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Summary p21/WAF1 expression was studied in a series of 162 colorectal carcinoma patients and its relation to p53- and activator protein
(AP)-2 expressions and to stage as well as survival was assessed. p21 expression was moderate or intense in 33% of the tumours, and 53%
of the tumours had moderate or strong p53 staining intensity. Eighty-nine percent of the tumours showed a weak cytoplasmic AP-2 signal. As
expected, p21 and p53 stainings were inversely related to each other (P < 0.001). There was a significant positive association between p21
and AP-2 expression levels (P = 0.01). p21 intensity and percentage were higher in Dukes’ A and B stages (P < 0.001). The cancer-related
survival and recurrence-free survival (RFS) rates were significantly lower among patients with a low signal for p21 (P < 0.001) and low p21
percentage in tumour epithelium (P < 0.001). High p53 staining intensity in tumour epithelium predicted poor survival (P = 0.01) and RFS
(P = 0.003). In the multivariate analysis, p21 percentage distribution independently predicted cancer-related survival in all cases, and p21
expression intensity in T1–4/N0–3/M0 and T1–3/N0/M0 cases. p21 percentage distribution was an independent predictor of RFS in all and
T1–3/ N0/M0 cases. AP-2 staining did not reach any prognostic significance. These results suggest that the immunohistochemical detection
of cyclin-dependent kinase inhibitor p21 could be used to predict more precisely the outcome of colorectal cancer patients.
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Patients


     

         
         



         
        
     
        
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Table 1 Clinicopathological data of the patients

Number of patients 162
Mean age of patients (± s.d.) (range) 65.4 (±11.0) (35.0–88.0)
Sex (females/males) (81/81)
Mean (± s.d.) follow-up years 14.0 (±3.8)
Type of primary treatment

Operation 162
Operation+chemotherapy 22
Operation+radiotherapy 17
Surgical treatment
Total colectomy 6
Hemicolectomy 40
Anterior resection of rectum 42
Abdominoperineal resection of rectum 31
Local excision 5
Resection of sigmoid 24
Exploratory laparotomy 14

T-category: Tis, 1, 2, 3, 4, X 2, 10, 26, 106, 16, 2
N-category: 0, 1, 2, 3, X 106, 32, 16, 4, 4
M-category: 0, 1 117, 45
Histological grade: 1, 2, 3 43, 96, 23
TIL grade: 0, 1, 2, 3 10, 100, 44, 8
Dukes’: 0, A, B, C, D 2, 27, 62, 26, 45
     


        





Histology


    
        


     µ    

 


Immunohistochemistry and detection of p21, p53 and
AP-2

     
 
  
×  
          
×  
   °      
       
   
         
      

 
      ×    
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    
         
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         
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
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
       
          



       
    µ    
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

   
         
          


Analysis of lymphocyte density



          
    ×  

         

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Figure 1 Immunohistochemical staining for p21 and AP-2 in human colon
carcinoma. (A) A sample with tumour cells intensely positive for p21. Note
the nuclear staining pattern (B) A sample with weak nuclear p21 staining
intensity in tumour cells. (C) A sample with cytoplasmic AP-2 staining in
tumour cells. Bar = 60 µm

Table 2 Expression of p21, p53 and AP-2 in colorectal cancer

Immunostaining Intensity (n) (%) Percentage fraction (n) (%)

p21 0 (40) (25) ≤ 10 (81) (50)
1 (69) (42) > 10 (81) (50)
2 (53) (33)

p53 0 (8) (5) ≤ 20 (35) (22)
1 (67) (42) > 20 (127) (78)
2 (87) (53)

AP-2 0 (18) (11) ≤ 30 (74) (46)
1 (144) (89) > 30 (88) (54)



         



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          
      
×      µ  
     


 

Statistical analysis

       
         
        
χ 

        
        



         



P  P  
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Expression of p21, p53, and AP-2
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Table 3 Correlation between p21 expression intensity, percentage
distribution in tumour epithelium and Dukes’ classification, tumour grade and
p53

p21 intensity 0 1 2 p21%
n (%) n (%) n (%) (%) (± s.d.)

Dukes (n)
0 (2) 0 (0) 0 (0) 2 (4) 25 (7)
A (27) 1 (3) 7 (10) 19 (36) 30 (22)
B (62) 15 (37) 21 (30) 26 (49) 16 (17)
C (26) 10 (25) 10 (15) 6 (11) 12 (13)
D (45) 14 (35) 31 (45) 0 (0) 8 (10)

χ2 = 50.7, P < 0.001a F = 8.3, P < 0.001b

Tumour grade (n)
1 (43) 10 (25) 14 (20) 19 (36) 18 (19)
2 (96) 24 (60) 42 (61) 30 (57) 14 (18)
3 (23) 6 (15) 13 (19) 4 (7) 13 (16)

χ2 = 2.42, P = 0.11a F = 0.92, P = 0.40b

p53 intensity (n)
0 (8) 5 (13) 2 (3) 1 (2) 4 (7)
1 (67) 9 (23) 21 (30) 37 (70) 23 (20)
2 (87) 26 (64) 46 (67) 15 (28) 10 (14)

χ2 = 34.6, P < 0.001a F = 8.3, P < 0.001b

aχ2 test; b Analysis of variance.

Table 4 Correlation between p21, M/V index and AP-2 expression in
colorectal carcinoma

Variables n Spearman’s Two-tailed
correlation significance
coefficient

p21 vs. M/V index 162 –0.233 0.003
p21 vs. AP-2 162 0.195 0.013
p21 vs. p53 162 –0.114 0.018
p53 vs. M/V index 162 –0.003 0.971
p53 vs. AP-2 162 –0.014 0.836
AP-2 vs. M/V index 162 0.051 0.516
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Figure 2 The survival of 162 patients categorized according to the p21
expression intensity in tumour epithelium. The difference between the curves
is significant (χ2 = 48.7, P < 0.001, Curve 0 and 1 = p21 intensity 0 and 1,
n = 109; curve 2 = p21 intensity 2, n = 53)
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Correlation of p21, p53, and AP-2 to other prognostic
factors
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Univariate survival analysis
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Figure 3 The recurrence-free survival of 117 patients categorized
according to the p21 expression intensity in tumour epithelium. The
difference between the curves is significant (χ2 = 23.9, P < 0.001, Curve 0
and 1 = p21 intensity 0 and 1, n = 64; curve 2 = p21 intensity 2, n = 53)

Figure 5 The recurrence-free survival of 117 patients categorized
according to the p21 percentage fraction in tumour epithelium. The difference
between the curves is significant (χ2 = 14.6, P < 0.001, Curve ≤ 10% = p21%
≤ 10, n = 51; curve > 10% = p21% > 10, n = 66)
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Figure 4 The survival of 162 patients categorized according to the p21
percentage fraction in tumour epithelium. The difference between the curves
is significant (Χ2 = 12.5, P < 0.001, Curve ≤ 10% = p21% ≤ 10, n = 81; curve
> 10% = p21% > 10, n = 81)
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


    n      
       
  P  
P 
    
P 
n 
P 
P P 
          
P 
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Table 5 Independent predictors of survival and recurrence-free survival in
Cox’s analysis. Multivariate analysis included cases with a complete data set
available

Category β (s.e.) P Hazard rate (95% CI)

Survival
All cases (n = 162)

Dukes 0.688 (0.135) < 0.001 1.99 (1.53–2.60)
Grade 0.615 (0.230) 0.007 1.85 (1.18–2.90)
p21% –0.029 (0.011) 0.01 0.97 (0.95–0.99)
TILs –0.643 (0.232) 0.006 0.53 (0.33–0.83)

T1–4/N0–3/M0 (n = 117)
p21 intensity –0.712 (0.213) 0.001 0.49 (0.32–0.74)
M/V index 0.080 (0.036) 0.03 1.08 (1.01–1.16)
N-category 0.833 (0.256) 0.001 2.30 (1.39–3.80)

T1–3/N0/M0 (n = 84)
Age 0.075 (0.029) 0.01 1.08 (1.02–1.14)
Tumour site –1.022 (0.474) 0.03 0.36 (0.14–0.91)
M/V index 0.173 (0.055) 0.002 1.19 (1.07–1.32)
p21 intensity –1.105 (0.314) <0.001 0.33 (0.18–0.61)

Recurrence-free survival (n = 117)
T1–4/N0–3/M0

N-category 0.780 (0.217) <0.001 2.18 (1.43–3.34)
p21% –0.035 (0.011) 0.001 0.97 (0.94–0.99)

T1–3/N0/M0 (n = 84)
p21% –0.045 (0.014) 0.001 0.96 (0.93–0.98)

Significance level P < 0.05; β = coefficient of the regression model;
s.e. = standard error of β; CI = confidence interval



         

    





         


         


        



          

    
        





        

British Journal of Cancer (1999) 81(1), 133–140




           


       
















     



        


            
         

    






        

          
         
        



 
        



          



           

        

        
© 1999 Cancer Research Campaign



p21/WAF1, p53 and AP-2 in colorectal carcinoma 139



        



         
          
       





        
       
       
           


       
        
         




        
        


      
      

 



      

        







         



REFERENCES



Br J Cancer 79




Int J Gynecol Pathol 16


 
© 1999 Cancer Research Campaign
Cancer Res 55


J Cell Physiol
173




 β
Clin Cancer Res 4



Proc Natl Acad Sci USA 92



J Pathol 181



Br J Urol 79




Clin
Cancer Res 2


Cancer Res 55



Br J Cancer
77

J Roy Stat Soc B
34


Breast Cancer Res Treat 43



 
J Pathol
179




Clin Cancer Res 2



Br J Cancer 76


Biochem Biophys Res Commun 243



Histopathology
15

TNM Classification of Malignant Tumours




J Pathol 183





J Clin Oncol 15



J Pathol 183



J Clin Oncol 16


 
Br J Cancer
79



Oncogene 10
British Journal of Cancer (1999) 81(1), 133–140



140 KM Ropponen et al


Genes Dev 9



J Natl Cancer Inst 51


 
Int J
Cancer (Pred Oncol) 69



Br J
Cancer 75



Cancer Res 54



Hum Pathol 28


 
Science 267


Genes Dev 10




 
J Pathol 184

British Journal of Cancer (1999) 81(1), 133–140


J Pathol 182


 
Hum Pathol 27



 
Br J Cancer 74



Int J Cancer 62


Ann Surg 166



J Cancer Res Clin Oncol 123


 
Int J Gynecol Pathol 16


 
Pathol Int 47




Cancer Res 55


 Nat Genet 15
© 1999 Cancer Research Campaign


	p21/WAF1 expression in human colorectal carcinoma: association with p53, transcription factor AP-2 and prognosis
	MATERIALS AND METHODS
	Patients
	Histology
	Immunohistochemistry and detection of p21, p53 and AP-2
	Analysis of lymphocyte density
	Mitotic indices
	Statistical analysis

	RESULTS
	Expression of p21, p53, and AP-2
	Correlation of p21, p53, and AP-2 to other prognostic factors
	Univariate survival analysis
	Multivariate analysis

	DISCUSSION
	ACKNOWLEDGEMENTS




