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Introduction 
Canine mammary tumors rank the second in frequency, 
following skin neoplasm. Recent reports indicated the 
application of TNM system, histopathological 
characteristics, lymph nodes metastasis and proliferative 
markers for precise diagnosis and prognostic values. The 
common use of proliferative markers in malignant tumors 
are thymidine-labeling index, Ki-67, proliferating cell 
nuclear antigen (PCNA) and argyrophilic nucleolar 
organizer regions (AgNORs). PCNA is a 36 kDa nuclear 
protein associated with cell cycle regulated nuclear protein 
and co-factor of polymerase delta enzyme (2). PCNA 
index indicated proliferative activity of benign and 
malignant canine mammary tumors and was related to the 
malignancy histopathological type (10). 
C-erbB2 oncogene; synonym neu/HER2, is a 185 kDa 
glycoprotein located in cytoplasmic cell membrane and 
plays a major role in intrinsic protein tyrosine kinase 
activity (6,7). Overexpression of c-erbB2 oncogene was 
reported in human breast and ovarian cancers. The erbB2 
oncogene amplification related with poor prognosis, 
relapsing survival time, estrogen or progesterone hormonal 
status metastasis and chemotherapy response in human 
mammary adenocarcinomas (6). The prognostic value of c-
erbB2 in canine mammary tumors was reported in various 
histologic types (1, 11) but there are no supported data on 
the clinical prognostic factor as compared to human cases   
The aim of this study is to determine the relationship 
between the c-erbB2 oncogene expression and canine 
mammary adenocarcinomas based on histopathological 
grade and PCNA proliferative marker index. 
 
Materials and Methods 
Specimens: 96 biopsy specimens, including mammary 
tumor mass and regional lymph node, were collected from 
canine patients presenting at the Small Animal Hospital, 
Chulalongkon University from 1997 to 2001. Clinical data 
based on TNM system were noted. Representative tissues 
were fixed in 10% neutral buffered formalin for a routine 
histologic procedure with HE staining. Other special 
stainings (PAS, MT) and immunohistochemistry were 
applied for a making of definite diagnosis. The 
histopathological diagnosis was based on WHO 
classification (5). The histological malignancy grade was 
classified into grade 0, I and II, according to cytoplasm and 
nuclear characteristics of tumor cells, cellular arrangement 
and tissue invasiveness (4). The nuclear grade was defined 
as grade 1 (poorly differentiated), grade 2 (moderately 
differentiated) and grade 3 (well differentiated) (4). 
 

Immmunohistochemistry: The avidin biotin complex 
method was performed both PCNA and c-erbB2 
immunostaining on formalized and paraffinized sections. 
Briefly, for PCNA immunostaining, the sections were 
treated in distilled water with microwave heat technique 
(900w, medium heat, 5 mins twice) and incubated with 
monoclonal mouse anti-PCNA antibody (dilution 1:200, 
Dako, Denmark). The number of positive cells per 1500 
examined was expressed in percentage. For c-erbB2 
immunostaining, the same serial sections were treated in 
citrate buffer, pH 6.0 by microwave heat (900w, medium 
heat, 5 mins twice) and incubated with rabbit polyclonal 
anti-human c-erbB2 oncoprotein (dilution 1:200, Dako, 
Denmark, 11). Human invasive ductal carcinoma and 
normal canine mammary tissue were used as positive and 
negative control, respectively. C-erbB2 expression was 
presented as percentage of positive cases and 0, +1, ++ and 
+++ (8).   
Chi-square, Fisher exact test and logistic regression 
analysis with p-value < 0.05 were the methods selected for 
the statistical analysis.        
 
Results and Discussion 
The pattern of membranous and cytoplasmic c-erbB2 
expression was observed in glandular and ductal tumor 
cells especially in case of squamous metaplasia in 
74%(71.96) of canine mammary adenocarcinomas (Table 
1, Fig. 1). The loss of c-erbB2 expression in normal 
mammary tissue proved the notion that c-erbB2 involved 
in the transformation of canine mammary tumors (11). 
C-erbB2 protein did not have statistical differences on 
histopathological characteristics based on WHO 
classification, malignancy grading and nuclear 
differentiation. The percentage of positive cases in each 
histopathological type showed similar proportion as well as 
malignancy grade. It is interesting that c-erbB2 expression 
was detected 80% in well differentiated nuclear grade and 
decreased in moderately and poorly differentiated nuclear 
grade. The c-erbB2 expression was accepted to use as 
prognostic factor of individual tumor type in human as 
ductal carcinoma in situ and invasive ductal carcinoma (3) 
without significant relation. The c-erbB2 oncogene product 
indicated the malignancy behavior of mammary cancer and 
related with lymphatic and blood vessel metastasis and 
estrogen or progesterone receptor in human case (8). The 
PCNA index has statistical difference between 
histopathological type (p=0.001) and the index increased 
when the tumor became malignancy. PCNA can be served  
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as a prognosis indicator in canine mammary 
adenocarcinomas (Table 2) (9). 
The c-erbB2 did not significantly difference with PCNA 
index suggesting that PCNA index is an independent 
prognostic indicator in canine mammary adenocarcinomas. 
From this study suggested that the application of c-erbB-2 
oncogene in the prognosis of canine mammary 
adenocarcinomas is suitable in each histopathological type 
as previously reported in human.  
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Table 1 Results of c-erbB2 expression in canine mammary 
adenocarcinomas (n=96)       

C-erbB-2 expression  Tumor characteristics 
Positive   +             ++          +++ 

1. Histologic type 
  Simple tubular ACC 
  Complex tubular ACC 
  Simple papillary ACC 
  Cystic papillary ACC 
  Solid carcinoma 
  Secretory cell carcinoma 

 
 41(73.2%) 
    7(70%) 
    5(83.3%) 
    1(100%) 
  17(77.3%) 
         - 
  71(74%) 

 
4(7.1%)  6(10.7%)   20(35.7%) 
      -        3(30%)       2(20%) 
      -        2(33.3%)    2(33.3%) 
      -            -            1(100%) 
5(22.7%) 2(9.1%)    4(18.2%) 
      -            -                  - 

2. Malignancy grading 
   Grade 0 
   Grade I 
   Grade II  

   
16 (80%) 
  38 (66.7%) 
 15 (88.2%) 

  
     -         5(25%)       6(30%)  
7(12.3%) 6(10.5%)  14(24.6%) 
2(11.8%) 2(11.8%)   7(41.2%) 

3. Nuclear grade 
   Well  
   Moderately  
   Poorly   

   
33 (82.5%) 
 33 (67.4%) 
    5 (60%) 

 
2(5%)      8(20%)    15(37.5%) 
6(12.2%) 4(8.2%)   12(24.5%) 
1(14.3%) 1(14.3%)  2(28.6%) 

*ACC: adenocarcinomas 
 
Table 2 Results of PCNA index in positive cases of canine 
mammary adenocarcinomas (mean+SD) 
 
1.C-erbB2 expression 
   Positive 
   + 
   ++ 
   +++ 
   Negative 

PCNA index(%) 
40.81+18.77 
40.43+19.45 
44.98+21.40 
42.88+18.98 
36.25+17.18 

2. Malignancy grading 
    Grade 0 
    Grade I 
    Grade II 

 
28.91+11.44 
41.10+18.94 
49.58+17.77 

 
 
 

 
 
 
 
 
 
 
 
Figure 1: C-erbB2 expression in canine mammary 
adenocarcinomas, IHC; DAB counterstained with Meyer’s 
hematoxylin, bar =25 μm   
 
A) C-erbB2 expression in human invasive ductal 

carcinoma (positive control, bar =50 μm) 
B) C-erbB2 expression in simple tubular adenocarcinoma 

(D6934M) 
C) C-erbB2 expression in simple papillary 

adenocarcinoma (D8703N) 
D) C-erbB2 expression in solid carcinoma (R1913N)  
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