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Abstract: In this study, we aimed to correlate c-erb B2, UGCG expressions and tumor size in canine mammary tumors. The 
material of this study consisted of tissue samples of mammary carcinomas taken from ten female dogs brought to our 
department between 2012-2020. Avidin-Biotin Peroxidase method was used as an immunohistochemical method. All canine 
mammary tumor cases were immune positive for c-erb B2 and UGCG reactions. We detected membranous and cytoplasmic 
c-erb B2 immune positive staining in the neoplastic epithelial cells. Reactions were moderate to strong in severity. We 
observed strong dark brown cytoplasmic ceramide glucosyltransferase staining in the cytoplasm of neoplastic epithelial cells.  
We found that the increase in the number of c-erb B2 and UGCG immune positive cells paralleled the tumor size. In 
conclusion, the increase in the number of c-erb B2 and UGCG positive cells in direct proportion to the tumor size, which is an 
important diagnostic parameter in canine mammary tumors, made us think that c-erb B2 and UGCG could be reliable 
immunohistochemical markers in the diagnosis of canine mammary tumors. In addition, these markers must be evaluated 
comprehensively in line with different cancer diagnosis parameters. 
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c-erb B2 ve UGCG Köpeklerin Meme Karsinomlarında Güvenilir 

İmmunohistokimyasal Markerlar Mıdır? 

Öz: Bu çalışmada, köpek meme tümörlerinde c-erb B2, UGCG ekspresyonları ve tümör boyutu arasında ilişki kurmak 
amaçlandı. Çalışmanın materyali; 2012-2020 yılları arasında Anabilim Dalımıza getirilen 10 dişi köpekten alınan meme kanseri 
dokusu örneklerinden oluştu. İmmünohistokimyasal yöntem olarak Avidin-Biotin Peroksidaz yöntemi kullanıldı. Tüm köpek 
meme tümörü vakaları c-erb B2 ve UGCG reaksiyonları yönünden immun pozitifti. c-erb B2 ve UGCG immun pozitif hücre 
sayısındaki artışın tümör boyutuna paralel olduğu tespit edildi. Neoplastik epitel hücrelerde membranöz ve sitoplazmik c-erb 
B2 immün pozitif boyamalar tespit edildi. Reaksiyonların şiddeti orta ila şiddetli düzeydeydi. Neoplastik epitel hücrelerinin 
sitoplazmasında şiddetli koyu kahverenginde sitoplazmik seramid glukoziltransferaz boyaması tespit edildi. C-erb B2 ve UGCG 
immün pozitif hücre sayısındaki artışın tümör boyutuna paralel olduğu ortaya konuldu. Sonuç olarak, köpek meme 
tümörlerinde önemli bir tanı parametresi olan tümör boyutu ile doğru orantılı olarak c-erb B2 ve UGCG pozitif hücre 
sayısındaki bu artış, bize köpek meme tümörlerinin teşhisinde c-erb B2 ve UGCG'nin güvenilir immunohistokimyasal 
belirteçler olabileceğini düşündürdü. Ek olarak bu belirteçlerin, farklı kanser tanı parametreleri doğrultusunda kapsamlı bir 
şekilde değerlendirilmesi elzemdir.  

Anahtar Kelimeler: c-erb B2, Köpek, Meme Tümörü, UGCG. 
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INTRODUCTION

anine tumors have increased in the last decade 

and caused significant clinical problems (1,2). 

As in women, mammary neoplasms are the most 

common tumors detected in unsprayed bitches or 

bitches and approximately half of these tumors are 

malignant (3,4). The degree of malignancy is based 

not only on the histologic type but also on a 

significant amount of nuclear and cellular 

pleomorphism, mitotic index, presence of necrotic 

areas, peritumoral and lymphatic invasion, and 

regional lymph node status (1,5). Various risk factors 

such as hormonal, nutritional, and genetic factors 

have been found to play an important role in the 

etiology of the tumor (2). Biomarkers are used in 

canine mammary tumors because of their 

heterogeneous morphology and biological behavior 

and these biomarkers assist in early diagnosis, 

staging, prognosis and evaluation of response to 

treatment (1).  

Changes in genes encoding growth factors, 

growth factor receptors and cellular proliferation 

regulators have been identified to play an important 

role in tumorigenesis in both humans and canine 

mammary carcinomas (6). c-erb B2 (also known as, 

HER-2/neu, HER-2) is a protooncogene encoding a 

tyrosine kinase receptor protein that belongs to 

human epidermal growth factor receptors, which 

play an important role in the regulation of basic 

cellular processes such as differentiation, survival 

and cell development (7,8). Overexpression of c-erb 

B2 has been detected in 20-30% of human breast 

carcinoma cases and positively correlated with poor 

prognosis (9,10). During mutations in this gene, the 

intracellular signal cascade of the growth factor 

receptor becomes over-activated. As a result, tumor 

cells proliferate more rapidly and cancer patients 

develop a resistance to chemotherapeutic drugs (11). 

Although the prognostic value of c-erb B2 in various 

histological types of canine mammary tumors has 

been reported, unlike human breast tumor cases, 

there are no abundant studies of the same oncogene 

in veterinary medicine. (12,13). c-erb B2 is also 

amplified or overexpressed in canine mammary 

tumors. However, some researchers found a direct 

relationship between c-erb B2 expression and poor 

prognosis, while some researchers reported that c-

erb B2 overexpression was associated with a higher 

rate of survival (14,15). 

Despite recent advances in the treatment of 

breast cancer, multidrug resistance (MDR) 

development to chemotherapy is the primary cause 

of therapy unsuccess (16,17). Ceramide acts as a 

tumor suppressor lipid and induces tumor apoptosis. 

Ceramide is the substrate of UGCG to produce 

glucosylceramide that functions antagonistically with 

ceramide (16). Ceramide glucosyltransferase (UGCG) 

is closely related to MDR that develops in many types 

of cancer (18). In addition, it has been reported that 

overexpression of UGCG causes excessive 

proliferation of breast cancer cells (19). 

In this study, we aimed to correlate c-erb B2, 

UGCG expressions and tumor size. Thus, we will open 

to discussion whether c-erb B2 and UGCG are reliable 

biomarkers in canine mammary tumors in line with 

the data obtained from our study. 

MATERIALS and METHODS 

Animals 

The material of this study consisted of tissue 

samples of mammary carcinomas taken from ten 

female dogs brought to our department between 

2012-2020. 

Ethical Approval 

The ethics committee report of this study was 

obtained from Kafkas University Animal 

Experimentals Local Ethics Committee (Authorization 

number: KAU-HADYEK-2020/076). 

Immunohistochemistry 

Avidin-Biotin Peroxidase method was used as 

an immunohistochemical method. For immunohisto 
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chemical staining, the sections of 4 μm in thickness 

taken to poly-L-lysine coated slides were 

deparaffinized and rehydrated in graded alcohols. In 

order to prevent endogenous peroxidase activity, the 

sections were treated with a 3% hydrogen peroxide 

solution in Phosphate Buffered Saline (PBS) for 15 

minutes. For antigen retrieval, the sections were 

boiled in Citrat Buffer Solution (pH 6) for 25 min in 

the microwave oven (at 800 watt). In order to 

prevent nonspecific staining, the sections were 

incubated for 10 min with non-immune serum at 

room temperature. Diluted antibodies were 

incubated overnight (+ 4 °C in the refrigerator). The 

sections were washed 3 times in PBS solution for 5 

minutes, and the biotinylated secondary antibody 

was applied to them at room temperature for 10 

minutes. After washing in PBS (3-5 min), all sections 

were incubated with peroxidase-bound Streptavidin 

for 10 minutes at room temperature. A solution of 

3.3-diaminobenzidine tetrahydrochloride (DAB) was 

used as a chromogen for 15 minutes. The sections 

were treated with Mayer’s Hematoxylin for 30 

seconds and washed in running water for 5 min, 

dehydrated in graded alcohols, cleared in xylene and 

coated with entellan. Primary antibodies were 

omitted from the negative control sections and were 

treated with diluted normal serum. The slides 

prepared after the covering were examined under a 

light microscope and photographed via the Cell^P 

program. Analyzes of the images were done with 

Image J Program.  

Analysis of immunohistochemical staining 

results; c-erb B2 and ceramide glucosyltransferase 

immunoreactivities were scored by the number of 

positive cells in the areas that best reflect the 

character of staining. For quantification of the 

immunostaining in the tissue, the analysis was 

started on the basis of high-intensity reaction areas. 

For each sample, 5 different areas were examined at 

a total enlargement of 200. The number of cells 

stained positively in each area was recorded and the 

average of these 5 sites was taken as the data of that 

animal.    

RESULTS 

Immunohistochemical Results 

Average numbers of immune positive c-erb B2, 

ceramide glucosyltransferase and tumor sizes for all 

animals are shown in Table 1. We did not observe any 

significant c-erb B2 expression in normal mammary 

tissue. All canine mammary carcinoma cases were 

positive for c-erb B2 reactions. We detected 

membranous and cytoplasmic c-erb B2 immune 

positive staining in the neoplastic epithelial cells. 

Reactions were moderate to strong in severity (Fig. 

1A-B). Similar to c-erb B2 results, we also did not 

detect any considerable ceramide 

glucosyltransferase immune positive reactions in 

normal mammary tissue. All canine mammary tumor 

cases were positive for ceramide glucosyltransferase 

expressions. We observed strong dark brown 

cytoplasmic ceramide glucosyltransferase staining in 

the cytoplasm of neoplastic epithelial cells (Fig. 2A-

B).  

Table 1. Average c-erb B2/ceramide glucosyl 
transferase immune positive cell numbers of the 
canine mammary carcinoma cases and tumor sizes. 
Tablo 1. Köpek meme tümörü vakalarına ait c-erb 
B2/UGCG pozitif hücre sayıları ve tümör boyutları. 

Case 
number 

c-erb B2 
Ceramide 
glucosyl 

transferase 

Tumor 
sizes 

Case 1 260 524 <3 cm 

Case 2 252 564 <3 cm 

Case 3 344 680 3-5 cm 

Case 4 606 1218 >5 cm 

Case 5 374 714 3-5 cm 

Case 6 626 1258 >5 cm 

Case 7 356 650 3-5 cm 

Case 8 220 506 <3 cm 

Case 9 308 1018 <3 cm 

Case 10 244 628 <3 cm 
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Figure 1. Dog mammary carcinoma, IHC, c-erb B2 staining, membranous reactions (arrow) in tumoral cells (A), 
Higher magnification, immune positive expressions (arrowhead) (B).  
Şekil 1. Köpek meme karsinomu, İHK, c-erb B2 boyaması, tümoral hücrelerde membranöz reaksiyonlar (ok) (A), 
Daha yüksek magnifikasyon, immun pozitif ekspresyonlar (ok başı) (B). 

 
Figure 2. Dog mammary carcinoma, IHC, ceramide glucosyltransferase staining, cytoplasmic reactions (arrows) 
in tumoral cells (A), Higher magnification, severe dark brown immune positive expressions (arrowheads) (B).  
Şekil 2. Köpek meme karsinomu, İHK, seramid glukoziltransferaz boyaması, tümoral hücrelerde sitoplazmik 
reaksiyonlar (oklar) (A), Daha yüksek magnifikasyon, şiddetli koyu kahverengi immun pozitif ekspresyonlar (ok 
başları) (B). 
 
DISCUSSION and CONCLUSION 

Biomarkers are usually proteins that can be 

measured in tissues such as tumors or blood and can 

provide information about the presence of any 

disease, treatment results, or prognosis. However, all 

cancer cells express specific proteins, also known as 

tumor-related antigens (2). Canine mammary tumors 

are less lethal than humans and cats, but researchers 

are trying to develop the most sensitive and specific 

prognostic biomarkers to detect tumor growth and 

metastasis (12). Although immunohistochemical 

staining is routinely used in the prognosis of human 

breast tumors and in determining the neoplastic 

existence, aggressiveness and best treatment 

method for patients, this method is not routinely 

used in canine mammary tumors. However, in the 

last decade, there has been a remarkable increase in 

the number of studies that have tested diagnostic 

and prognostically reliable biomarkers (15,20). Due 

to the highly heterogeneous morphology and biology 

of canine mammary cancer cells, it is difficult to 

demonstrate the most suitable and useful biomarker 

(2). 

Protooncogenes are normal genes responsible 

for regulating cell proliferation, but their mutant 

forms, oncogenes (changes in structure and 
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expression), cause malignant transformation. C-erb 

B2, c-MYC, c-RAS, and RR1 can be given as examples 

of important oncogenes involved in mammary 

carcinogenesis (21,22). Genes of the protein kinase 

family, which control cell growth by phosphorylating 

tyrosine or serine / threonine residues on proteins. 

Amplification and overexpression of these genes (c-

yes and c-erb B2) have been detected in the initiation 

and progression of tumors (22). 

The epidermal growth factor family of growth 

factors bind to and activate receptors called ErbB1, 

ERbB2, ERbB3, and ERbB4 (23). ERbB2 (also known as 

c-erb B2, HER2) is a proto-oncogene located on 

chromosome 17q 12-21 and encodes a 185-kDa 

transmembrane glycoprotein that belongs to the 

epidermal growth factor receptor family with 

tyrosine kinase activity in humans (7,9,24). In 

canines, c-erb B2 is located on chromosome 1a13.1 

(11). c-erb B2 is an important tumor marker and 

performs important functions such as regulating 

tumor growth, survival and differentiation (1,10). 

Activation of c-erb B2, the intracellular signaling 

cascade of epidermal growth factor receptor is 

hyperactivated; as result, tumor cells grow faster 

than their normal rate, thus leading to the 

development of cancer (11,25). It has been found to 

be approximately 30% expressed in canine mammary 

tumors as well as in human breast cancers (2,9). In 

veterinary medicine, there is a positive correlation 

between c-erb b2 expression (based on data 

obtained from tissue and serum by ELISA or IHC 

methods) and mitotic tumor index, high histological 

grade, and tumor size (2). Although this information 

suggests that this gene is a significant marker 

associated with poor prognosis, different study data 

do not support this idea (2,6,12). Certain criteria 

should be taken into consideration when evaluating 

tumor prognosis. These can be briefly summarized as 

follows; clinical stage, tumor size, metastasis to 

lymph node or distant tissues, lymphatic or vascular 

invasion, and histopathological type (2). Bertagnolli 

et al. 2011 (14), Rezaie et al. 2012 (24) and 

Muhammadnejad et al. 2012 (11) think that there is 

a positive relationship between large tumor size, 

poor histological stage, malignancy, p53 expression 

and overexpression of c-erb B2. Similar to these 

studies (11,14,24), we also found an increase in the 

number of c-erb B2 positive cells as the tumor size 

increased. In addition, we observed c-erb B2 immune 

positive reactions in the membrane (4-6,9,14,15,26-

29) and cytoplasm (1,12,22,23) of neoplastic cells, in 

accordance with the literature studies. According to 

the data of our study, we think that c-erb B2 is a 

reliable marker in the detection and prognosis of 

canine mammary tumors. 

Acting as a central mediator in sphingolipid 

metabolism, ceramide has emerged as a key 

regulatory molecule mediating various responses to 

stress stimuli in cancer (16,19). It has been 

demonstrated that increased ceramide levels due to 

the use of ceramide analogs are highly effective in 

killing breast cancer and leukemia cells (16). UGCG, 

which has an antagonist effect on ceramide, is closely 

related to MDR and has been found to be highly 

expressed in various cancer types such as metastatic 

breast cancer with poor prognosis or colon cancer 

with poor prognosis (17-19). One of the main 

features of neoplastic disease is continuous and 

uncontrolled cell proliferation (19). Schömel et al. 

(19) found that the UGCG overexpression increased 

the proliferation of breast cancer cells. Surgery is the 

most effective treatment method for canine 

mammary tumors that have epidemiological, 

biological and clinical features similar to human 

breast tumors. Unlike human breast tumors, other 

systemic treatments cannot often be applied to 

canine mammary tumors (29). MDR of cancer cells is 

one of the most important causes of failure in 

treatment (17). This limited area of treatment 

options also increases the importance of 

immunohistochemical markers in the early diagnosis 

of canine breast tumors (1). In the literature reviews, 

no study was found in which UGCG was investigated 

immunohistochemically in canine mammary tumors. 

According to the results of our study, UGCG and the 
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important oncogene c-erb B2 positive cell numbers 

increased in parallel with the tumor size.  

In conclusion, the increase in the number of c-

erb B2 and UGCG positive cells in direct proportion to 

the tumor size (2), which is an important diagnostic 

parameter in canine mammary tumors, made us 

think that c-erb B2 and UGCG could be reliable 

markers in the diagnosis of canine mammary tumors. 

In addition, these markers must be evaluated 

comprehensively in line with different cancer 

diagnosis parameters. 
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