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Abstract

Objectives: This study was carried out to determine the role of p53 and p21 in the pathogenesis of 
prostatic adenocarcinoma and their association with tumour grade.  Method: Sixty-seven histologically 
confirmed prostatic adenocarcinoma cases collected from Hospital Universiti Kebangsaan Malaysia 
and General Hospital Kuala Lumpur were studied. The formalin-fixed paraffin-embedded tissues were 
stained with monoclonal antibody p53 (clone DO-7) and p21 (clone SX II8) using standard avidin-
biotin complex immunohistochemistry (IHC) after microwave antigen retrieval. The adenocarcinomas 
were graded histologically according to Gleason score: low grade = score 2-4, intermediate grade = 
score 5-7, high grade = score 8-10.  Histological grade was analysed against IHC expressions of p53 
and p21 and against patient age and ethnicity. Results: IHC positivity for p53 was expressed in 1/2 
(50%) low grade, 14/33 (42%) intermediate grade, and 21/32 (66%) high grade tumours.  p21 was 
expressed in 0/2 low grade, 16/33 (48%) intermediate grade and 15/32 (47%) high grade tumours.  
p53 and p21 expressions did not show statistically significant correlation with the different grades 
of prostatic adenocarcinoma or with each other (p=0.42).   There was no correlation between tumour 
grade and age or ethnicity. Conclusion:  Although the p53 positivity rate was higher in high-grade 
prostate adenocarcinoma, this was not statistically significant. We found that a combined expression 
of p21 and p53 was not correlated with tumour grade.  We could not confirm that p21 expression 
was dependent on p53 expression.
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INTRODUCTION

Tumour suppressor gene p53, located in 
chromosome 17, is the most common target 
for mutation in many cancers. The encoded 
protein plays a crucial role in the regulation 
of cell proliferation. It is present in two forms, 
wild type and mutant type. The wild type has a 
half-life of less than 30 minutes and is virtually 
undetectable in normal cells.1,2,3  In recent years, 
p21 protein has been described as the critical 
downstream effector in the p53-specific pathway 
of growth control. It belongs to the family of cell 
cycle regulators called cyclin-dependent kinase 
inhibitors (CDK1) which bind to “cyclin-CDK” 
complexes and cause cell cycle arrest in the G1 
phase. The p21 protein is encoded by the ‘wild-
type p53 activated fragment 1’ (waf-1) gene, 
which is a tumour suppressor gene, located on 
chromosome 6p21.2. Transcription of p21 has 
been found to be activated by wild-type p53, 
but not by mutant p53.4,5 

 In view of the importance of these genes in 
tumour growth control, we studied their protein 
expressions, alone and in combination, in prostate 
carcinoma in relationship to tumour grade and 
sought to prove that the combined evaluation 
of p53 and p21 expression may provide better 
prognostic information than the evaluation of p53 
alone. We also studied the relationship of tumour 
grade with age and ethnicity of patients.

MATERIALS AND METHODS

Sample collection and patient selection
There were 75 prostatic adenocarcinoma 
cases archived between January 1999 and 
July 2000 in the files of the Department of 
Pathology, General Hospital Kuala Lumpur and 
Universiti Kebangsaan Malaysia. The specimens 
were transrectal ultrasound (TRUS) biopsies, 
transurethral resections of prostate (TURP) 
or radical prostatectomies. Eight cases were 
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excluded from the study due to inadequate tissue 
for further sectioning. All haematoxylin and eosin 
slides were re-examined by two pathologists to 
confirm the diagnosis. 

Gleason score
The histological slides were reviewed under light 
microscopy and scoring made after summation of 
the two highest Gleason grades. The cases were 
divided into three groups: low grade (Gleason 
score 2-4), intermediate grade (Gleason score 
5-7) and high grade (Gleason score 8-10). 

Age and ethnic groups 
Information on age and race were obtained from 
the accompanying request form or patient’s 
medical record. The age was categorised into 
70 years and above, and below 70 years. 

Immunohistochemical staining for p53 and p21
The primary anti-p53 and anti-p21 antibodies 
were monoclonal antibodies supplied by DAKO 
Company Ltd of DO-7 and SX118 clones 
respectively. The dilution used in this study was 
1:40 for both markers. 
 Method:  The selected paraffin blocks were 
sectioned at five micron thickness and placed on 
Poly-L-Lysine coated slides. The sections were  
deparaffinized through a series of xylene and 
alcohol at decreasing concentration. For p53, 
the slides were microwaved immersed in zinc 
sulphate for ten minutes, whereas for p21 staining 
the slides were placed in 10 mmol/L sodium 
citrate buffer and microwaved twice for 5 minutes 
followed by 20 minutes at room temperature 
for antigen retrieval purposes. The sections 
were then immersed in 3% hydrogen peroxide 
to block endogenous peroxidase followed by 
incubation in diluted goat serum 1:4 with tris 
buffer for 5 minutes to block non-specific binding 
of tissue sections.  Sections were then incubated 
in primary antibody at a dilution of 1: 40 for 45 
minutes for both antibodies. After washing a few 
times with buffer, three drops of link antibody 
were applied to the sections for 20 minutes. 
Incubation with an avidin-biotin complex 
conjugated to horseradish peroxidase followed 
by 3,3-diaminobenzidine as a chromogen was 
then performed. The slides were counterstained 
with haematoxylin, dehydrated, mounted and 
examined under light microscopy. 
 Control staining: A colonic adenocarcinoma 
known to show p53 expression was used as 
positive control and normal human tonsil was 
used as a positive control for p21.  These were  

stained concurrently with the tests. For negative 
control, the same tissue controls were used 
but with the primary antibodies omitted. The 
tests with satisfactory control staining were 
analysed.

Scoring for p53 and p21
A representative area with at least 500 tumour 
cells was assessed in ten high power fields (x 
40) for the presence or absence of staining by 
two pathologists.  The degree of positivity was  
was categorized as follows:

 P53 
 < 5% of cells  =  Negative
 5-25% of cells  =  1+
 >25-75% of cells =  2+ 
 > 75% of cells =  3+ 

At least five percent of tumour cells must stain 
positively for p53 to be regarded as positive.6 

 P21
 < 1% of cells =  Negative 
 1-5% of cells =  1+ 
 >5-10% of cells =  2+ 
 >10-20% of cells =  3+ 
 >20% of cells =  4+  

A tumour was considered p21 positive if 
more than one percent of tumour cells stained 
positive.6   Weak and equivocal staining for both 
markers were re-evaluated and if an equivocal 
result were again obtained, it was regarded as 
negative. Only nuclear staining was considered 
as positive staining whereas cells showing 
exclusively cytoplasmic staining were regarded 
as negative.

Statistical analysis
The results were analysed using SPSS for 
Windows software. Comparison between groups 
were performed using chi-square test, and Fishers 
exact test was used when appropriate, with 
confidence level of 95% (p<0.05) for statistical 
significance.

RESULTS

Of the 67 cases, two (3%) cases were low-grade, 
33 (49%) intermediate grade and 32 (48%) high-
grade tumours. 

p53 immunohistochemistry
p53 expression (Figure 1) was detected in 36 
(54%) out of 67 cases.  The majority of cases 
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FIG 2:  Positive nuclear staining for p21 in prostatic adenocarcinoma. Original magnification x 200

FIG 1: Strong and diffuse nuclear staining for p53 in prostatic adenocarcinoma. Original magnification x 200
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(78%) had more than 25 percent positive staining 
among the tumour cells. Of the positive cases, 
only one (3%) was a low-grade tumour. 14 (39%) 
were intermediate grade and 21 (58%) were 
high-grade. There was no significant correlation 
between p53 scores and different tumour grades 
(p=1.00, 0.07 and 0.06 respectively). The results 
are shown in Table 1. 

p21 immunohistochemistry
Positive staining for p21 (Figure 2) was noted in 
31 (46%) of 67 cases.  The majority of positive 
tumours showed a low percentage of positive 
cells (Table 1) in that 27 (87%) were in category 

1+ and 2+. Of the 31 cases that showed positive 
staining, 15 (48%) were intermediate grade 
and 16 (52%) high-grade tumours (Table 1). 
There was no p21-positive low-grade tumour. 
Statistical analysis showed that there was no 
significant correlation between p21 scoring and 
different tumour grades (p=0.50, 0.72 and 0.92 
respectively).

Relationship of p53 and p21 scoring with tumour 
grades
Table 2 shows the relationship of combined 
p53 and p21 expressions with tumour grade. 
Pearson chi-square test showed that there is no 

TAbLE 1: Percentage of p53 and p21 staining against tumour grade in prostatic 
adenocarcinoma 

Parameter  Gleason score Total  TotalTotal

 Low Intermediate High
 grade  grade  grade  

p53  

Negative   (< 5%) 1 19 11 31

Positive    

1+   (5-25% of cells) 0 3 5 8

2+   (> 25-75% of cells) 1 8 8 17 1 8 8 171 8 8 17

3+   (> 75%) 0 3 8 11 0 3 8 110 3 8 11

Total Positive 1 14 21 36 1 14 21 361 14 21 36

Total 2 33 32 67 2 33 32 672 33 32 67  
    

p21/Waf-1    

Negative (< 1%) 2 17 17 36

Positive    

1+  (1-5% of cells) 0 12 9 21

2+  (> 5-10% of cells) 0 3 3 6 0 3 3 60 3 3 6

3+  (> 10-20% of cells) 0 1 1 2 0 1 1 20 1 1 2 

4+  (> 20%) 0 0 2 2 0 0 2 20 0 2 2

Total positive 0 16 15 31 0 16 15 310 16 15 31

Total 2 33 32 67 2 33 32 672 33 32 67

Relationship of p53 expression and tumour grade (Fisher’s Exact test): Low grade p=1.00, Intermediate grade p=0.07, 
High grade p=0.06. 
Relationship of p21 expression and tumour grade (Fisher’s Exact test): Low grade p=0.50, Intermediate grade p=0.72, 
High grade p=0.92.
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TAbLE 2: Relationship of p53 and p21 staining and tumour grades in prostatic 
adenocarcinoma

 Low grade Intermediate grade High grade TotalLow grade  Intermediate grade  High grade  Total 

p53 + / p21 + 0 6 (P=0.42) 9(p=0.28) 15 0 6 (P=0.42) 9(p=0.28) 150 6 (P=0.42) 9(p=0.28) 15 

p53 + / p21 –� 1(p=0.53) 8 (p=0.22) 12 (p=0.30) 21 1(p=0.53) 8 (p=0.22) 12 (p=0.30) 211(p=0.53) 8 (p=0.22) 12 (p=0.30) 21 

p53 –� / p21 + 0 10 (p= 0.22) 6 (p= 0.35) 16 0 10 (p= 0.22) 6 (p= 0.35) 160 10 (p= 0.22) 6 (p= 0.35) 16 

p53 –� / p21 –� 1 9 5 15 1 9 5 151 9  5 15 

Total 2 33 32 67 2 33 32 672 33 32 67

relationship between p53 and p21 scores with 
tumour grades for all combinations (p> 0.05).  
Fifty-two of the 67 tumours showed p53 or p21 
positivity either alone or in combination.  15 
(22%) cases were positive for both. 21 (31%) 
cases were only p53 positive and 16 (24%) cases 
were only p21 positive. 

Age and ethnic groups 
The age of patients at diagnosis ranged from 53 to 
89 years (mean = 70 years). There were 32 (48%) 
patients below 70 years of age and 35 (52%) 
aged 70 years and above. Statistical analysis of 
age group and different tumour grades (Table 3) 
showed no significant correlation (p = 1.00, 0.71 
and 0.73 respectively).  33 patients were (49%) 
Malay, 20 (30%) were Chinese and 14 (21%) 
Indian.  Analysis of race and tumour grades 
(Table 3) also showed no significant association 
(p = 0.24, 0.80 and 0.95 respectively). 

DISCUSSION

The tumour suppressor gene, p53 has been 
extensively studied in prostate cancer. The 
p53 gene has been mapped to the short-arm of 
chromosome 17 at 17p13. This is a commonly 
deleted area in many human tumours, and recent 
studies have shown that the remaining p53 allele 
frequently harbours point mutations.7,8   By 
this process, the normal p53 protein product 
is lost from tumour cells and can contribute to 
oncogenesis in many neoplasms. 
 Many studies have shown that mutations in 
p53 were less prevalent in prostate cancer in 
contrast to other neoplasms, and that loss of p53 
function may be a late event in prostatic cancer 
progression8,9,10  and is a significant secondary 
event in a subset of highly malignant prostatic 
cancers. 

 Expression of p53 was noted in 54 percent of 
our studied cases. Among these, 58 percent were 
from high grade, 39 percent from intermediate 
grade and three percent from low-grade tumours. 
The rest of the cases (46 percent) were negative. 
Although statistical analysis show p53 scores 
between grades were not significant, we could 
see that the percentage of positivity was higher 
towards higher tumour grade.  p53 expression in 
this present series was slightly higher compared 
to other reported studies which showed positivity 
rates of  10 to 22 percent. The higher proportion 
of tumours with positive staining for p53 in this 
present study may be related to the use of anti-
p53 (clone DO7) and antigen-retrieval methods 
used in our laboratory. Findings of higher p53 
expression in prostatic adenocarcinoma was also 
found by Byrne et al6 who also used anti-p53 
(clone DO7)  and a similar method of antigen 
retrieval.
 To our knowledge, there is scanty published 
research on the cell cycle regulators particularly 
p21 protein in prostatic tissue. A study by Adsay 
et al 11 showed p21-positivity in normal prostatic 
epithelium in 3 percent of cases, in 15 percent 
of high grade prostatic intraepithelial neoplasia 
(PIN) and 37 percent of adenocarcinoma. His 
data showed significant p21 expression in the 
neoplastic tissue. Data from other studies showed 
a significant correlation between lack of p21 
expression and advanced tumour stage and higher 
Gleason score.12 However our findings did not 
support the above findings.  In our study, there 
was nearly equal distribution of p21 positivity 
between intermediate grade (52 percent) and 
high-grade tumours (48 percent).  No low-grade 
tumours expressed p21. The finding of elevated 
p21 expressions in some cancers and high 
grade tumours may be discordant with initial 
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observations that p21 can arrest the cell cycle. 
There have been reports showing increased in p21 
expression in non-small cell lung carcinoma,13  
hepatocellular carcinoma14 and head and neck 
cancer.15 Therefore, even though p21 may play a 
role in cell cycle arrest, the interrelationship with 
the other tumour suppressor proteins is complex 
or p21 alone may not be sufficient to arrest the 
cell cycle and inhibit tumour growth. 
 The relationship of p53 and p21 in the cell 
cycle regulation in mouse and human tissue 
revealed complex interaction between both genes. 
It was demonstrated that DNA damage activates 
p21 transcription in a p53-dependent manner 
in human diploid fibroblast and human thyroid 
epithelial cells 7 leading to either growth arrest 
or apoptosis. Studies had shown that there is 
interrelationship between p53 and p21, in which 
p53+/  p21- phenotype confers a worse prognosis 
which correspond to a situation in which p53 is 
overexpressed but lacks  transcriptional activity 
because of mutational or functional inactivation. 
Likewise the best prognosis occur in p53-/p21+ 
phenotype with the assumption that p21 may 
be activated by wild type p53 and induce cell 
arrest and apoptosis.16  In our study this trend and 
correlation were not observed and statistically 
not proven. The possible explanations  for this 
include the p53 primary antibody (clone DO7) 
used was also detecting wild type p53 instead 
of mutant type alone as has been found by other 
investigators. Secondly, p21 protein expression 
may be transcribed and activated through an 
alternative p53 independant pathway. Studies 
have shown that epidermal growth factor and 
fibroblast growth factor can induce expression of 

p21 in p53 deficient cells.17  Thirdly, the number 
of cases included in this study are small and are 
not adequate for satisfactory statistical analysis 
for each category. 
 Because of the ethnic diversity of our 
population, we considered the racial and  age 
distribution of patients in association with tumour 
grades. Our findings showed that age group 
distributions were about the same in number and 
no association with tumour grades was noted. 
The racial distribution reflected that of the local 
population.  Because of the small  number of 
patients, our findings were not conclusive.
 In conclusion, we do not see a significant 
correlation and interaction between p53 and p21 
expression in different tumour grades in prostatic 
carcinoma. The overexpression of p53 seen in 
this study was consistent with other studies 
while overexpression of p21 suggests expression 
through a p53-independent pathway. While p53 
expression may show a propensity towards high 
grade tumours, the role of p21 expression in 
prostate cancer remains to be determined due 
to complex interaction between both genes in 
the cell cycle.
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TAbLE 3 :  Correlation between tumour grade, age and race in prostatic adenocarcinoma

 Low grade Intermediate grade High grade TotalLow grade  Intermediate grade  High grade  Total

Age (< 70 yr) 1 15 16 32 1 15 16 321 15 16 32

Age (= and > 70 yr) 1 18 16 35 1 18 16 351 18 16 35

Malay 2 15 16 33 2 15 16 332 15 16 33

Chinese 0 11 9 20 0 11 9 200 11 9 20

Indian 0 7 7 14 0 7 7 140 7 7 14

Total 2 33 32 67 2 33 32 672 33 32 67

Relationship of age and tumour grade (Fisher’s Exact test): Low grade p=1.000, Intermediate grade p=0.71, High grade 
p=0.73. 

Relationship of race and tumour grade (Fisher’s Exact test): Low grade p=0.24, Intermediate grade p=0.80, High grade 
p=0.95.
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