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Background – Alteration in the expression of p53 tumor-suppressor protein is an event that 
occurs frequently in human cancer, but the practical implications of this phenomenon are yet to be 
fully exploited.  The objective of this study was to determine the value of p53 accumulation as a 
marker of tumor progression and the relationship between p53 overexpression and clinico-
pathologic variables in gastric cancer.   

Methods – The expression of p53 was studied immunohistochemically in 52 gastric 
carcinomas using paraffin-embedded gastric tumor tissues. DO7, a monoclonal antibody to p53 
protein, was used for the immunohistochemical analysis.  The correlation between p53 expression 
in gastric tumor tissues and clinicopathologic variables was analyzed. 

Results – P53 positivity was found in 75% of gastric carcinoma cases.  A significant correlation 
between the rate of p53 overexpression and tumor histologic type (p = 0.001), depth of invasion (p 
value = 0.037), and tumor grade (p = 0.000) was found in the gastric tumors. There was no 
significant association between p53 protein accumulation and lymph node status (p = 0.591). 

Conclusion – These results suggest that the preoperative assessment of p53 expression in 
gastric carcinomas can be helpful to identify patients at high risk of higher grades and more 
advanced tumors. P53 immunoreactivity cannot, though, predict lymph node status in patients with 
gastric carcinoma. Furthermore, p53 overexpression is related to gastric cancer progression. 
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Introduction 

 
53 is a tumor-suppressor gene located on 
the short arm of chromosome 17 and has 
an important function in the regulation of 

the cell cycle and in promoting tumorigenesis.1, 2 
This gene encodes for the p53 protein, which 
increases the time necessary for DNA repair by 
slowing down the cell cycle at the G1-S transition, 
and suppresses tumor growth by causing 

apoptosis.3, 4 Alteration or inactivation of p53 by 
mutation can allow a cell to escape from normal 
into uncontrolled growth leading to cancer 
development. P53 mutations are a very common 
genetic change in a variety of human tumors.4, 5  
The wild-type p53 protein has a short half-life and 
is removed rapidly from the nucleus.  On the 
contrary, mutant p53 with a prolonged half-life 
accumulates in the nucleus, where it is detectable 
by immunohistochemistry. Therefore, the 
accumulation of the p53 protein may be considered 
an indicator of p53 gene mutation.1, 5 Although p53 
expression has been studied in various human 
malignant neoplasms including colorectal,5, 6 
breast,7, 8 and gastric carcinomas,9 – 12 there are no 
published studies that have examined the 
relationship between p53 expression and 
clinicopathologic    features.    In   this    study,   
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we evaluated the immunohistochemical expression 
of p53 in gastric cancer, and assessed the 
relationship between p53 expression and 
histopathologic features. 
 

Patients and Methods 
 
Archival, formalin-fixed, paraffin-embedded 

gastric carcinoma tissue samples were randomly 
selected.  A total of 52 gastric carcinoma 
specimens (36 male patients; median age = 60 
years; age range 26 – 76 years) were obtained.  
These patients had undergone partial or total 
gastrectomy between January 1998 and November 
2000.  A section from the specimen blocks was 
stained with hematoxylin and eosin for histologic 
evaluation and representative blocks were chosen 
for immunostaining.  Sections from colonic 
cancers were used as a positive control, and for 
negative control, the primary antibody was omitted 
when the serial sections from each tissue were 
stained. An experienced observer without 
knowledge of the staining results examined the 
tumors. The presence of various types of 
adenocarcinoma (intestinal, diffuse, and mixed 
types), was determined using the Lauren system.13  

Intestinal type tumors were graded as either well- 
or moderately-differentiated, according to the 
predominant pattern in the tumor.  Mixed tumors 
had elements of both intestinal and diffuse 
patterns.  Tumor staging was in accordance with 
the unified tumor, lymph, node, and metastasis 
(TNM) criteria for gastric cancer.14  

  
Immunohistochemistry  

Four-micrometer-thick sections were dewaxed 
and processed for immunohistochemistry. A 
pretreatment using a microwave method for 

antigen retrieval was performed to reveal p53 
antigens.  The sections were stained using the 

streptavidin-biotin-peroxidase complex method 
(Dako LSAB®2 System, Peroxidase Kit, 
Denmark).  The sections were rinsed in phosphate-
buffered saline (PBS), and were then incubated for 
15 minutes with primary monoclonal antibody 
anti-p53 (DO-7, Dakopatts, Denmark) at room 
temperature.  The sections were again washed in 
PBS and incubated with biotinylated link 
antimouse and antirabbit immunoglobulin 
(Dakopatts, Denmark) for 15 min. The sections 
were rinsed once again in PBS, and streptavidin-
biotin-peroxidase complex (Dako, Denmark) was 
applied for 15 min. After washing in PBS, 3, 3´-
diaminobenzidine tetrahydrochloride was used as 
the chromogen for 10 min. The sections were then 
washed in distillated water and counterstained with 
Mayer's hematoxylin, and dehydrated before 
mounting.  All sections were evaluated without 
knowledge of the clinical outcome of the patients.  
The degree of staining was classified into four 
groups according to the intensity and percentage of 
tumor cell nuclei that stained positive: < 5% as 
negative, 5 – 20% mild positive (1+), 20 – 50% 
moderate positive (2+), and > 50% strong positive 
(3+) (Figure 1).  

  
Statistical analysis 

The Kruskal-Wallis test was used to investigate 
a correlation between p53 positivity and 
clinicopathologic variables.  A p value of < 0.05 
was considered statistically significant.  The 
following variables were included in this study: 
tumor grade (G1, G2, G3), depth of invasion (T1, T2, 
T3), lymph node status (N0, N1, N2), and type of 
tumor according to Lauren classification 
(intestinal, diffuse, mixed) (Table 1). 

   
Figure 1. Expression patterns of p53 in gastric cancer. A) Gastric carcinoma of intestinal type with intense nuclear 
staining (3+); B) Gastric carcinoma of diffuse type with intense nuclear staining (3+); C) Gastric carcinoma showing 
mild nuclear staining (1+). 
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 Results 
 

Fifty-two cases of gastric cancer were studied 
(intestinal, 31; diffuse, 16; mixed, 5 according to 
the Lauren classification of gastric cancer).  P53 
overexpression (nuclear accumulation in 5% or 
more of tumor cells) was found in 67.7% of 
intestinal type, in 81.2% of diffuse type, and in 
100% of mixed type. The data showing the p53 
staining in different grades is presented in Table 2.  
There was a significant correlation between p53 
expression and tumor grade (p = 0.000). 

 Table 2 also presents the correlation between 
p53 expression and depth of tumor invasion (T).  
Statistical analysis revealed a significant 
correlation between depth of tumor invasion and 
p53 staining (p = 0.037). In addition, p53 positivity 
in gastric carcinoma correlated with the histologic 
tumor type (Table 2).  A significant correlation 
was found between the expression of p53 and 

histologic tumor type (p = 0.001). 
Diffuse-type tumors showed strong nuclear 

staining (3+) more often (66.7%) than intestinal-
type (8.3%), or mixed-type (25%) carcinomas. In 
mixed-type carcinomas with elements of both 
intestinal and diffuse patterns, intense staining was 
seen in the diffuse component, whereas areas with 
an intestinal pattern showed weaker staining. We 
did not observe any statistically significant 
correlation between p53 expression and lymph 
node involvement (p = 0.591).   

 
Discussion 

 
The p53 gene, encoded on chromosome 17p, is 

believed   to be an important   negative regulator of 
cellular proliferation and malignant progression,4, 

15 although the molecular mechanisms of its action 
are not clearly understood. However, it seems that 
the mutational inactivation of this gene facilitates 
carcinogenesis. Most of the mutations alter the 
conformation of the nuclear protein product, which 
can inactivate any wild-type p53 protein present.  
The half-life of the wild-type p53 gene product is 
short, whereas the half-life of some mutant forms 
is prolonged. Therefore, most of the protein 
detected by immunohistochemical staining is a 
mutated form of the p53 gene product.1, 9 Elevated 
expression of the p53 protein, or mutational  
inactivation of the p53 gene, has been shown in 
various human malignant tumors, including 
carcinomas of the colon and rectum, breast, 
prostate, esophagus, and stomach.5 – 8, 16 – 21 The 
purpose of this study was to clarify the relationship 
between clinicopathologic variables and p53 
expression in gastric cancer. The expression of p53 
was studied immunohistochemically in 52 gastric 
carcinomas using paraffin-embedded surgical 
specimens. Results showed that 75% of the gastric 
carcinomas expressed elevated levels of p53 
protein. Starzynska et al20 have found a significant 
correlation between increasing tumor stage and 

Table 2. Relationship between p53 expression and tumor grade, stage, and histologic type. 
P53 expression 

 Total n – + ++ +++ 
G1 24 7 11 5 1 
G2 10 4 4 2 0 
G3 18 2 2 3 11 
T1 5 3 1 1 0 
T2 11 3 6 2 0 
T3 36 7 10 7 12 
Intestinal 31 10 14 6 1 
Diffused 16 3 2 3 8 
Mixed 5 0 1 1 3 

Table 1. Clinicopathologic characteristics of 
gastric cancer cases. 
Clinicopathologic finding        Number examined 
Sex:  

Male 
Female 

 
36 
16 

Age (year)  
≤ 50 
> 50 

 
8 
44 

Histologic type 
Intestinal 
Diffused 
Mixed 

 
31 
16 
5 

Tumor grade 
G1 
G2 
G3 

 
24 
10 
18 

Depth of invasion 
T1 
T2 
T3 

 
5 
11 
36 

Lymph node status 
N0 
N1 
N2 

 
22 
13 
17 
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size with p53 expression. Seo et al22 studied the 
prognostic significance of p21 and p53 expression 
in gastric cancer by immunohistochemistry. In this 
study, they examined the expression of p21 and 
p53 in human gastric cancer tissue by 
immunohistochemistry and the correlation between 
their expression and clinicopathologic variables. 
They concluded that the status of p21 and p53 
expression may help in predicting the aggressive 
behavior of gastric cancer. Shun et al23 studied the 
correlation between cyclooxygenase-2 expression 
and nuclear p53 accumulation in gastric 
carcinoma. Their work provided evidence linking 
COX-2 and p53 in gastric carcinogenesis, but the 
mechanism explaining how they interact to 
promote tumorigenesis remains to be elucidated. 
Aoyagi et al24 investigated the expression of p53, 
p21, and tumor growth factor β1 (TGFβ1) in gastric 
carcinoma. They suggested that the combination of 
p53 and p21 expression appears to be a useful 
prognostic marker of gastric carcinoma. 
Xiangming et al25 studied overexpression of p53 as 
a predictor of lymph node metastasis in early 
gastric cancer and   concluded that p53 expression 
may be helpful in order to predict lymph node 
metastasis in early gastric cancer. Maehara et al26 

studied the prognostic value of p53 protein 
expression for patients with gastric cancer. They 
concluded that the expression of p53 was closely 
related to the potential for tumor advancement and 
also a poorer postoperative prognosis for patients 
with gastric cancer. 

Kim et al18 and Roviello et al2 have reported 
that p53 accumulation positivity correlated with 
the depth of invasion and lymph node status. 
Hurlimann et al19 have found no significant 
correlation between p53 protein accumulation and 
tumor size, lymph node metastasis, age, or sex of 
patients. Kim and associates21 have reported that 
there was no significant association between p53 
protein accumulation and T stage, although there 
was a significant association with N stage. In our 
study, we demonstrated a significant correlation 
between p53 expression and tumor histologic type 
(p = 0.001), depth of invasion (p = 0.037), and 
tumor grade (p = 0.000) in accordance with 
previous reports. No significant correlation was 
found between the level of p53 expression and 
lymph node status (p = 0.591). In conclusion, we 
have shown that overexpression of p53 protein 
occurs in a considerable proportion of gastric 
carcinomas. A preoperative assessment of p53 

expression in gastric carcinoma could be helpful to 
identify patients at high risk of higher grades and 
more advanced tumors.   

  
Acknowledgment 

 
We are grateful to the personnel of 

Department of Pathology of Ghaem Hospital, 
Mashhad, Iran, for providing the tissue 
specimens.  
 

References 
 

1 Okusa Y, Ichikura T, Tamakuma S. 
Immunohistochemical staining for the p53 protein 
and proliferating cell nuclear antigen in familial 
clustering of gastric cancer.  J Surg Oncol. 1996; 62: 
253 – 257.   

2 Roviello F, Marrelli D, Vindigni C,  De Stefano A, 
Spina D, Pinto E. P53 accumulation is a prognostic 
factor in intestinal-type gastric carcinoma but not in 
the diffuse type. Ann Surg Oncol. 1999; 6: 739 – 
745.   

3 Lanfrancone L, Pelicci G, Pelicci PG. Cancer 
genetics.  Curr Opin Genet Dev. 1994; 4: 109 – 119. 

4 Ryan KM, Phillips AC, Vousden KH. Regulation and 
function of the p53 tumor suppressor protein. Curr 
Opin Cell Biol. 2001; 13: 332 – 337.   

5 Starzynska T, Bromley M, Ghosh A, Stern PL. 
Prognostic significanse of p53 overexpression in 
gastric and colorectal carcinomas.  Br J Cancer. 
1992; 66: 558 – 562.   

6 Manne U, Myers RB, Moron C, et al. Prognostic 
significance of Bcl-2 expression and p53 nuclear 
accumulation in colorectal adenocarcinoma. Int J 
Cancer. 1997; 74: 346 – 358. 

7 Moll UM, Riou G, Levine AJ. Two distinct 
mechanisms alter p53 in breast cancer: mutation and 
nuclear exclusion. Proc Natl Acad Sci USA. 1992; 
89: 7262 – 7266.   

8 Walker RA, Dearing SJ, Lane DP, Varley JM. 
Expression of p53 protein in infiltrating and in situ 
breast carcinomas.  J Pathol. 1991; 165: 203 – 211.   

9 Maehara Y, Emi Y, Tomisaki S, et al. Age-related 
characteristics of gastric carcinoma in young and 
elderly patients. Cancer. 1996; 77: 1774 – 1780.  

10 Shiao YH, Rugge M, Correa P, Lehmann HP, Scheer 
WD. P53 alteration in gastric precancerous lesions.  
Am J Pathol. 1994; 144: 511 – 517.   

11 Joypaul BV, Hopwood D, Newman EL, et al. The 
prognostic significance of the accumulation of p53 
tumor-suppressor gene protein in gastric 
adenocarcinoma. Br J Cancer. 1994; 69: 943 – 946.   

12 Ichiyoshi Y, Oiwa H, Tomisaki S, et al.  
Overexpression of p53 is associated with growth 
pattern and prognosis in advancad gastric cancer.  
Hepatogastroenterology. 1997; 44: 546 – 553. 

13 Lauren P. The two histological main types of gastric 
carcinoma: diffuse and so-called intestinal-type 
carcinoma. Acta Pathol Microbiol Scand. 1965; 64: 

www.SID.ir



Arc
hi

ve
 o

f S
ID

K. Ghaffarzadegan, M.R. Zali, K. Jami-Ahmadi, et al 

Archives of Iranian Medicine, Volume 7, Number 4, October 2004 283

31 – 49.   
14 Fletcher CDM. Diagnostic Histopathology of 

Tumors. 2nd ed. London; New York: Churchill 
Livingstone; 2000.    

15 Harris CC. Structure and function of the p53 tumor-
suppressor gene: clues for rational cancer therapeutic 
strategies.  J Natl Cancer Inst. 1996; 88:  
1442 – 1455.   

16 Visakorpi T, Kallioniemi OP, Heikkinen A, Koivula 
T, Isola J. Small subgroup of aggressive, highly 
proliferative prostatic carcinomas defined by p53 
accumulation. J Natl Cancer Inst. 1992; 84:  
883 – 887.   

17 Sarbia M, Porschen R, Borchard F, Horstmann O, 
Willers R, Gabbert HE. P53 protein expression and 
prognosis in squamous cell carcinoma of the 
esophagus. Cancer. 1994; 74: 2218 – 2223.   

18 Kim KM, Lee A, Chae HS, Shim SI. Expression of  
p53 and NDP-K/nm23 in gastric carcinomas 
association with metastasis and clinicopathologic 
parameters. J Korean Med Sci. 1995; 10: 406 – 413.   

19 Hurlimann J, Saraga EP. Expression of p53 protein 
in gastric carcinomas. Association with histologic  
type and prognosis. Am J Surg Pathol. 1994; 18: 
1247 – 1253.  

20 Starzynska T, Markiewski M, Domagala W, et al. 

The clinical significance of p53 accumulation in 
gastric carcinoma.  Cancer. 1996; 77: 2005 – 2012.   

21 Kim JH, Uhm HD, Gong SJ, et al. Relationship 
between p53 overexpression and gastric cancer 
progression.  Oncology. 1997; 54: 166 – 170. 

22 Seo YH, Joo YE, Choi SK,  Rew JS, Park CS, Kim 
SJ. Prognostic significance of p21 and p53 
expression in gastric cancer. Korean J Intern Med. 
2003; 18: 98 – 103. 

23 Shun CT, Wu MS, Huang SP, Wang HP, Chuang 
SM, Lin JT. Cyclooxygenase-2 expression correlates 
with nuclear p53 accumulation in gastric carcinoma. 
Hepatogastroenterology. 2003; 50: 988 – 992. 

24 Aoyagi K, Koufuji K, Yano S, et al. The expression 
of p53, p21, and TGF beta 1 in gastric carcinoma. 
Kurume Med J. 2003; 50: 1 – 7. 

25 Xiangming C, Hokita S, Natsugoe S, et al.  
Cooccurrence of reduced expression of alpha-catenin 
and overexpression of p53 is a predictor of lymph 
node metastasis in early gastric cancer. Oncology. 
1999; 57: 131 – 137.  

26 Maehara Y, Tomoda M, Hasuda S, et al. Prognostic 
value of p53 protein expression for patients with 
gastric cancer—a multivariate analysis. Br J Cancer. 
1999; 79: 1255 – 1261.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B 

www.SID.ir



 

 

https://sid.ir/1791
https://sid.ir/1792
https://sid.ir/1793
https://sid.ir/1795
https://sid.ir/1794
https://sid.ir/1796
https://sid.ir/1702
https://sid.ir/1700
https://sid.ir/1699
https://sid.ir/1698
https://sid.ir/1787

