, in which
clusters of tumor cells floating in extracellular mucin
lakes. Grossly, the tumor was well circumscribed
with a gelatinous cut surface (Rosen, 2009; Rosai and
Ackerman’s, 2011). Besite mucinus carcinoma,
malignant myoepithelioma and cystic papillary
adenocarcinoma were demonstreated in this result.

The malignant mixed mammary tumor was composed
partly of cells morphologically resembling the
epithelial  component and partly of cells
morphologically  resembling  connective  tissue
elements, both types of which were malignant
(Misdorp et al. (1972); Misdorp et al., 1973). It was
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an uncommon mammary gland neoplasm, but it most
often presents as a carcinoma and osteosarcoma.
The epithelial component metastasizes via lymphatic
vessels to regional lymph nodes and the lung via the
hematogenous route to the lungs (Goldschmidt et al.,
2011). Mixed carcinoma was the most frequent
mammary tumor in bitches. The most frequently
affected glands in our study were the inguinal glands.
This was in agreement with previous reports (Patsikas
2006, Pereira 2003).

Goldschmidt et al. (2011) stated that carcinoma and
malignant myoepithelioma, both the epithelial and the
myoepithelial components were malignant. This
malignant neoplasm was characterized by the
presence of two cell populations supported by
moderate fibrous stroma. This result agreed with the
previous studies but there was complicated with
fibroadeno complex. Adenosquamous carcinoma was
composed of areas of carcinoma of any type admixed
with foci where the neoplastic cells exhibited
squamous differentiation and features of malignancy
(Pulley, 1973). The presence of myoepithelial cells in
complex carcinomas was associated with less
aggressive biological behavior and a better prognosis
than with simple carcinomas (Misdorp et al., 1999;
Misdorp et al., 2002). In canine mammary neoplasm,
tumor type was an important factor. An increasing
range was observed in malignancy of complex
carcinoma (composed of both epithelial and
myoepithelial components) to simple carcinoma
(composed of the one type of cell either epithelial or
myoepithelial like cells) to sarcoma Misdorp et al.
(1999). Comedocarcinoma was characterized by solid
growth of pleomorphic cells within the ducts with
area of central necrosis and dystrophic calcification.
Some comedocarcinoma were present with a palpable

mass (Pinder, 2010; Rosen, 2009; Rosai and
Ackerman’s, 2011).
Phyllodes tumor Phyllode tumors were a

fibroepithelial tumor composed of epithelial and
cellular stroma components. They were considered as
benign, borderline, or malignant depending on
histological features including stroma cellularity,
infiltration at the tumor's edge and mitotic activity.
All forms of phyllodes tumors were regarded as
having malignant potential. These tumors were very
fast growing and can increase in size in just a few
weeks (Guillot et al., 2011). Peyman et al. (2013)
described phyllodes tumor as a rare mammary gland
tumor. Grossly, the mass was rigid, firm and
immobile. On cut surface, it was solid and gray-white
and showed cleft-like spaces.

Fibrocystic disease was one of the most common
benign breast lesions. Histologically it was
characterized by overgrowth of both fibrous stroma,
and epithelial elements, ducts and lobules, in differing
proportions. The basic morphologic changes in the



fibrocystic disease were cysts formation, apocrine
metaplasia and fibrosis (Guray and Sahin, 2006;
Batemam, 2006; Rosen, 2009; Rosai and
Ackerman’s, 2011). The cyst lining may be flattened,
or shows apocrine metaplasia and epithelial
hyperplasia (Rosai, 2011; Batemam, 2006). Apocrine
metaplasia was characterized by abundant granular
eosinophilic cytoplasm with apical snouts (Rosai;
2011). Stromal fibrosis was also a common finding.
Epithelial hyperplasia whether typical or atypical may
be occurred (Hartman et al., 2005; Guray 2006).

In the present study, we combined histopathology
with immunohistochemical staining of estrogen
receptors (ER) and progesterone receptors (PR) in
canine mammary gland tumors. The cells of the
mammary gland contain estrogen and progesterone
receptor protein a member of family of nuclear
receptors which enhance transcriptional activity of
selected genes (Leong et al, 2003).
Immunohistochemical Staining of benign fibrocystic
disease was positive for ER and PR. Tubulopapillary
carcinoma positive for ER and PR Anaplastic giant
carcinoma was negative for ER positive for PR.
Mucinus adenocarcinoma was positive for ER
negative for PR. Complex carcinoma was positive for
ER and negative PR. Mixed carcinoma was negative
for PR and ER Ravaioli et al. (1998). Millanta et al.
(2006) reported incidentally, significantly lower PR
expression in malignant tumors. Most of the lesions
with low PR immunoreactivity and ER negativity
were mixed carcinoma.

Previous studies showed a decreasing percentage of
ER and PR immunoreactivity with increasing
malignancy to the fact that, the degree of cellular
proliferation seems to influence the receptor
expressions where rapidly proliferated cells contained
fewer receptors as hormonal sensitivity is lost as well
as tissue antigenicity Moreover, our findings were
supported by the concept of Hoskins et al. (2005)
who explored that ER have been positively correlated
with histological differentiation and it is used as
adiagnostic discriminate. Tumors that metastasize
were frequently negative for ER (Nieto et al., 2000;
Millanta et al., 2006; Martin et al., 2005 and Yang
et al., 2006). In previous study, ER, PR or both
receptors positively stained represented differences
among severity and histological subtypes of canine
mammary tumors (Martin et al., 2005). Thuroczy
et al. (2007) revealed that proliferation index of
malignant tumors were higher than benign tumors and
dysplastic conditions. Even though the literature
showed that being positive for estrogen receptors may
result in good prognosis (Silva 2004). However, even
small immunohistochemical studies may contribute to
finding of prognostic markers that will eventually
improve diagnosis and treatment of canine mammary
tumors. ER and PR expression epithelial cells is
considered a marker for risk of developing breast
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cancer and for preventive intervention (Fabian et al.,
2005 and Ferretti et al., 2007).

Factors for poor prognosis were size of tumor, lymph
node involvement, ulcerated tumor surface, rapid
growth of tumor, tumor adherence to deeper tissues
and nuclear differentiation (Dobson et al., 2003).
Dogs with simple carcinomas had a worse prognosis
than with other carcinomas as noted in many of the
studies, lymphatic/vascular invasion and lymph node
metastasis was expected to be associated with a poor
prognosis (Goldschmidt et al., 2011).

CONCLUSION

To the best of our knowledge, serum values of CA
15-3 mammary tumor marker were determined in
normal healthy, diseased non tumor bearing, and
tumor bearing dogs for the first time in local reared
mixed breeds of dogs in Egypt.

Serum CA 15-3 values were correlated with
mammary tumor development in dogs.

This study indicated some information about
histopathlogical types of mammary tumour combined
with immunohistochemical staining of estrogen
receptors (ER) and progesterone receptors (PR) in
canine mammary gland tumors.
Immunohistochemical technique have critical role
and may allow accurate diagnosis of canine
mammary tumors. So, this research work may
provide the basis for developing a novel approach in
veterinary research. Additional studies using a large
number of healthy and pathological clinical samples
to revalidate these findings are strongly
recommended.
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