
Page 1/18

MicroRNA-21 Expression, Serum Tumor Markers, and
Immunohistochemistry in Canine Mammary Tumors
Noha Y. Salem 

Cairo University Faculty of Veterinary Medicine
Eman S. Ramadan 

Cairo University Faculty of Veterinary Medicine
Ibrahim A. Emam 

Cairo University Faculty of Veterinary Medicine
Naglaa A AbdElKader  (  naglaa_abd.elkader@cu.edu.eg )

Cairo University Faculty of Veterinary Medicine https://orcid.org/0000-0001-6695-4163
Haithem A. Farghali 

Cairo University Faculty of Veterinary Medicine
Marwa S. Khattab 

Cairo University Faculty of Veterinary Medicine

Research article

Keywords: Canine mammary tumor, CEA, CA 15-3, Immunohistochemistry, miRNA-21

Posted Date: February 25th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-272047/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

https://doi.org/10.21203/rs.3.rs-272047/v1
mailto:naglaa_abd.elkader@cu.edu.eg
https://orcid.org/0000-0001-6695-4163
https://doi.org/10.21203/rs.3.rs-272047/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/18

Abstract
Background: Canine mammary tumors (CMTs) are one of the most common malignancies in dogs and are associated with signi�cant
mortality. Serum tumor markers and non-coding microRNAs have recently gained widespread popularity in human oncology studies. We
aimed to investigate the expression of microRNA-21 (miR21), changes in serum tumor markers (CEA and CA 15-3), and
immunohistochemistry in CMTs diagnosed by clinical examination, radiology, and histopathology. This study enrolled 17 female dogs: 10
with mammary tumors and seven controls without tumors. Blood samples were collected to measure miR-21, CEA, and CA 15-3, and
histological samples were prepared for histological grading and immunohistochemistry.

Results: CA 15-3 was elevated in all animals, whereas CEA levels showed no change compared with controls. miR-21 was upregulated 12.84-
fold in animals with CMT. The most frequently recorded CMT was mixed type. Myoepithelial cells were identi�ed by P63 immunoreactivity,
but not SMA. High expression of miR-21 was observed with positive vimentin immunoreactivity, indicating a mesenchymal origin of the
tumor cells.

Conclusion: The present study showed that miR-21 was elevated to a greater extent than CA 15-3 (12.84-fold vs. threefold). Mixed-type
tumors with positive vimentin immunoreactivity showed the highest miR-21 levels. These �ndings support the hypothesis that miR-21 may
be a more sensitive, noninvasive indicator for CMT.

Background
Canine mammary tumors (CMTs) are one of the most commonly observed tumors in female dogs and contribute to signi�cant mortality [1–
3]. It was postulated that up to 81% of CMTs are malignant [4].

Diagnosis of mammary tumors require a constellation of tests, laboratory assessment for cancer using �ne-needle aspiration, and
histopathology. Ultrasonography and radiography may be used for further con�rmation [5, 6]. Despite the availability of a wide range of
diagnostic modalities for cancer, no single modality is foolproof for the identi�cation of cancer [7].

Many histological classi�cation systems have been proposed for CMTs [8]. A histological staging system for canine mammary carcinomas
was recently published and provides a strong prognostic factor for canine mammary carcinoma. The histological stage of this system
includes disease-free-interval, overall survival, and speci�c survival of dogs with mammary carcinoma [9]. The types of cells in the
carcinoma or malignant myoepithelioma can be identi�ed using immunohistochemistry markers such as CK8, CK18, CK19, and CK7 for
epithelial cells and CK5, CK6, CK14, CK17, smooth muscle actin, calponin, vimentin, and p63 for basal/myoepithelial cells. Cell
differentiation markers have been investigated to elucidate the histogenesis of tumors, particularly mixed-type mammary carcinoma, which
is common in dogs [10].

Tumor markers are products of cellular metabolism that are elevated due to malignant transformation [11]. The most widely used serum
markers in breast cancer are cancer antigen 15 − 3 (CA 15 − 3) and carcinoembryonic antigen (CEA). Measurement of these markers is
relatively inexpensive and requires a less invasive method of sample collection compared with immunohistochemical tests, which have been
used in veterinary medicine [12].

Studies in human medicine have shown characteristic expression pro�les of miRNA in tumors [13]. MicroRNAs (miRNAs) are clusters of
small non-coding RNA that play an essential part in posttranscriptional gene expression as imperative regulators [14, 15]. Several miRNA
species have been identi�ed to be involved in human breast cancer development, including miR-21, miR-145, and miR-210 [16–18].

There is an increasing requirement for a rapid and accurate test to con�rm the presence of disease in a clinical setting. New serum tumor
markers and novel miRNAs could be used as a rapid diagnostic test; however, it is not yet clear which is more superior. Few studies have
investigated the expression of miR-21 in CMTs; therefore, the present study investigated miR-21 expression compared with changes in serum
tumor markers (CEA and CA15-3), and the use of immunohistochemistry in typing CMTs and identifying type of cells relative to expressed
miR- 21.

Results

Preliminary patient data
The median age range for affection was 9 years (range, 7–15 years). The German Shepherd breed appeared to be overrepresented in the
present study, accounting for 40% of all dogs (Table 1). Figures 1 and 2 show clinical images of the dogs.
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Table 1
Clinical Data of each clinical case of mammary tumor

Case
no

breed / Age Tumor location size Lymph node Metastasis Surgery and
pathology

1 German
shepherd / 8 year

Big tumor in the inguinal
mammary gland with inguinal
hernia

7*5 cm Enlarged Not
metastatic

Surgery

2 Griffon /14 year Right inguinal

Left inguinal

Right caudal thoracic

7*6cm

4*4cm

3*2cm

Enlarged right
inguinal lymph
node

3*2cm

Not
metastatic

Tumor progressed
and enlarged and
animal dead

3 German
shepherd /7
years old

Right inguinal 9*7cm Enlarged right
inguinal lymph
node

4.5*4cm

Not
metastatic

Surgery

4 Labrador /7
years old

Left caudal abdomen + left
inguinal

11*3 cm   Not
metastatic

Surgery

5 mongrel dog/ 7
years old

right cranial abdomen 3*4 cm   Not
metastatic

 

6 German
shepherd /9
years old

Right caudal abdomen + right
inguinal

Left inguinal

7*3 cm

3*1.5 cm

6*2 cm

  Not
metastatic

 

7 Golden retriever /
9years

left inguinal 5*2cm   Not
metastatic

 

8 German
shepherd
/10years

Left cranial abdomen + caudal
abdominal

7*3 cm
with
ulceration

  Not
metastatic

 

9 Rottweiler /9
years

Left caudal abdomen 4*5 cm   Not
metastatic

 

10 North American
shepherd
/15years

Left inguinal 5*3.5 cm   Not
metastatic

 

Hematology And Tumor Markers
Hematological evaluation revealed a non-signi�cant reduction in red blood cells, packed cell volume (PCV), and hemoglobin (Hb), along with
a signi�cant reduction in TLC. Signi�cant elevation in thrombocytes was recorded in animals in the disease group compared with the
controls (Table 2).
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Table 2
Hematologic �ndings in bitches with mammary tumor and control group

Parameters/unit Control group Diseased group

RBCs count (1012/L) 6.80 ± 0 .30 6.04 ± 0 .21

PCV( l/l) 0.43 ± 0.02 0.40 ± 0.01

HB (gm/L) 144.05 ± 7.54 136.66 ± 4.26

MCV(�) 62.81 ± 1.64 68.12 ± 2.61

MCH (pg) 21.14 ± 0.50 22.99 ± 0.80

MCHC (gm/L) 337.31 ± 8.47 340.91 ± 6.77

Platelets (109/L) 184.00 ± 7.11 271.90 ± 7.26***

N (%) 63.14 ± 1.45 62.15 ± 4.80

L (%) 23.28 ± 1.76 26.80 ± 4.76

M (%) 7.28 ± 0.74 6.78 ± 0.82

E (%) 4.85 ± 0.80 4.12 ± 0.55

WBCs (109/L) 11.18 ± 0.80 8.06 ± 0.76**

Data are represented as mean ± SE, *P value ≤ 0.05 considered signi�cant, SPSS program version16.00 independent sample t test.

Evaluation of serum tumor markers showed signi�cant elevation in CA 15 − 3 in disease group animals compared with controls (Table 3).

Table 3
Serum levels of CEA and CA 15 − 3 in bitches with mammary tumor and control group

Parameters/unit Control group Diseased group

CEA (ng/mL) 0.14 ± 0.03 0.15 ± 0.05

CA 15 − 3 (ng/mL) 1.33 ± 0.10 3.76 ± 0 .43***

Data are represented as mean ± SE, *P value ≤ 0.05 considered signi�cant, SPSS program version16.00 independent sample t test.

Mir-21 Expression
miR-21 was upregulated 12.84-fold in animals in the disease group compared with the controls (Table 4).

Table 4
Expression of MiR-21 in bitches with mammary tumor and

control group
Group U6

CT

MiR-21

CT

Fold change

(2-ΔΔCT)

Control group 19.57 23.58 -

Canine mammary tumor 20.71 21.04 12.84***

Radiology
Radiographic examinations showed no signs of lung metastases or thorax chest lesions in any of the animals with CMT (Figs. 3 and 4).

Histology And Immunohistochemistry
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Microscopy of the canine tumors revealed two tubular carcinomas, micropapillary carcinoma, ductal carcinoma, two mixed-type carcinomas,
two complex-type carcinomas, low-grade �bromyxoid sarcoma, and mammary sarcoma. The histological gradings are shown in Table 5. In
well-differentiated complex carcinoma, the neoplastic cells appeared large hepatoid cells with eosinophilic cytoplasm. They were
pleomorphic with prominent nucleoli, often vacuolated and arranged in an acinar pattern. Neoplastic cells were separated by delicate
�brovascular stroma, and mitosis was frequently observed in the these cells (Fig. 5a).

Table 5
The scores and grades of the neoplasms recorded in this study

Type of neoplasm Number of
animals

Score of tubule
formation

Score of
mitosis

Score of nuclear
pleomorphism

Sum of
scores

Tumor
grade

Tubular carcinoma 2/10 1 2 2 5 I

Micropapillary
carcinoma

1/10 2 3 2 7 II

Ductal carcinoma 1/10 2 2 2 6 II

Carcinoma-mixed
type

2/10 2 1 2 5 I

Carcinoma-complex
type

2/10 3 3 3 9 III

2 3 3 8 III

Fibromyxoid
sarcoma

1/10 - 1 3 4 I

Undifferentiated
Sarcoma

1/10 3 3 3 6 II

Ductal carcinoma was also diagnosed in cases that showed neoplastic cells arranged in cords and tubules that surrounded slit-like lumina
that were often lined by a double layer of epithelial cells exhibiting signi�cant anisokaryosis and anisocytosis. Focal or multifocal areas of
squamous differentiation and keratinization were present, with intracytoplasmic keratohyalin granules within some cells (Fig. 5b).

In mammary micropapillary carcinoma, neoplastic cells formed a morula-like micropapillary projecting in the mammary lumina. Cells
showed pleomorphism, karyomegaly, and mitosis. An extensive necrosed area was seen in the neoplastic tissue, and leukocytic in�ltration
was observed in the interstitial tissue of the mammary gland. Interstitial and peripheral �brosis was also observed (Fig. 5c).

Complex carcinoma was diagnosed in two cases. Epithelial cells and spindle-shaped myoepithelial cells were observed as in�ltrating cords.
A layer of myoepithelial cells combined with a small grouping of epithelial cells invaded the adjacent stroma (Fig. 5d). Mixed-type
carcinoma was reported in one case (Fig. 5e), and showed irregular tubules lined by a single layer of epithelial cells with a scant cytoplasm,
fusiform, or stellate myoepithelial cells combined with an abundant �brous connective tissue and cartilage formation. The cartilage
appeared as plaques of different sizes of low-to-moderate numbers of chondrocytes and chondroblasts. Mixed-type carcinoma was also
diagnosed in two cases. In situ and in�ltrative carcinomatous proliferation was seen in the focal areas of the mixed-type tumors. Epithelial
cells were strongly positive for pan-cytokeratin, and myoepithelial cells were positive for P63, but not α-SMA. The connective tissue stroma
was positive for vimentin (Fig. 6).

Malignant mesenchymal mammary gland sarcoma was recorded in two cases. Low-grade �bromyxoid sarcoma had �broblastic spindle-
shaped cells arranged in a whirling growth pattern with myxoid and �brous stroma. The �brous areas showed varying degrees of cellularity,
including some hypocellular areas formed entirely of dense collagenous tissue. Nuclear pleomorphism was seen and mitotic �gures were
rare. Prominent capillaries were observed. The tumor was surrounded by a �brous capsule that in�ltrated the adjacent tissues (Fig. 5f). The
other sarcoma was composed of polygonal neoplastic cells arranged in solid cellular areas and clusters separated by a �ne �brovascular
stroma. The neoplastic cells were undifferentiated with vesicular nuclei and showed frequent mitosis. They were moderately positive for
vimentin and entirely negative for cytokeratin, α-SMA, and P63 (Fig. 6).

Discussion
The present study investigated the expression of miR-21, alterations in CA 15 − 3, and CEA as serum mammary tumor markers and
utilization of immunohistochemistry in the diagnosis of CMT. Elevated levels of thrombocytes, although within the normal reference range,
was the most common abnormality recorded via hematology.
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CMT is frequently diagnosed, especially in female dogs [19]. In the present study, intact female dogs, with a median age of 9 years, were
affected. Hormonal factors such as estrogen could be implicated [20]. The onset of CMT is believed to be in�uenced by age, hormones, and
genetic predisposition and is rarely seen in young dogs (< 3 years of age) [21].

The hormonal effect was also studied in human breast cancer pathology [22]. An incidence rate of 73% was previously reported in intact
female dogs with an approximate age range of 8–13 years [23], and another study reported a mean age of 9.5 years [24]. In the present
study, the German Shepherd was the most affected breed. Cocker Spaniels and German Shepherds were postulated to be at higher risk
compared with other breeds [25]; however, Labrador Retrievers and Poodles were overrepresented in another study [20].

CMT diagnosis is relatively feasible using clinical data, which is collected and analyzed, and a combination of visual and palpation provides
the practitioner with the necessary information to narrow differential diagnosis lists [26]. In the present study, two females showed multiple
masses, and tumor size was taken as the size of the largest tumor, as described previously [27]. Radiological examination was conducted to
con�rm the absence of distant metastasis. It is recommended to conduct the left and right lateral view and ventrodorsal view to con�rm or
rule out the presence of metastasis [26].

Histological examination showed malignant mammary gland tumors that were either carcinoma or sarcoma. The most frequently recorded
CMT was mixed-type, which is in line with the �ndings from previous studies [28, 29]. Tumor type according to histological classi�cation
may be correlated with grade and prognosis [30]. Further immunohistochemical studies are useful to identify the origin of neoplastic cells
[31]. Keratin immunoreactivity was limited to epithelial cells. Myo�broblasts express both α-actin and vimentin, whereas connective tissue
cells express vimentin. Myoepithelial cells are a major component of carcinomas, which usually express CK14, CK5, SMA, calponin, and p63
[32]. However, proliferating myoepithelial cells show a decreased expression of these markers with an increased expression of vimentin, and
eventually become a �broblast-like cell expressing only vimentin [10]. Identi�cation of the type of neoplastic cells involved in the tumor was
suggested to be important for tumor prognosis. Tumors with or without myoepithelial cells should be identi�ed since it was proposed that
myoepithelial cells presence in malignant tumors exhibit an inhibitory effect on neoplastic cells with subsequent favorable prognosis [28,
33]. In the present study, it was di�cult to diagnose myoepithelial cells using hematoxylin and eosin-stained tissue sections; therefore, they
were identi�ed by P63 immunoreactivity but were negative for SMA. P63 is more speci�c for myoepithelial cells and shows no cross-
reactivity with stromal myo�broblasts compared with SMA and calponin [10].

Hematological alterations showed no signi�cant reduction in erythrogram and MCV, and MCHC were within the normal range. PCV and Hb
were reported to be reduced, along with nearly normal values for other hematological parameters in CMTs [7, 34, 35]. Thrombocytes were
elevated, but were within the normal reference range. Thrombocytosis and leukopenia were previously reported to be the most prominent
change in malignant mammary tumors [36]. However, leukocytosis and anemia were associated with chronicity and extent of advanced
stage [37]. Thrombocyte elevation was associated with a systematic in�ammatory response [38]. Immune-mediated involvements and non-
treated solid neoplasm were postulated as a cause [36].

The present study showed that CA 15 − 3 levels were elevated in association with CMT. Elevation of CA 15 − 3 is correlated with disease
stage, neoplastic cells activities, and its associated products [2, 12]. The most widely used serum markers in breast cancer are CA 15 − 3 and
CEA. They are relatively inexpensive and require a less invasive method of sample collection compared with immunohistochemical tests,
which have been used in veterinary medicine [12]. In human medicine, CA 15 − 3 is considered a speci�c diagnostic and monitoring tool for
mammary tumors [39]. It is mainly a monitoring tool for women breast cancer [40, 41], and is elevated in around 70% of advanced cases.
Benign breast tumors also show elevated CA15-3 levels [42]. Higher levels of CA 15 − 3 are positively correlated with tumor stage; for
instance, stage III is associated with higher serum concentration compared with stage I, and this high concentration may be associated with
poor outcomes [2, 43]. The present study did not detect changes in CEA between the control and disease groups, in line with a previous study
[12]. However, other studies showed that a change is expected [27, 44]. Liver metabolism, kidney clearance rate, and method of assay could
be implicated [12, 45]. Moreover, the lower positivity rate of CEA compared with CA 15 − 3 in breast cancer makes it a controversial marker
for the diagnosis of this type of tumor [46]. Previous studies [47, 48] reported that CEA lacks predictive ability in metastatic breast cancer,
although other studies correlated it with poor prognosis [49, 50]. Furthermore, a strong relationship between elevated serum CA 15 − 3 and
advanced CMT has been observed, indicating CA 15 − 3 has better diagnostic value than CEA [12].

The present study found that miRNA-21 expression was upregulated 12.84-fold in female dogs with CMT, which is in agreement with the
�ndings of a previous study [51] that reported increased miRNA-21 expression in mammary gland neoplasms and a �vefold increase in
carcinoma samples. Furthermore, miR-21 was signi�cantly upregulated in CMTs [52]. The use of microRNAs as indicators is becoming more
common in human medicine as they are stable, noninvasive, easy to assess markers [53]. miR-21, miR-155, and miR-10b are established as
oncogenic and metastasis-promoting miRNAs in breast cancer [54, 55]. The oncogenes, miR-21 and miR-29b, are associated with several
cancers, including human mammary cancer, and have consistently found to be upregulated in mammary cancers using microarray analysis
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[56–59]. Moreover, miR-21 showed an increase in copy number in human mammary tumor tissues [60]. miR-21 targets both PTEN and
TPM1, and loss of this miRNA results in increased caspase activity and subsequent apoptosis [59, 61]. Comparisons between normal
mammary gland and neoplastic tissues showed that miR-21, miR-143, miR-194, and miR-203 were signi�cantly increased and therefore
matched the de�nition of an oncogenic miRNA [62]. miR-21 is a substantial biomarker for the diagnosis of breast cancer in human patients
[63]. Despite the broad use of miR-21and its misregulation in association with different carcinomas, it remains a promising marker for the
prognosis, diagnosis, and prediction of cancer [53].

The tumors presented in the present study showed positive vimentin immunoreactivity, either partially or completely, with high expression of
miR-21, indicating a mesenchymal origin of the tumor cells. Similarly, in a previous study on esophageal squamous cell carcinoma, miR-21
expression was predominantly present in �broblasts associated with cancer [64]. Therefore, elevation of miR-21 may be directly attributed to
mesenchymal cells expressing vimentin.

Limitations of this study, small number enrolled while strains of this study comparison between miR-21 and serum tumor marker. The
attribution between high expression of miR-21 and mesenchymal origin of tumor cell required further investigation.

Conclusions
The present study showed that serum miR-21 was elevated 12.84-fold, which was greater than the threefold increase in CA15-3. Mixed-type
tumors with positive vimentin immunoreactivity showed the highest levels of miR-21, con�rming that miR-21 is mainly released from
mesenchymal cells. These �ndings support the notion that miR-21 may be a more sensitive, noninvasive indicator of CMT.

Methods

Animals, examination, and allocation
The study included 17 non-lactating and non-pregnant female dogs admitted to the Veterinary Teaching Hospital, Faculty of Veterinary
Medicine, Cairo University. Ten dogs had mammary tumors and seven healthy dogs were used as a control group and underwent a complete
examination to exclude any underlying diseases (Table 1).

Physical examination of mammary glands was performed via inspection and palpation for masses on all �ve pairs of glands. Clinical signs
were recorded at the time of admission. The control group comprised healthy dogs (T0) free from mammary tumors or any health issue,
whereas the disease group comprised dogs with mammary tumor ≥ 3 cm in diameter and no evidence of metastasis (T2,3, N0 − 1, M0), as
adapted from the World Health Organization guidelines [26, 27, 65]. In cases with more than one mass, the largest was used for tumor size
[27].

Radiographical Examination
Radiographical recordings made using X-ray (Fischer, Berlin, Germany). The radiographical setting factors were 58–70 kVp, 10 mAs, and 90-
cm focal spot–�lm distance. The radiographical exposures were conducted dorsoventrally and right laterally. The tumor dimensions were
measured using calipers and con�rmed with sonar.

Routine Hematology
Blood was collected from the cephalic vein of each dog and then divided into two portions. The �rst portion was collected in an EDTA-
containing tube for hematology analysis by an automated veterinary hematology analyzer. The second portion was collected in a sterile
tube for serum separation.

Serum Tumor Markers
Blood was collected from the animals in both groups into a sterile tube for serum separation and divided into two aliquots. The �rst aliquot
was used to determine CEA and CA 15 − 3 levels (MyBiosource, USA). The second aliquot was stored immediately at -20°C until used to
measure miR-21 expression.
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Determination Of Serum Mir-21
RNA was extracted from serum samples using a RNeasy Mini kit (catalog no.74104, QIAGEN, Germany) according to manufacturer’s
instructions. Quantitative PCR was performed using a QuantiTect SYBR green PCR kit (Cat. No.204141, QIAGEN, Germany). The primers
used in SYBR green real-time PCR for miR-21 and U6 (housekeeping gene) are shown in Table 6 [66, 67]. The cycling conditions for SYBR
green real-time PCR are illustrated in Table 7. Ampli�cation curves and cycle threshold (CT) values were determined using Stratagene
MX3005P software. The CT value of each sample was compared with that of the control group according to the “ΔΔCT” method [68] using

following ratio 2−ΔΔCT to estimate the variation in gene expression in the different samples.

Table 6
Primers sequence for MiR-21 and housekeeping gene (U6)
Gene Primer sequence

(5'-3')

U6
(housekeeping)

GCTTCGGCAGCACATATACTAAAAT

CGCTTCACGAATTTGCGTGTCAT

miRNA-21 CGGCGGTAGCTTATCAGACTGATGT

GTGCAGGGTCCGAGGT

Table 7
Cycling condition of real-time PCR for MiR-21 and housekeeping gene (U6)

Gene Reverse
transcription

Primary

denaturation

Ampli�cation (40 cycles) Dissociation curve

(1 cycle)

Secondary
denaturation

Annealing

(Optics
on)

Extension Secondary
denaturation

Annealing Final
denaturation

U6
(housekeeping)

50˚C

30 min.

94˚C

15 min.

94˚C

15 sec.

60˚C

30 sec.

72˚C

30 sec.

94˚C

1 min.

60˚C

1 min.

94˚C

1 min.

miRNA-21 50˚C

30 min.

94˚C

15 min.

94˚C

15 sec.

60˚C

30 sec.

72˚C

30 sec.

94˚C

1 min.

60˚C

1 min.

94˚C

1 min.

Surgical Intervention
Surgical intervention
General anesthesia was applied to animals during the surgical mastectomy (Fig. 7). Under general injectable anesthesia, each animal was
premedicated with atropine sulfate (1%, 0.05–0.1 mg/kg b. wt.; Adwia Co. S.A.E., Cairo, Egypt) and xylazine (Xyla-Ject 2%, 1 mg/kg b. wt.;
Adwia Co. S.A.E.), and then anesthesia was induced using ketamine HCl (Ketalar, 10–15 mg/kg b. wt.; Sigma-Aldrich Co.) and maintained by
ketamine HCl [69]. After complete recovery the animals were discharged to owner care, during postoperative care the animal was medicated
using cefobid® 500mg I\M twice daily, �uid therapy for 3 days, daily dressing on wound with normal saline, fucidine® cream and
bevatracin® spray, follow up after 10–14 days was performed to remove stitch.

Histopathology, Histological Grading, And Immunohistochemistry Of Mammary
Tissue
Mammary tissue specimens were �xed in 10% neutral buffered formalin, processed by para�n-embedded technique, and sectioned into 3–
4-µm thick sections using a microtome (Leica 2135, Germany). Tissue sections were stained with hematoxylin and eosin for
histopathological examination using a light microscope equipped with a digital camera (Olympus XC30, Tokyo, Japan). Canine tumors were
diagnosed according to a proposed histological classi�cation previously [8].

The tumors were graded according to the Elston and Ellis scoring system [70], in which three morphological features were assessed:
glandular differentiation and tubule formation, nuclear pleomorphism, and mitotic activity. A score of 1–3 was used to evaluate each
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parameter [71]. Tubule formation with clear central lumina was scored 1 when comprising > 75% of the tumor, 2 when comprising 10–75%
of the tumor, and 3 when comprising < 10% of the tumor. The nuclear pleomorphism was scored 1 when small uniform regular cells were
present, 2 when nuclear size and variation was moderate, and 3 when the nuclear variation was marked. The number of cells undergoing
mitosis per 10 high-power �elds (40×) was scored as: 1 (0–7 mitosis), 2 (8–16 mitosis), and 3 (≥ 17 mitoses). The sum of the three scores
was used to grade each tumor as follows: grade I, well-differentiated, or low-grade (3–5 points); grade II, moderately differentiated or
intermediate-grade (6–7 points); and grade III, poorly differentiated or high-grade (8–9 points).

Cytokeratin, vimentin, α-SMA, and P63 were immunohistochemically stained in para�n-embedded tissue sections after depara�nization
and hydration of the tissue to differentiate between different types of undiagnosed tumors. Anti-pan-cytokeratin (PCK) (rabbit polyclonal,
1:100, Dako), anti-vimentin (mouse monoclonal, 1:100, Dako), anti-α-SMA (mouse monoclonal, 1:100, Dako), anti-p63 (mouse monoclonal,
1:50, Dako, Carpinteria, USA) were applied to tissue sections after antigen retrieval by citrate buffer (pH 6) and blocking of endogenous
peroxidase activity with 3% H2O2. A secondary horseradish peroxidase-conjugated anti-species antibody (Envision, Dako, Carpinteria, USA)
was then applied for one-hour. 3 3'-diaminobenzidine (Dako, Carpinteria, USA) was used to develop a brown color.

Statistical analysis
Age was presented as median values. All quantitative data of hematology and serum tumor markers (CEA, CA 15 − 3) were presented as
mean ± standard error. Comparison between the control and disease groups were performed using SPSS statistics program version 16.0
(independent samples T-test).
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CA 15 − 3, cancer antigen 15 − 3; CEA, carcinoembryonic antigen; CMT, canine mammary tumor; miR-21, microRNA-21; MT, mammary tumor.
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Figure 1

Photographs for North American shepherd dog 15 years; showing left inguinal tumor A, B: The tumor dimensions were measured using
calipers.
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Figure 2

A Photographs for mongrel dog 7 years; showing right cranial abdomen tumor, B) German shepherd dog showing Left cranial abdomen
+caudal abdominal tumor with ulceration, C, D) Photographs of Golden retriever dog showing left inguinal tumor.
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Figure 3

Right lateral (A) and ventrodorsal (B) radiographic views of the thorax of a female dog with a mammary tumor. No signs of metastases were
observed in the lungs.

Figure 4
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Right lateral radiographic views of the thorax of female dogs with a mammary tumor. No signs of metastases were observed in the lungs.

Figure 5

Canine mammary tumors. (a) Tubular adenocarcinoma (X40), (b) ductal carcinoma (X20), (c) micropapillary carcinoma, (d) complex
carcinoma (X10), (e) mixed carcinoma (X40), and (f) �bromyxoid sarcoma (X20). Hematoxylin and eosin stain.
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Figure 6

Canine mammary tumors. (a) complex carcinoma (H and E stain X10) which show (b) strong positive expression of cytokeratin (X20) (c)
moderate expression of P63, and (d) positive expression of vimentin in connective tissue (X10). Immunoperoxidase and hematoxylin
counterstain (e) undifferentiated sarcoma (H and E stain) which showed (f) negative immunoreactivity to cytokeratin and positive
immunoreactivity in the overlying epidermis (X10), (g) negative immunoreactivity to P63, and (h) moderate expression of vimentin (X20).
Immunoperoxidase and hematoxylin counterstain.
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Figure 7

Photograph showing A) aseptic technique of site of operation B) elliptical incision of the skin over the nodule C, D) blunt dissection of the
tumor using mosquito hemostats or scissors E, F) hemostasis by ligation of blood vessels around the tumor, and excision of tumor G)
subcutaneous tissue and skin were closed routinely H) tumor after excision.
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