Immunohistochemical detection of p53 tumor suppressor protein in round cell tumors of dogs in Grenada, West Indies
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ABSTRACT

    A study was undertaken on 40 round cell tumors in dogs namely, transmissible venereal tumor (TVT), 19 cases; mast cell tumor (MCT), 7 cases; canine cutaneous histiocytoma (CCH), 14 cases. These tumor cases were selected from biopsy and necropsy submissions for the period 2001 to 2011 on dogs residing in Grenada. The objective of this study was to evaluate the expression pattern of the tumor suppressor protein p53 in these tumors. Nuclear expression of p53 was detected as moderate to strong immuno-reactivity in most of the 3 tumors under study. The percentage of immuno-marked cells was 36.8, 50.0, and 57.1 for TVT, CCH and MCT, respectively. Intensity of p53 immunostaining was proportional to biological behavior of the tumors. Canine TVT in metastatic sites showed significantly (P=0.009) higher immune-reactivity compared to TVT in primary site. Strongly positive p53 expression was seen consistently in TVT at extragenital sites indicating a higher degree of malignant behavior of this tumor. This suggests that p53 expression could be a useful indicator of the malignant potential and prognosis of canine TVT.
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1.0 Introduction
The p53 (also known as protein 53 or tumor protein 53) is a tumor suppressor protein that plays a central role in the maintenance of genomic integrity. p53 has been described as "the guardian of the genome", referring to its role in conserving stability of the cell genome by preventing mutation (Lane, 1992; Strachan and Read, 2003). The name is due to its molecular mass which is 53 kilo Dalton (kDa). It regulates the cell cycle and, thus, functions as a tumor suppressor that is involved in preventing cancer.
The p53 is one of the most important of the tumor suppressor genes involved in the development of neoplasia  and the most frequently mutated gene in human cancers (Setoguchi et al., 2001; Soussi and Beround, 2001; Pawaiya and Ramkumar, 2007; Vousden and Lane, 2007). Known biological functions of p53 are transcriptional activation of genes involved in cell cycle control, DNA repair and metabolism, genomic plasticity, senescence, angiogenesis,  programmed cell death, cellular differentiation, and immune response, including transcriptional, posttranscriptional and posttranslational roles (Levine, 1997; Hollstein and Hainaut, 2010).  p53 protein is quickly eliminated due to its short half-life (about 20 minutes). In contrast, the mutant p53 protein has a half-life of several hours and may be detected by immunohistochemistry (Prokocimer and Rotter, 1994). Correlation between immunohistochemical detection of p53 protein and mutations in p53 gene has been described (Davidoff et al., 1991). These mutations often lead to production of an altered p53 protein that binds to and inactivates the normal p53 protein, thereby promoting tumorigenesis. Thus, immunohistochemical detection of p53 protein is equated to the detection of the mutant p53 protein or otherwise stabilized abnormal p53 protein, rather than due to overexpression of normal p53 (Ginn et al., 2000).
Genetic instability is the one of the most common features of malignant neoplasms.  P53 can arrest cell division, freezing the cell at the G1 checkpoint of the cellular cycle, thus the cell is unable to reproduce and its damaged genome is safely isolated. p53 can also initiate a more permanent solution namely programmed cell death or apoptosis if it fails to repair the damaged DNA (Hanahan and Weinberg, 2011; Ozer et al., 2012).
Canine round cell tumors (RCTs) are composed of cells with a round morphology. They include transmissible venereal tumor (TVT), histiocytoma, lymphoma, melanoma, plasmacytoma, and mast cell tumor and neuroendocrine cell tumor (Sandusky et al., 1987).  It is difficult to distinguish TVT from other round cell tumors especially when it occurs in extra genital locations. 

The aim of present study was to immunohistochemically detect and determine the percentage of cells overexpressing p53 oncoprotein in mast cell tumor, cutaneous histiocytoma and canine transmissible venereal tumor in dogs in Grenada. 

2.0 Materials and Methods  
2.1 Tumors

Retrospective (archival) canine biopsy and necropsy tumor tissue specimens were obtained from the Veterinary Pathology Laboratory School of Veterinary Medicine, St. George’s University, Grenada collected between 2001 and 2011. Based on histological features, tumor selected and included in the study were 19 TVT, 14 cutaneous histiocytoma and 7 mast cell tumors. No attempt was made to select cases on basis of criteria such as sex, age, or breed of the tumor. 

2.2 Slide pre-treatment (Adhesive coating) 
Before taking paraffinized tissue sections glass slides were coated with 3-Aminopropyltriethoxysilane (Sigma-Aldrich, Product No. A3648), following the procedure of Herrington and McGee (1992) and Pawaiya and Ramkumar (2007). 
2.3 Sectioning and Histological Examination 

Histologic sections were cut at 4µm thick from paraffin-embedded blocks of each of the neoplasms and stained with hematoxyline and eosin (HE). Duplicate, 4µm thick paraffin sections were also taken on adhesive coated slides for immunohistochemical studies. Histologically, each tumor was classified and identified as mast cell tumor (Grade I, II and III), transmissible venereal tumor and cutaneous histiocytoma. 

2.4 Immunohistochemistry          

2.4.1 Immunodetection system for specific antibodies

All sections were stained by the Peroxidase immunostaining method using a Mouse ExtrAvidin Peroxidase staining kit (Cat. No. EXTRA-2; Sigma-Aldrich, USA) with mouse Monoclonal anti-p53 oncoprotien serum as the primary antibody (Clone No. BP53-12; Product No. 5813; Sigma-Aldrich, USA) and biotinylated anti-mouse Ig G serum as secondary antibody. Antibody localization was determined using 3-amino-9-ethylcarbazol (AEC) substrate as the chromogen. 

2.4.2 Antigen retrieval 

Antigen unmasking on paraffin sections was carried out following the method of Cattoretti et al. (1993) with modifications as described by Pawaiya and Ramkumar (2007). 
2.4.3 Immunohistochemical staining

Immunostaining protocols supplied by the manufacturers along with the antibodies and immuno-detection kits were followed with suitable modifications as per Pawaiya and Ramkumar (2007).
Paraffin-embedded tissue sections were deparaffinized and brought to water by sequential immersion in xylene and graded ethanol concentrations. Sections were then rinsed in distilled water and immersed in antigen retrieval solution (0.01M Citrate buffer, pH 6.0) heated to boil in a microwave oven 3 times for 5 min each and cooled to the room temperature by leaving as such. Endogenous peroxidase activity was quenched by immersion in 3% hydrogen peroxide in absolute methanol for 20 minutes at room temperature and then tissue sections were incubated with 5% normal goat serum (Product No. G9023; Sigma-Aldrich, USA) for 30 min.  The primary antibody was diluted (1:100) in PBS with 1% Bovine serum albumin (Product No. A7030; Sigma-Aldrich, USA) and 0.1% sodium azide (as preservative) and applied adequately (100-150 µl) to cover the moist tissue sections and incubated for 1 hr in a humidified chamber at room temperature (RT). Biotinylated goat anti-mouse IgG antibody (1:15 dilution) was used as secondary antibody with which the sections were incubated for 30 min, followed by incubation in ExtrAvidin peroxidase (1:15) in humidified chamber at RT for 30 min. Working solution of AEC chromogen substrate was applied on moist sections and incubated for 10-15 min or till the brick-red color appeared whichever was earlier. The reaction was terminated by rinsing with distilled water. AEC stained sections were counterstained with Mayer's haematoxylin (Product No. MHS-16; Sigma-Aldrich, USA) and mounted with aqueous mounting medium CC Mount (Product No. C9368; Sigma-Aldrich, USA).
The selected tumor sections for IHC staining, in which the primary antibody was replaced by normal goat serum, were used as negative controls. Each slide acted as an internal positive control, because those cells in the basal layer of the epidermis are normally dividing. All the procedural steps were interceded by washing thrice (5 min each) in phosphate buffered saline (pH 7.4).
Stained sections were examined under light microscope.  Ten fields per tissue section covering highly cellular areas were counted under 40x magnification objective using image analysis software (NIS-Elements AR, Nikon). Brick-red staining within the nuclei of tumor cells was considered to be positive for p53 oncoprotein overexpression. The results were recorded as positive or negative immunolabelled p53 for tumor cells. For each slide, both positively and negatively stained tumor cells were counted and the overall percentage of positively stained tumor cells was calculated. 

2.5 Statistical analysis     
The data obtained were analyzed by the statistical methods (Fisher’s exact test) using a graph pad statistical software (http://www.graphpad.com/quickcalcs/contingency2).
3.0 Results

Based on histological features, tumors were diagnosed as TVT, CCH and MCT. Immunohistochemistry revealed the presence of p53 positively stained nuclei in the neoplastic cells in these tumors (Fig. 1,2&3). Moderate to strong p53-positive nuclear immunoreactiviy was noticed in the TVT (Fig. 1A,B) and CCH (Fig. 2A,B) with more cells showing immunopositivity in the former (39.45±22.82) compared to CCH (19.96±5.39). Canine Mast cell tumors though exhibited almost similar count of immunopositively stained cells (20.09±5.40) like CCH, the intensity of immunostaining was moderate to weak (Fig. 3A,B).
Individually, 7 (36.84%) of 19 TVT specimens, 7 (50%) of 14 CCH specimens and 4 (57.14%) of 7 MCT specimens showed p53-positive immunolabelling (Table 1).  Canine TVT in metastatic sites (liver, spleen, lymph nodes, mammary gland, maxilla, eye orbit and skin) showed significantly (P = 0.0090) more p53-positive immunolabelling compared to TVT located on the primary natural sites. Overall, out of the 40 round cell tumors included in the study 45% (18/40) revealed p53-positive immunoreactivty (Table 1).

4.0 Discussion and conclusions        
The p53 immunohistochemistry indicated moderate to strong p53-positive nuclear immunolabelling in 7 cases of TVT, while 12 of these tumors did not show any immunostaining.  The reason for the negative or weak immunoreactivity of p53 in these specimens may be due to either inactivation of p53 gene in some of the TVT cases examined or inadequate reaction between antihuman p53 antibodies with canine tissues. 

The activation of this protein occurs in response to stress or damage to cellular DNA, causing cell cycle arrest and the induction of senescence or apoptosis. More than 10 mutations in the P53 gene have been described in canine neoplasias (Oren, 1999; Setoguchi et al., 2001), including cases of TVT (Choi and Kim, 2002; Sánchez-Servín et al. 2009; Stockmann et al. 2011). Moro et al. (2010) found more cells that expressed p53 protein in transplanted TVT in the regression phase compared with naturally occurring TVT. These findings suggested that there may be functional abnormalities in the p53 gene and its transcription in these tumors (Stockmann et al. 2011).
Overexpression of p53 protein is a good, but not unique, indicator of mutation in p53 gene (Vogelstein and Kinzler, 1992). Other investigators have indicated that p53 detected by immunohistochemical evaluation was not always mutant (Roels et al., 2001). In human tumors, positive immunohistochemical staining for p53 is often accepted as evidence of an underlying p53 genetic abnormality and as there is limited DNA sequence data available to verify this conclusion in dogs, the potential for detection of the normal p53 protein in this species merits consideration (Wolf et al., 1997). Increased levels of p53 oncoprotein have been detected immunohistochemically in canine mammary tumors, mast cell tumor, osteosarcoma, Sertoli-cell tumor, seminoma, cutaneous histiocytoma, squamous cell carcinoma, perianal gland adenocarcinoma, hemangiopericytoma, apocrine gland, intestinal and nasal adenocarcinomas, and colorectal tumors (Sagartz et al., 1996; Gamblin et al., 1997; Wolf et al., 1997; McEntee and Brenneman, 1999; Ginn et al., 2000; Inoue and Wada, 2000; Jaffe et al., 2000; Setoguchi et al., 2001). 

The intensity and proportion of expression of p53 protein have been considered a potential factor for prognosis in several tumors. A positive correlation was verified between p53 overexpression and prognosis in canine osseous tumors (Sagartz et al., 1996), astrocytomas (Stoica et al., 2004), and mammary tumors (Lee et al., 2004), but not in gastrointestinal mastocytomas (Ozaki et al., 2002), colorectal epithelial tumors (Wolf et al., 1997), and canine and feline melanomas (Roels et al., 2001). 

It has been observed that canine TVT of natural occurrence as well as those TVT resistant to chemotherapy showed the weak reactivity to p53 protein (Moro et al., 2010), suggesting that the p53 gene is not involved in this type of tumor, at least alone, with resistance to chemotherapy (Harris and Hollstein, 1993). In present study p53-negative immunostaining for TVT cases found on natural sites (penis, prepuce, vulva, and vagina) are consistent with the observations of Moro et al. (2010). On the other hand, strong p53-positive nuclear immunolabelling was observed in TVT metastasized to other visceral organs (such as liver, spleen, mammary glands, lymph nodes, eye orbit etc), indicating the higher degree of malignant behavior of the tumors. In present study strong p53-positive nuclear immunoreactivity was observed in 3/7 TVT metastasized to other visceral organs which is consistent with the findings of earlier workers (Jaffe et al. 2000; Muto et al., 2000; Sagartz et al., 1996). These findings suggested that p53 immunolabelling could be useful in determining the degree of malignant behavior, and thus the prognosis of canine transmissible venereal tumors.

Conclusively, malignant TVT exhibited the highest percentage of immunoreactivity with p53, and a significant difference was observed with non-metastatic TVT. Non-metastatic TVT located in natural sites showed either negative or low reactivity to p53 protein. 
Canine cutaneous histiocytoma (CCH) is another common round cell tumor which has almost histological features similar to TVT. Out of 14 cases of the CCH, 7 (50%) showed positive immunoreactivity to p53. Mostly the tumor cells revealed low to moderate staining intensity, ranging from 13.86% to 29.4%. Overexpression of p53 in CCH has been observed by several workers, with varied degree and intensity of immunolabelling varied significantly (Gamblin et al., 1997; Pawaiya, 2005). Pawaiya et al. (2008) recorded strong immunoreactivity to p53 in a rare case of cutaneous histiocytoma in a buffalo. The observation of moderate overexpression of p53 in half of the CCH cases in the present study indicates the benign nature of the tumor as compared to the higher immunostaining intensity observed in malignant TVT.

Among the 7 cases of mast cell tumors, one was histopathologically diagnosed as a grade-II MCT while the other 6 were grade-I MCTs. Four of the 6 grade I MCT showed positive immunostaining for p53. Our findings of 57% positivity of MCT for p53 overexpression exceeded those reported by Ginn et al. (2000) and Gamblin et al. (1997) who reported positivity of 47% (25/53) and 25% (4/16), respectively.          

In this study, the percentage of tumor cells exhibiting p53-positive nuclear immunolabelling for MCT ranged from 12.68% to 25.56%. Jaffe et al (2000) observed a significantly greater percentage of mast cells staining for p53 in grade III tumors than grade I and II tumors, but no difference between grade I and II tumors. They suggested that the overlap of the ranges of the percentage of p53-stained cells made this criterion unreliable for discriminating between histologic grades. They also noticed a high percentage of cells staining for p53 in some grade I MCTs, whereas a very low percentage in some grade III tumors.  Previous subjective clinical observations have suggested that some grade I mast cell tumors behave malignantly while some grade III mast cell tumors behave benignly (Bostock, 1973; Patnaik et al. 1984).  Our findings show that immunohistochemical staining for p53 offers no advantage over histopathologic grade with regard to the association with survival time or time to recurrence (prognosis) which concurs with the observation of Ginn et al. (2000).  
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Table 1. Overall p53 immunostaining results in 40 cases of round cell tumors (Canine transmissible venereal tumor (TVT), canine cutaneous histiocytome (CCH) and mast cell tumor (MCT).
	Sl No.
	Tumor Type
	Total No. of cases
	p53 immunostaining

	
	
	
	No. of positive     cases (%)
	% Positive Count

Mean ± SE

	1.
	TVT
	19
	7 (36.84%)
	39.45 ± 22.82

	2.
	CCH
	14
	7 (50.00%)
	19.96 ± 5.39

	3.
	MCT
	7
	4 (57.14%)
	20.09 ± 5.40

	Total
	40
	18 (45.00 %)
	27.57 ± 17.16
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Fig 1. Canine transmissible venereal tumor. Moderate to strong p53-positive nuclear immunolabelling in the tumour cells. Note vivid brick red colored immunostaining of nuclei of tumor cells in B. A- 10x and B- 40x magnification. Immnuoperoxidase stain with AEC chromogen and Mayer’s hematoxylin counterstain. 
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Fig 2. Canine cutaneous histiocytoma. Moderate p53-positive nuclear immunolabelling in the tumour cells. A- 10x and B- 40x magnification. Immnuoperoxidase stain with AEC chromogen and Mayer’s hematoxylin counterstain. 
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Fig 3. Canine mas cell tumor. Weak to moderate p53-positive nuclear immunolabelling in the tumour cells. Note brick red colored immunostaining of nuclei of tumor cells in B. A- 10x and B- 40x magnification. Immnuoperoxidase stain with AEC chromogen and Mayer’s hematoxylin counterstain. 
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