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In the present study, the pathology of spontaneous canine tumours, their classifications, the 
expression of the BcL–2 as well as expression of the proliferation indices (mitotic and PCNA 
index) were investigated. A total of 27 canine tumour cases were studied and samples were 
collected in 10% buffered formalin. Organs wise distribution of tumour cases showed highest 
involvement of mammary gland (48.15%) followed by skin (29.62%), testicles (11.11%) and bone, 
muscle and eye (3.7% each). Histologically, 4 (14.81%) tumours were diagnosed as benign and 23 
(85.19%) as malignant. Mitotic index was significantly low in benign tumours (0.3±0.00/hpf) 
compared to the malignant tumours (2.24±0.48/hpf).  The highest Proliferating Cell Nuclear 
Antigen (PCNA) index was found to be in canine transmissible venereal tumour (92 %) followed 
by squamous cell carcinoma (86.6 %), anal adenocarcinoma (68.3±0.00), solid carcinoma 
(51.8±1.68), fibrosarcoma (31.5±1.32), carcinosarcoma (30.75±1.25) and tubulopapillary carcinoma 
(29.2±0.08). The BcL–2 immunostaining was membranous and cytoplasmic. It was mainly 
observed in non–proliferating and peripheral neoplastic cells. Out of 27 total tumours, only 9 
showed the positive reaction to BcL–2 immunostaining. Benign tumour, fibroma showed high 
BcL–2 index (19.3±0.00) compared to malignant tumours (8.8±1.15).  BcL–2 expression was noticed 
in both benign and malignant tumours and was prominent in comparatively less aggressive 
tumours showing mild PCNA immunostaining. Further studies, with more number of tumours, 
may elucidate the role of BcL–2 in progression of canine tumours. 
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INTRODUCTION 
Cancer is the leading cause of mortality in pets (especially in 
dogs and cats), up to 41% in dogs (Bonnett et al 2005) and 
second most in humans (Jemal et al 2008). BcL–2 protein, a 
founding member of BcL–2 family of apoptosis regulator is 
encoded by BcL–2 gene. It is an oncoprotein product that plays 
a role in apoptosis by blocking programmed cell death and also 
discourages the promotion of cellular proliferation 
(Hockenberry et al 1990). BcL–2 protein is localized on the 
mitochondrial membrane, nuclear envelope, and endoplasmic 
reticulum (Tsujimoto et al 1985; Lu et al 1998). It is 
hypothesized that BcL–2 prevents apoptosis by stabilizing the 
mitochondrial membrane and inhibiting the release of 
cytochrome–c, which is the key element for activation of 
apoptotic pathway. BcL–2 also binds to the pro–apoptotic 
factor Apaf–1 and inhibits activation of caspase cascade. BcL–2 
protein is found at inappropriately high levels in more than half 
of all cancers in humans and canines (Reed, 1995). There are 
very few reports for BcL–2 expression in spontaneous canine 
tumours (Yung et al 2006). In present study we have evaluated 
the expression of BcL–2 in comparison with expression of 
PCNA and mitotic index in spontaneous canine tumours. 

 
MATERIALS AND METHODS 
A total of 31 spontaneously occurring canine tumour cases 
presented at Referral Veterinary Polyclinic, IVRI, Izatnagar, 
during the period from September 2010 to June 2011 were 

included in present study. A total of 27 dogs underwent surgery 
and tumour samples were collected for pathological evaluation. 
Clinical and reproductive histories for all the cases were 
obtained from their owners. Detailed gross findings of 
individual tumours were recorded. Representative tumour 
samples were collected in 10% neutral buffered formalin for 
histological and immunohistochemical studies.  

One to 2 mm thick tissue samples were dehydrated in 
graded alcohol and cleared in xylene and embedded in paraffin 
blocks. Four–micrometer thick serial sections were subjected 
for Haematoxylin and Eosin staining (Luna, 1972). The stained 
sections of spontaneous canine tumours were evaluated and 
classified according to the WHO criteria (Goldschmidt et al 
1998; Misdrop et al 1999). 

Immunolabelling for PCNA and Bcl–2 antigen was 
performed on dewaxed sections by the streptavidin–biotin–
peroxidase (ABC) complex method. The tissue sections were 
deparaffinised by heat at 60o C for 10 min, followed by three 
washes in xylene. After gradual hydration through graded 
alcohol, the slides were incubated in citrate buffer (pH 6.0) for 
two cycles of 5 min in microwave oven for antigen retrieval. The 
sections were allowed to cool for 20 min and then rinsed with 
phosphate buffered saline (PBS). The sections were treated 15 
min each with 3% H2O2 in absolute methanol to inhibit 
endogenous peroxidase activity. Nonspecific antibody binding 
was reduced by incubating the sections with normal goat serum 
for 40 min. Mouse anti–BcL–2, clone 100 (Invitrogen; product 

Evaluation of BcL–2 and PCNA Expression and Mitotic Index in 
Spontaneous Canine Tumours  

  

http://www.nexusacademicpublishers.com/journal/4
http://dx.doi.org/10.14737/journal.aavs/2.1.63.66


Advances in Animal and Veterinary Sciences. 2(1): 63 – 66 
http://dx.doi.org/10.14737/journal.aavs/2.1.63.66 

 

Lokesh et al (2014). BcL–2 and PCNA Expression in Spontaneous Canine Tumours 
64 
 

ISSN: 2307–8316 (Online); ISSN: 2309–3331 (Print)   

Figure 6: Tubulopapillary carcinoma; Bcl–2 positive cells with 
brownish coloured cytoplasm in between tubular structures; 
IP; DAB; MH; 200x  

no. 08 1193) and Mouse MAb PC 10 (Sigma Aldrich; product no. 
P8825) were used as primary antibodies specific against BcL–2 
and PCNA antigens, respectively and the sections were 
incubated at 4oC overnight. The slides were washed with PBS 
and then incubated with anti–mouse biotin–labelled secondary 
antibody followed by streptavidin–biotin–peroxidase for 30 
min each at room temperature. The immunoprecipitate was 
visualized by treating with 3,3– diaminobenzidine 
tetrahydrochloride (Sigma) and counterstaining with Mayer’s 
haematoxylin. Normal canine lymph node was kept as positive 
control for BcL–2. For negative control only 1% BSA was 
applied. The proportion of immunolabelled cells was scored as 
follows: – , < 5%; +, 5–19%; ++, 20–59%; +++, >60%. These scores 

were regarded as negative, slight, moderate and high, 
respectively. The IHC “labeling index” was defined as the ratio 
of labelled tumour cells to the total number of cells examined in 
4–5 high–power fields (c. 1000 cells), expressed as a percentage. 
Mitotic Index 
Following Yu et al., (1992) method, mitotic figures were 
counted in 30 random high power (400x) fields (1 hpf = 
0.159mm2) in H&E stained sections. Tumor sections having 
marked cellular activity were selected (field selection method) 
for counting mitotic figures. Mitotic index was recorded as 
mitotic figures per 1000 cells. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1: Complex carcinoma: infiltrating cords of 
neoplastic epithelial cells and proliferating spindle shaped 
myoepithelial cells; H&E;  100x 

Figure 2: Complex carcinoma; epithelial cells showing Bcl–
2 positive staining in the cytoplasm as brown coloured 
granules; IP; DAB; MH; 400x 

Figure 3: Complex carcinoma: scattered clusters of both 
epithelial and myoepithelial cells showing moderate 
nuclear staining for PCNA; IP. DAB; MH; 400x 

Figure 4: Tubulopapillary adenocarcinoma; tumour 
section showing mostly papillary and few tubular 
structures; H&E; 100x 

Figure 5: Tubulopapillary adenocarcinoma; scattered PCNA 
positive nuclear staining of the cells; IP;  DAB; MH; 100x 
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RESULTS  
Age wise analysis showed maximum tumour cases in 6–8 year 
followed by 8–10 year, 4–6 years and more than 10 year with 
37.04 %, 29.62%, 18.51% and 14.81%, respectively (Table 1). The 
mean age of tumour presentation was 8.4 years. Females 
(55.56%) had comparatively more tumours than in males 
(44.44%) (Table 1). All the tumour bearing animals were intact. 
Breed wise analysis showed highest tumour cases in Spitz and 
German shepherd (25.93%) (7/27) followed by Non–descript 
(ND), Labrador retriever, Rampur hound and Rottweiler with 
22.22% (6/27), 14.81% (4/27), 7.41% (2/27) and 3.74% (1/27), 
respectively (Table 1).  

Organ wise distribution showed highest involvement of 
mammary gland (48.15%) followed by skin (29.62%), testicles 
(11.11%) and bone, muscle and eye (3.7% each). Mammary gland 
tumours more frequently encountered in left chain (53.33%) 
compared to right chain (46.67%). Grossly 40.74% (11/27) 
tumours were ulcerated compared to 59.26% (16/27) non 
ulcerated tumours. 

Histologically, 4 (14.81%) tumours were diagnosed as benign 
and 23 (85.19%) as malignant. There were 8 skin tumours, 
which include, benign tumour; Fibroma – (1 case, 3.7%), 
malignant tumours; Fibrosarcoma (3 cases, 11.11%), Malignant 
trichoepithelioma (1 case, 3.7%), Squamous cell carcinoma (1 
case, 3.7%), Anal gland adenocarcinoma (1 case, 3.7%) and 
Canine transmissible venereal tumour (CTVT) – (1 case, 3.7%). 
Testicular tumours; benign; Sertoli cell tumour (1 case, 3.7%) 
and Granular cell tumour (1 case, 3.7%); malignant; Seminona (1 
case, 3.7%). Muscle tumour; Rhabdomyosarcoma (1 case, 3.7%), 
Bone tumour; Osteosarcoma (1 case, 3.7%) and Eye tumour; 
Dermoid cyst (1 case, 3.7%). Histologically diagnosed mammary 
tumours were malignant in nature, which includes; 
Tubulopapillary adenocarcinoma (2 cases, 7.41%), Solid 
carcinoma (5 cases, 13.51%), Complex adenocarcinoma, (2 
cases, 7.41%), Fibrosarcoma (1 case, 3.7%), Carcinosarcoma (2 
cases, 7.41%). (Table 2) 
 

 
 
Table 1: Breed, Age and Sex wise distribution of spontaneous canine tumours. 

Breed Total 
Age (years) Sex 

4–6 6–8 8–10 >10 Male Female 
ND 6 1 2 2 1 4 2 
Spitz 7 1 3 2 1 3 4 
Lab 4 1 3 – – 2 2 
GSD 7 2 2 3 – 2 5 
Rampur Hound 2 – – – 2 – 2 
Rottweiler 1 – – 1 – 1 – 
 27 5 (18.51%) 10 (37.38%) 8 (29.63%) 4 (14.81%) 12 (44.44%) 15 (55.56%) 

 
Sr. No. Tumour No. of cases Mitotic index (hpf) PCNA (%) BcL–2 (%) 

1 Fibroma 1 (3.7%) 0.3±0.00 – 19.3±0.00 
2 Sertoli cell 1 (3.7%) 0.3±0.00 – – 
3 Granular cell tumour 1 (3.7%) – – – 
4 Dermoid cyst 1 (3.7%) – – – 
 Benign tumours 4 (14.81%) 0.3±0.00 – 19.3±0.00 

5 Fibrosarcoma 5 (13.51%) 1.3±0.187 31.5±1.32 9.4±1.30 
6 Malignant Trichoepithelioma 1 (3.7%) 0.5±0.00 – – 
7 SCC 1 (3.7%) 5.6±0.00 86.6±0.00 – 
8 Anal  adenocarcinoma 1 (3.7%) 1.0 ± 0.00 68.3±0.00 – 
9 CTVT 1 (3.7%) 4.6±0.00 92±0.00 – 
10 Seminoma 1 (3.7%) 1.0±0.00 – – 
11 Osteosarcoma 1 (3.7%) 3.6±0.08 80±0.00 – 
12 Rhabdomyosarcoma 1 (3.7%) 0.8±0.00 – – 
13 Tubulopapillary adenocarcinoma 2 (7.41%) 1.35±0.05 29.2±0.08 11.78±0.00 
14 Solid Carcinoma 5 (13.51%) 3.13±0.176 51.8±1.68 8.25±1.25 
15 Complex adenocarcinoma. 2 (7.41%) 1.55±0.02 26.5±1.50 4.8±0.00 
16 Carcinosarcoma 2 (7.41%) 2.5±0.1 30.75±1.25 9.8±2.70 
 Malignant tumours 23 (85.19%) 2.24±0.48 55.18±8.97 8.8±1.15 

 
 
In general mitotic index was significantly low in benign 
tumours (0.3±0.00/hpf) compared to the malignant tumours 
(2.24±0.48/hpf). Among malignant tumours, squamous cell 
carcinoma (5.6±0.00), canine transmissible venereal tumour 
(4.6±0.00), osteosarcoma (3.6±0.00) and solid mammary 
carcinoma (3.13±0.00) had high mitotic counts compared to 
cacinosarcoma (2.5±0.00), complex carcinoma (1.55±0.02) and 
tubulopapillary adenocarcinoma (1.35±0.00) (Table 2). PCNA 
immunostaining was nuclear and varied in intensity from 25% 
to 92%. Benign tumours; sertoli cell tumour and granular cell 
tumour did not show positive reaction to PCNA 

immunostaining. The highest PCNA index was found to be in 
canine transmissible venereal tumour (92%) followed by 
squamous cell carcinoma (86.6 %), anal adenocarcinoma 
(68.3±0.00), solid carcinoma (51.8±1.68), fibrosarcoma 
(31.5±1.32), carcinosarcoma (30.75±1.25) and tubulopapillary 
carcinoma (29.2±0.08) (Table 2).  

BcL–2 immunostaining was membranous and cytoplasmic. 
Out of 27 total tumours only 9 showed the positive reaction to 
BcL–2 immunostaining. Benign tumour, fibroma showed 
significantly high (p < 0.05) BcL–2 index (19.3±0.00) compared 
to malignant tumours (8.8±1.15) (Table 7). Among malignant 
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tumours, BcL–2 index was more in tubulopapillary 
adenocarcinoma (11.78%), followed by carcinosarcoma 
(9.8±2.7), fibrosarcoma (9.4±1.3), solid carcinoma (8.25±1.25) 
and least in complex carcinoma (4.8±0.00) (Table 2). 
 
DISCUSSION 
Bcl–2 protein inhibits apoptotic cell death and also discourages 
the promotion of cellular proliferation (Hockenberry et al 
1990). In present study, BcL–2 immunostaining was 
membranous and cytoplasmic. BcL–2 staining observed more in 
epithelial cells compared to the mesenchymal cells and the 
staining was observed mainly in the resting cells, which were 
not stained for PCNA, indicating more expression in non 
dividing neoplastic cells. Tumours having high PCNA index 
(>60) did not show any BcL–2 reactivity. Out of 27 total 
tumours only 9 tumours (33.34%) showed the positive reaction 
to BcL–2 immunostaining. This is very less compared to 61.5% 
(24/39) of MGTs (Yung et al 2006) and 17/21 (81%) breast 
tumours (Planas–Silva et al 2007). In the present study BcL–2 
expression was noticed in both benign and malignant tumours. 
Benign tumour, fibroma showed high BcL–2 index (19.3±0.00) 
compared to malignant tumours (8.8±1.15) and similar finding 
also reported by Yung et al (2006) with 11.5±10.9 in benign and 
8.6±11.6 in malignant tumours. 

Among malignant tumours, BcL–2 index was more in 
tubulopapillary adenocarcinoma (11.78%), followed by 
carcinosarcoma (9.8±2.7), fibrosarcoma (9.4±1.3), solid 
carcinoma (8.25±1.25) and least in complex carcinoma 
(4.8±0.00). these findings were in accordance with Yung et al 
(2006); tubulopapillary carcinoma (12.8±10.1) solid carcinomas 
(10±14.2), mixed mammary tumours (6.2±5.2) and complex 
carcinoma (0.2±0.00). The complex carcinomas showed more 
expression in the present study compared to the studies of 
Yung et al (2006). In present study, BcL–2 staining was not 
observed in osteosarcoma, rhabdomyosarcoma, seminoma and 
sertoli cell tumour, squamous cell carcinoma, canine 
transmissible venereal tumour, anal adenocarcinomas and 
granular cell tumours. Yung et al (2006) also reported BcL–2 
negative in osteosacoma and squamous cell carcinoma. 
Tellechea et al (1993) and Swanson et al (1998) also reported 
BcL–2 negativity in squamous cell carcinoma. Fernandez–
Flores and Valerdiz (2010) reported expression of BcL–2 in 
cutaneous granular cell tumours (grade +) in humans. In our 
study, no reactivity was observed which may be due to 
difference in the clone of primary antibody used. There are no 
reports of BcL 2 immunostaining for sertoli cell tumour, 
seminoma and canine transmissible venereal tumour. In present 
study, it appears that BcL–2 expression was prominent in 
comparatively less aggressive tumours showing mild PCNA 

immunostaining. Further studies are required to elucidate the 
role of BcL–2 in progression of canine tumours. 
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