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Abstract
AIM: To investigate the expression of p53 and p21 and 
associations with possible risk factors, such as cigarette 
smoking, in esophageal squamous cell carcinoma (ESCC) in 
northeastern Iran, a region with a high incidence of ESCC.

METHODS: The expression of p53 and p21 proteins 
was investigated immunohistochemically in tumor tis-
sue from 80 ESCC patients and in 60 available paraffin-
embedded blocks of adjacent normal specimens from 
the cases, along with normal esophageal tissue from 80 
healthy subjects.

RESULTS: Positive expression of p53 protein was de-
tected in 56.2% (45/80) of ESCC cases, and in none of 
the normal esophageal tissue of the control group (P  
< 0.001). Furthermore, 73.8% (59/80) of ESCC cases 
and 43.8% (35/80) of controls had positive expression 
of p21 protein (P  < 0.001). Cigarette smoking was sig-
nificantly associated with p53 over-expression in ESCC 
cases (P  = 0.010, OR = 3.64; 95% CI: 1.32-10.02). p21 
over-expression was associated with poorer clinical out-
come among the ESCC patients (P  = 0.009).

CONCLUSION: Over-expression of p53 in association 
with cigarette smoking may play a critical role in ESCC 
carcinogenesis among this high-risk population of north-
eastern Iran. Furthermore, p21 over-expression was 
found to be associated with poor prognosis, specifically 
in the operable ESCC patients.
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INTRODUCTION
Esophageal cancer has been reported as the eighth most 
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common cancer worldwide, with a great variation in the 
incidence all around the world[1]. A high-risk area for this 
cancer is known as the so-called “Asian esophageal can-
cer belt”, which stretches from north central China into 
northern Iran, where esophageal squamous cell carcinoma 
(ESCC) predominates[2-4]. 

High incidence and mortality rates of  ESCC have been 
reported in northeastern Iran, due to some distinct, but 
not well-known, environmental and genetic factors; how-
ever the complex network of  molecular alterations under-
lying the development and progression of  ESCC have not 
been clearly elucidated in this region[5,6]. 

Several studies have revealed that esophageal cancer, as 
with many other malignancies, is associated with cigarette 
smoking. However, the specific molecular targets affected 
by cigarette-derived carcinogens have not been thoroughly 
identified[7].

It has been shown that the p53 tumor suppressor 
gene is involved in the control of  the cell cycle[8], and it 
is employed to protect cells exposed to DNA-damaging 
agents such as environmental risk factors including ciga-
rette smoking[9]. The p53 inactivation in human cancer 
may result through binding to viral proteins, as a result of  
MDM2 or p19ARF gene alteration or indirectly by p53 
protein localization in the cytoplasm[10]. Furthermore, it 
has been shown that p53 mutation is the most common 
aberration in human cancers, including esophageal carci-
noma[11]. These mutations can lead to an increase in the 
stability of  the protein, so it can accumulate in nuclei and 
be detected by immunohistochemistry methods. There-
fore, it has been suggested that all cancer cells have some 
p53 aberrations resulting in over-expression of  p53[12].

Furthermore, it has been shown that p53 over-expres-
sion appears to have a central role in the progression of  
esophageal cancer in patients who have a positive history 
of  tobacco consumption[7,13-15].

It is generally accepted that esophageal cancer devel-
ops through a multi-step process of  genetic and epigen-
etic changes leading to a sequence of  histological changes 
in the epithelia, including esophagitis, basal cell hyper-
trophia, dysplasia, carcinoma in situ, and finally advanced 
ESCC[13,16-19]. 

In normal cells, wild-type p53 up-regulates the expres-
sion of  several downstream genes to arrest the cell cycle 
so that damaged DNA either is repaired or apoptosis is 
promoted in response to DNA damaging agents[20,21]. The 
product of  the mutated p53 gene has a much longer half-
life compared to the wild-type protein. Because of  some 
conformational changes, it is more stable; thus, the accu-
mulation of  this protein in the early steps of  carcinogen-
esis is easily detected by immunohistochemical techniques. 
Previous reports have shown a significant association 
between p53 mutations and immunohistochemical p53 
nuclear reactivity [19,22-24]. 

The p21 protein, which is encoded by the p21WAF1/Cip1 

gene, is regulated by wild type, not the mutant, p53[25,26]. It 
inhibits DNA synthesis, as well as the G1/S phase transi-
tion, by forming a complex with proliferating cell nuclear 

antigen and cyclin dependent kinase[27,28]. However, in addi-
tion to p53-dependent expression, p21 can be regulated in 
a p53-independent manner[29,30]. Unlike p53, mutation of  
the p21 gene is a rare event in human cancers; therefore, 
alterations of  this gene, involved in carcinogenesis, may 
be due to some abnormal changes at the expression level 
rather than genetic coding and epigenetic alterations[31]. Ab-
errant expression of  p21, detected by immunohistochemi-
cal staining, has been shown in several cancers, including 
esophageal cancer, in which both the decrease and increase 
in p21 expression are reported to be associated with poor 
prognosis[32-34]. Concerning the clinical relevance of  p21 
and p53 expression in cancer patients, several studies have 
indicated that analyzing the combined immunohistochemi-
cal expression of  these proteins may be more useful in 
interpreting the favorable and unfavorable clinical outcome 
than investigating each of  them separately[35,36]. 

The current study was conducted to investigate the 
immunohistochemical expression of  p53 and p21 in 80 
ESCC patients in relation to possible risk factors, such as 
cigarette smoking, and to evaluate whether their expres-
sion is a prognostic factor with regard to p53-dependent 
and -independent pathways.

MATERIALS AND METHODS
Study population
A total of  80 consecutive patients with histologically-
confirmed invasive squamous cell carcinoma of  the 
esophagus (45 males and 35 females; mean age 61.39 ± 
11.42 years, ranging from 35 to 83 years) were recruited 
from the two main referral oncology centers in northeast-
ern Iran: Atrak clinic, the main specialized center for up-
per gastrointestinal (GI) disorders in Golestan province, 
and Omid Oncology Hospital, referral oncology hospital 
of  northeastern Iran. All eligible subjects were recruited 
between September 2006 and September 2007 and writ-
ten informed consents were obtained. The study was ap-
proved by the Ethics Committee of  Tehran University of  
Medical Sciences. 

 The eligibility criteria for the enrolled ESCC patients 
were: (1) presence of  a primary ESCC with no history of  
concurrent cancer in other organs or history of  previous 
cancer in any organ; and (2) recent diagnosis of  ESCC 
in the patients. Patients who had received any adjuvant 
therapy (radiotherapy or chemotherapy) were excluded. 

Eighty eligible healthy subjects were randomly selected 
among individuals who were referred to Atrak clinic for 
upper GI health examination and diagnosed as normal 
based on physical examination and were histologically 
proven not to have a cancerous lesion. They were geneti-
cally unrelated to the cases and they had no previous 
cancer history. The control group was matched to the 
case group by age (± 6 years) and gender. According to a 
standard questionnaire, the demographic data of  each pa-
tient and information about social habits, including ciga-
rette smoking and opium use, were collected by an expert 
member of  the research group. 
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With respect to social habits, never-users were defined 
as subjects who never or rarely used cigarettes or opium, 
and ever-users were defined as subjects who had used 
cigarettes or opium at least weekly for a period of  6 mo or 
more. 

All patients were staged with radiological contrast (bari-
um swallow) and computed tomography (CT) scans of  the 
chest, abdomen, and pelvis. Endoscopic ultrasound and 
magnetic resonance imaging were performed when avail-
able. After the initial staging, patients with potentially oper-
able conditions (defined as stages Ⅱ or ⅢA) proceeded 
directly to esophageal resection. The rest were categorized 
as an inoperable subgroup of  patients based on their clini-
copathological conditions. For those patients who were 
candidates for surgical resection, pathological stage was de-
termined by histopathology at the time of  esophagectomy, 
on the basis of  the Union International Cancer TNM clas-
sification guidelines[37]. 

All 80 ESCC cases were followed up every 3 mo by 
office visits for clinical evaluation or via telephone contact. 
Deaths caused by ESCC were taken as outcome events, 
whereas others were considered censored. Survival dura-
tion was defined as the time interval from diagnosis to 
either death or the time of  the last clinical evaluation of  
the patients. The cause of  death was determined from the 
patient’s records and death certificate. 

Tissue collection
Tumor tissue and corresponding adjacent normal esopha-
geal tissue specimens were obtained from the ESCC pa-
tients. All untreated specimen-proven carcinoma of  the 
esophagus in ESCC cases, as well as esophageal normal 
epithelia of  healthy controls, were obtained by esopha-
gectomy or endoscopy procedure. All specimens were 
fixed and stored in 70% ethanol and embedded in paraf-
fin. Esophageal squamous tumors were comprised of  > 
70% malignant cells with minimal necrosis, and normal 
esophageal specimens with no contaminating tumor cells 
were confirmed as noncancerous tissue by histological 
examination of  a representative hematoxylin and eosin 
stained slide. Tumors were histologically verified as ESCC 
and sub-typed based on the grade of  differentiation as 
well differentiated, moderately differentiated or poorly 
differentiated. Tumor tissue samples were selected so that 
all adjacent normal esophageal tissues were obtained from 
the macroscopically normal esophageal epithelium, distant 
from the cancerous lesion.

Immunohistochemical staining 
Tissue sections 4-μm in thickness were obtained from 
archival alcohol-fixed paraffin-embedded tissues of  the 
esophageal squamous tumor and normal esophageal 
specimens and mounted on poly-L-lysine-coated slides 
for immunohistochemistry study. After being dewaxed 
in xylene and rehydrated in a series of  graded alcohols, 
they were placed in 10 mmol/L citrate buffer pH 6.0 to 
unmask the epitopes. After microwave antigen retrieval 
(20 min, 120 W; 3 × 5 min, 450 W), the sections were al-
lowed to cool down to room temperature (approximately 

20 min), and then incubated with 3% H2O2 for 10 min to 
quench the endogenous peroxidase activity. After blocking 
the nonspecific protein binding with serum-free protein 
block (Dako, Inc.) for 5 min, slides were incubated for  
45 min at 37℃ with either anti-human p21waf1/cip1 mono-
clonal antibody (clone SX118, DAKO, CA, USA; dilu-
tion 1:50) or anti-p53 monoclonal antibody (clone DO-7; 
DAKO, CA, USA; dilution 1:50) DO-7 which was raised 
against an epitope between amino acids 1 and 45 in the 
C-terminal domain of  human wild-type and mutant p53 
recognizing both mutant and wild-type p53 protein, fol-
lowed by phosphate buffered saline wash. Finally the pri-
mary antibody was detected, using EnVision™ + System/ 
HRP, rabbit/mouse (DAB+) (Dako, Denmark), a second-
ary antibody. Staining was visualized using 3,3’-diamino-
benzidine chromogen for 10 min, followed by acidified 
hematoxylin counterstaining for 1 min. Thereafter, the 
sections were mounted with mounting medium.

Control sections of  known p53-positive and p21-
positive cases of  ESCC were included in each run, and the 
negative control section was carried out by omitting the 
primary antibody. Two expert pathologists who were blind-
ed to the clinical and molecular results evaluated the tissue 
slides, independently. The final result was obtained through 
the consensus between the pathologists. Only staining 
of  the cell nucleus was considered as a positive reaction 
for both p21WAF1/CIP1 and p53 proteins (Figures 1 and 2).  
For p21 protein, the expression of  p21 was graded as neg-
ative staining, < 10%; intermediate staining or low-expres-
sion, 10%-49%; high staining or over-expression, ≥ 50%. 
The p53-negative expression was defined as less than 5% 
of  p53 immunoreactivity, and p53-positive expression was 
classified into two groups according to the percentage of  
positive nuclei (5%-49%, intermediate staining or low-ex-
pression; strong staining or over-expression, ≥ 50%). The 
median value for each p53 or p21 immunostaining (50%) 
was used as the cut off  point for over-expression[24,38-40]. 
We also considered the adjacent non-neoplastic squamous 
epithelia to compare the positive staining in tumors.

Statistical analysis 
The Statistical Package for the Social Sciences software 
version 16.0 (SPSS Inc., Chicago, IL, USA) was used for 
statistical analyses. The associations between p53 or p21 
expression, clinicopathological parameters, and related risk 
factors were evaluated by the χ2 test and Fisher’s exact test 
in univariate analysis, and by logistic regression modeling 
in multivariate analysis. Prognostic factors were evaluated 
at the univariate level using the Kaplan-Meier method 
with log-rank test, and in multivariate analysis using the 
Cox’s proportional hazards model of  relevant prognostic 
variables. A 2-sided P value < 0.05 was considered as sig-
nificant statistically. 

RESULTS
A total of  80 ESCC cases (45 males and 35 females; mean 
age 61.39 ± 11.42 years, ranging from 35 to 83 years) and 
80 healthy controls (48 males and 32 females; mean age 
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62.81 ± 10.36 years, ranging from 32 to 84 years) were 
examined in this study. The distribution of  demographic 
variables for the cases and controls are summarized in 
Table 1. 

Analysis of protein expression by immunohistochemical 
staining
Expression of  p53 protein in ESCC: Positive expression 
of  p53 protein (Figure 1) was detected in 56.2% (45/80)  
of  ESCC cases, and in none of  the normal esophageal 
tissues of  the control group (P < 0.001). Among the 35 
ESCC tumors with p53-negative expression, 31 tumors 
showed no expression at all. The percentage of  p53-
positive cells ranged from 0% to 100%, with a mean of  
54.6% and a median value of  50%. Of  the p53-positive 
specimens, low-expression of  p53 was detected in 21 of  
80 cases (26.2%) and p53 over-expression was found in 24 
of  80 cases (30%). 

In the group of  normal adjacent tissue, positive ex-
pression of  p53 was observed only in the nuclei of  basal 
cells. p53-negative expression was detected in 90% (54/60) 
of  the normal adjacent tumor tissues; whereas, we detect-
ed the positive expression of  p53 in 10% (6/60) of  the 
normal adjacent tumor tissue samples including 50% (3/6) 
with dysplastic lesions, one graded as esophageal tissue 
with moderate to severe esophagitis, and the remaining 
two were histopathologically normal adjacent tissues.

There was no significant association between tumor and 
normal adjacent tissues based on p53-positive expression. 

Expression of  p21 protein in ESCC: Of  the 80 ESCC 
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Figure 1  Immunohistochemical staining for p53 in an esophageal squamous cell carcinoma exhibiting expression. A: With primary antibody, showing reactiv-
ity (brown nuclear staining of some tumor cells) (× 100); B: With primary antibody, showing reactivity (× 400); C: With primary antibody, no reactivity (× 100). Sections 
were counter-stained with hematoxylin.

CBA

CBA

Figure 2  Immunohistochemical staining for p21 in an esophageal squamous cell carcinoma exhibiting expression. A: With primary antibody, showing reactiv-
ity (brown nuclear staining of some tumor cells) (× 100); B: With primary antibody, showing reactivity (× 400); C: With primary antibody, no reactivity (× 100). Sections 
were counter-stained with hematoxylin. 

Table 1  Distribution of the demographic variables for esopha-
geal squamous cell carcinoma cases and healthy subjects  n  (%)

Case Control P  value1

Age (yr)
   < 60 36 (45)    27 (33.8) NS
   ≥ 60 44 (55)    53 (66.2)
Gender
   Male    45 (56.2) 48 (60) NS
   Female    35 (43.8) 32 (40)
Smoking
   Never 52 (65) 28 (35)   0.03
   Ever 64 (80) 16 (20)
Opium use
   Ever    21 (26.2)    18 (22.5) NS
   Never    59 (73.8)    62 (77.5)
p53 expression
   Positive    45 (56.2) 0 (0) < 0.001
   Negative    35 (43.8)   80 (100)
p21 expression
   Positive    59 (73.8)    37 (46.2) < 0.001
   Negative    21 (26.2)    43 (53.8)

1Not statistically significant by χ2 test. NS: Not significant.
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cases assessed in this study, positive expression of  p21 
protein (Figure 2) was detected in 73.8% (59/80) of  ESCC 
cases, whereas only 43.8% (35/80) of  controls had posi-
tive expression for p21 protein (P < 0.001). In the group 
of  esophageal tumors, the percentage of  cells within a 
section showing definite immunoreactivity varied from 
0%-90%. Positive expression of  p21 was detected with 
the average of  42.5% of  cells in cases, and 17.5% of  cells 
in controls. The corresponding median values of  positive 
cells were 50% and 15% in the case and control groups, 
respectively. Twenty-one cases (26.2%) were detected as 
p21-negative, 29 of  80 (36.3%) cases had intermediate 
staining (low-expression) of  p21 and in 30 of  80 (37.5%) 
cases, we detected p21 over-expression (high staining). 
Conversely, the corresponding values were 45 of  80 
(56.2%), 35 of  80 (43.8%), and none (0%), for the control 
group, respectively (P < 0.001). 

p21-positive nuclei were detected in 45% (27/60) of  
normal adjacent tissue in ESCC cases. This was signifi-
cantly lower than in the tumor tissues in the case group (P 
= 0.001). 

Comparison of  p21 and p53 protein expression in ESCC:  
Immunohistochemical expression of  p53 and p21 varied 
in the proportion of  stained cells and the distribution of  
positive cells was heterogeneous between cancer nests. 
Overall, there was no significant correlation between p21 
and p53 expression, at all cut off  values, among ESCC cas-
es (neither in tumors, nor in the normal adjacent tissues). 
Combined analysis of  p21 and p53 expression has been 
summarized in Table 2. 

Relationship between the expression of p53 and p21 
proteins and clinicopathological parameters, including 
cigarette smoking 
The relationship between p53 and p21 protein expression 
(at any cut off  value) and different demographic and clini-
copathologic parameters has been analyzed in the whole 
series of  patients, in the p53-negative and p53-positive 
subgroups, and in the subgroups of  patients who did or 
did not undergo esophagectomy, separately.

In the whole series of  ESCC patients, our results 
showed that p53 or p21 expression was not related to age 
category, opium use, tumor location, histology of  the tu-
mor, depth of  tumor invasion, lymph node involvement, 
or disease stage, when they were simply dichotomized to 

positive and negative groups, whereas over-expression of  
the p53 protein was observed in 46.4% (13/28) of  ever-
smokers but in only 19.2% (10/52) of  never-smokers; the 
difference was statistically significant (P = 0.01, OR = 3.64; 
95% CI: 1.32-10.02). After controlling for the potential 
confounding effects of  age, sex, opium use, tumor size, 
tumor location, depth of  tumor, lymph node involvement, 
disease stage, histology of  the tumor, and p21 expression, 
multiple logistic regression analysis showed similar results 
(P = 0.03, OR = 3.89; 95% CI: 1.09-13.89). We did not 
find any statistically significant association between ciga-
rette smoking and p21 protein expression at any cut off  
value of  10% or 50%. 

In addition, combined analysis of  p53 and p21 expres-
sion showed that there was no significant correlation be-
tween p21/p53 expression and pathological stages or other 
parameters when we used different cut off  values; how-
ever, the esophageal tumors only expressing high levels of  
p21 protein (≥ 50%) (without p53 over-expression), were 
significantly associated with deep invasion (P = 0.01).

The relationship between clinicopathological findings 
and p53/p21 over-expression is shown in Table 3. We did 
not detect any significant association between p53 or p21 
over-expression with different parameters among ESCC 
patients, when we compared all the cut off  values. 

Clinical outcome
All patients were followed up, and survival analysis was per-
formed at the end of  the study period in September 2009 
(Figure 3). Among the entire patient population, mean 
survival was 8.21 ± 4.92 mo, with a median of  7.5 mo;  
ranging from 4 to 24 mo. Of  the 80 ESCC patients, 56.2% 
(45/80) underwent curative esophagectomy, including 
73.3% and 26.7% with stage Ⅱ and ⅢA of  ESCC, respec-
tively (mean survival, 9.49 ± 5.02 mo; median, 8 mo; rang-
ing from 4 to 24 mo). On the other hand, 43.8% (35/80) 
of  the cases were categorized as inoperable ESCC patients 
(mean survival, 6.57 ± 4.33 mo; median, 5 mo; ranging 
from 4 to 17 mo). 

Prognosis of ESCC patients according to 
clinicopathological parameters and p21 and/or p53 
protein expression 
The overall 6-mo, 1- and 2-year survival rates of  the entire 
group (80 ESCC patients) were 56.7%, 26.7% and 18.6%, 
respectively. 
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Table 2  Correlation between p53 and p21 expression in esophageal squamous cell carcinoma cases  n  (%)

p53 expression p21 expression Total number

Negative (< 10%) Positive 

Low-expression (10%-49%) Over-expression (≥ 50%)

Negative (< 5%)    10/80 (12.5) 15/80 (18.7)      9/80 (11.2) 34
Positive 
   Low-expression (5%-49%)      7/80 (8.75)   7/80 (13.6)      9/80 (11.2) 23
   Over-expression (≥ 50%) 4/80 (5)   7/80 (13.6) 12/80 (15)
Total number 21 29 30 80

There was no significant association between p53 and p21 expression among esophageal squamous cell carcinoma cases.

Taghavi N et al . p53/p21 and clinicopathological features in ESCC



Results of  the univariate analysis for the whole series 
of  patients showed no influence of  p53 protein expres-
sion on survival duration, even if  different cut off  values 
were considered (5% and 50%). Similarly, no significant 
association was found between p21 expression and sur-
vival duration, using the cut off  value of  10%, whereas 
the 50% cut off  value revealed a significant association 
between p21 over-expression and poor clinical outcome 
(P = 0.009). In a univariate survival analysis for the entire 
group of  cancer patients, there was no significant survival 
effect for all available clinicopathologic factors for ESCC 
patients, except for the patients who were aged above  
60 years (P = 0.006), or those who underwent surgical 
operation (P = 0.001); factors which were significantly as-
sociated with poorer prognosis. Our findings also revealed 
a significantly reduced survival period among the cases 
with both p21 and p53 over-expressing tumors compared 
to patients with p21 over-expressing tumors alone (without 
p53 over-expression), or in those without over-expression 
of  both p21 and p53 proteins (P < 0.001). 

Furthermore, to analyze the factors related to progno-
sis according to p53 protein expression (for both 5% and 
50% cut off  values), univariate and multivariate analysis 
were performed separately. Among the p53-positive cases, 
the factors related to poorer clinical outcome consisted of  
patients with p21 over-expressing tumors (P = 0.009) and 
those who were aged above 60 years (P = 0.03). 

Additionally, when analyzing clinical outcome accord-
ing to p53 and p21 expression in 45 patients who under-
went surgery, patients with p21 over-expressing tumors 
showed poorer clinical outcome (P = 0.01). This adverse 
effect was still significant when the study population was 

restricted to the operable patients with p53 over-expres-
sion (P = 0.004). 

The Cox proportional hazards regression model 
showed that age categories, surgical operation status (op-
erable or inoperable), and p21 over-expression were inde-
pendent prognostic factors (Table 4). 

DISCUSSION
The significant positive expression of  p53 and p21 in the 
ESCC patients of  this studied population, compared with 
the healthy subjects, revealed that these proteins play an 
important role in ESCC development in northeastern 
Iran. Furthermore, we found that p53 over-expression, 
but not p21, was associated with cigarette smoking habit 
in the ESCC patients. Contradictory results have been re-
ported regarding the association of  p53 protein expression 
and cigarette smoking. Our finding is consistent with the 
studies published by Mizobuchi et al[7], Montesano et al[41]  
and Cruz et al[39], but discordant with the observations of  
Lam et al[42]. Recent studies have shown that various kinds 
of  carcinogens produced by smoked cigarettes might 
be responsible for different p53 gene mutations and p53 
over-expression; thus, they may play a role in carcino-
genesis, including esophageal cancer development[7,43-45]. 
In this regard, recent evidence from Golestan province 
(in northeastern Iran) inhabitants showed that moder-
ate to high exposure to polycyclic aromatic hydrocarbon 
(PAH) components, one of  the substances related to 
cigarette smoke, may be associated with esophageal car-
cinogenesis[46]. Therefore, it has been hypothesized that 
continuous exposure to specific carcinogenic components 
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Table 3  Correlation between clinicopathological parameters and p53 and p21 over-expression in esophageal squamous cell carcinoma 
patients  n  (%)

Number p53 over-expression p21 over-expression

Yes No P value Yes No P value1

Age (yr)
   < 60 36  10 (27.8)    26 (72.2) NS    14 (38.9)    22 (61.1) NS
   ≥ 60 44  13 (29.5)    31 (70.5)    16 (36.4)    28 (63.6)
Gender
   Male 45  15 (33.3)    30 (66.7) NS    20 (44.4)    25 (55.6) NS
   Female 35    8 (22.9)    27 (77.1)    10 (28.6)    25 (71.4)
Smoking
   Ever-user 28  13 (46.4)    15 (53.6) 0.01 14 (50) 14 (50) 0.09
   Never-user 52  10 (19.2)    42 (80.8)    16 (30.8)    36 (69.2)
Differentiation
   Well 46  12 (26.1)    34 (73.9)    20 (43.5)    26 (56.5)
   Moderate 23    8 (34.8)    15 (65.2)      6 (26.1)    17 (73.9) NS
   Poor 11    3 (27.3)      8 (72.7) NS      4 (36.4)    7 (63.6)
Tumor site
   Middle 59  19 (32.2)    40 (67.8) NS    26 (44.1)    33 (55.9) NS
   Lower 20 4 (20) 16 (80)   4 (20) 16 (80)
Size of tumor (cm)
   < 3 23    8 (34.8)    15 (65.2)      5 (21.7)    18 (78.3) 0.07
   ≥ 3 53  15 (28.3)    38 (71.7) NS    23 (43.4)    30 (56.6)
Operability
   Operable 45  12 (26.7)    33 (73.3) NS    17 (37.8)    28 (62.2) NS
   Inoperable 35  11 (31.4)    24 (68.6)    13 (37.1)    22 (62.9)

1Not statistically significant by χ2 test. NS: Not significant.
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of  tobacco smoke in the studied area, such as PAH, may 
cause mutations in some important cell cycle genes, such 
as p53, leading to over-expression and abnormal accumu-
lation of  the translated proteins. This specific mutation 
may result in the formation of  a dysfunctional protein, 
which is sequestered and accumulated in the cell, leading 
to cancer development. These observations provide sup-
port for further studies to evaluate the effect of  possible 
carcinogen components of  tobacco smoke, such as PAH, 
in ESCC patients residing in this region. 

In the present study, positive expression of  p53 pro-

tein in the peripheral layers of  cancer nests, which are rep-
resentative of  the most proliferative and invasive cells in 
the esophageal SCC (due to the inactivation by mutation 
or deregulation of  other cancer-related genes in the cell 
cycle), may suggest that the p53-positive expression is a 
frequent genetic alteration and plays an important role in 
the carcinogenesis of  esophageal carcinoma in the studied 
population.

Recent studies have indicated that alteration in the p53 
gene, as well as p53 protein accumulation, is frequently 
detected in dysplastic or precancerous lesions adjacent 
to ESCC tumors[47]. In the present study, 10% (6/60) of  
morphologically normal esophageal specimens adjacent to 
tumors showed p53 positive staining, including 3 samples 
with dysplastic lesions, one sample with moderate to se-
vere esophagitis, and another two normal samples with no 
pathologic change. Although all of  these specimens were 
positive for p21 immunostaining, the frequency and inten-
sity of  p21 expression were greater in dysplastic lesions 
than in the others. The observation of  p53-positive ex-
pression in the adjacent dysplastic lesions (with or without 
p53 positivity in corresponding tumor) in this study sup-
ports the concept that potentially multiple origins, through 
similar or independent genetic alterations, may result in 
the development or recurrence of  esophageal tumor in 
this site (either from the same clone or a different one as 
a consequence of  other involved molecular alterations 
and pathways). Therefore, it is important to note that in 
patients, who have had the primary tumor removed, p53 
accumulation may be a risk factor for tumor recurrence. 
This finding may be an important factor for the screening 
of  the ESCC patients in a high-risk population. There-
fore, immunohistochemical staining of  p53 protein in the 
remaining unresected normal-appearing esophagus, be-
yond the normal margin, may be a valuable tool in these 
patients, to evaluate the risk of  developing a secondary 
ESCC after an esophagectomy. Further prospective, large-
scale studies are required as a validation set to support this 
concept.

Regarding the association between p21 and p53 pro-
tein expression in cancer patients, several studies have 
shown that one of  the important ways to investigate the 
functional status of  p53 is to evaluate some of  its down-
stream effectors such as p21Waf1/Cip1[48]. Unlike p53, the 
positive expression of  p21 is most often representative of  
the wild-type protein since no mutations in this gene have 
been detected in a large number of  human tumors[38,49]. 
p21 protein may be regulated either in a p53-dependent 
or -independent manner. In our study we found no sig-
nificant correlation between p53 and p21 proteins, and 
co-expression of  p21 and p53 proteins in a proportion 
of  ESCC cases supports the hypothesis that activation of  
p21 was regulated through a p53-independent pathway 
in this series of  esophageal tumor samples, in agreement 
with a previous report by Seta et al[50], who showed there 
was no correlation between the expression of  these pro-
teins in esophageal or gastric cancer. Similar results were 
also reported by Yasui et al[51] and Gomyo et al[52] for gas-
tric cancer. 
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Figure 3  Kaplan-Meier survival curves for esophageal squamous cell 
carcinoma patients with or without p21 over-expression. A: Overall survival 
curves were classified by p21 over-expression in the whole series of ESCC 
patients; B: Survival curves in the operable group of ESCC patients, stratified 
according to p21 over-expression; C: Survival curves in the operable group 
of patients with positive expression of p53, stratified according to p21 over-
expression.
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Several studies have investigated the significant prog-
nostic impact of  p21 over-expression in different cancers, 
including esophageal carcinoma[35,36,52,53]. However, the 
results are contradictory[54,55]. The discrepancy in the find-
ings might be due to lack of  a standard classification for 
p21 immunostaining interpretation, or it may depend on 
different characteristics of  malignant cells or different 
molecular markers regulating p21 expression in a specific 
tissue or tumor type. In the present study, we adopted 
the cut off  value of  50% nuclear staining to indicate p21 
over-expression, as it was applied in some of  the previous 
studies[53]. Using these criteria, our results showed that the 
prognosis of  esophageal cancer patients deteriorates with 
p21 over-expression (in both univariate and multivari-
ate survival analysis). This is consistent with the study by  
Sarbia et al[53] who showed an adverse survival effect of  
p21 over-expressing esophageal tumors when they con-
sidered the cut off  value of  50% as p21 over-expression. 
Goan et al[36] also indicated that p21 over-expression was 
associated with adverse prognosis in ESCC patients. 
However, this result contradicts the result of  Shimada  
et al[56]. In addition, the adverse survival effect of  p21 
over-expression in the present study was still significant 
when the study population was restricted to the patients 
with p53-positive expression who underwent surgical op-
eration. Some studies have shown that combined analysis 
of  p53 and p21 expression may provide more prognostic 
information than evaluation of  either variable alone[57,58]. 
In this regard, our findings also revealed a significantly 
reduced survival period among the cases with both p21 
and p53 over-expressing tumors than in patients with p21 
over-expressed tumors alone (without p53 over-expres-
sion), or than in those without over-expression of  both 
p21 and p53 proteins. This may suggest a possibly more 
malignant behavior of  the tumors when they over-express 
both p53 and p21 proteins. In other words, patients who 
harbor p21 over-expressing tumor have a compromised 
survival that could be superimposed by the adverse effect 

of  non-functional accumulated p53, leading to poorer 
prognosis.

Concerning the adverse prognostic effect of  p21 over-
expression, recent studies have shown that despite the role 
of  p21 in cell cycle arrest, this protein could contribute 
to the inhibition of  DNA repair and mitotic control. In 
the presence of  p53 mutation, the adverse survival effect 
of  p21 over-expression could be increased, leading to un-
controlled high expression of  p21, as well as sustained ge-
nomic instability, leading to facilitation of  the progression 
of  the tumor[36,59]. Therefore, this phenomenon may also 
be responsible for the adverse survival effect of  p21 over-
expression among the studied population in the present 
study. 

In conclusion, this is the first study focused on evalu-
ating the prognostic effect of  p21 and p53 protein expres-
sion, as well as their role as a target for cigarette smoking, 
in ESCC patients in northeastern Iran which is a high-
incidence area for this type of  cancer. Our results showed 
that (1) p53 and p21 expression play an important role 
in ESCC development in northeastern Iran; (2) p53 as a 
target of  cigarette smoking plays a critical role in ESCC 
development among this high-risk population; (3) the 
presence of  abnormally accumulated p53 in the mor-
phologically normal tissue adjacent to the resected tumor 
may be a predictor of  future recurrence of  tumor, thus 
evaluating the remaining normal esophageal tissue after 
resection of  tumor could help to indicate a population 
who are at higher risk for tumor recurrence at this site; 
and finally (4) we indicated the adverse survival effect of  
p21 over-expression in the ESCC patients of  northeastern 
Iran. Therefore, our data suggest that the immunohisto-
chemical assessment of  p21 over-expression, in relation 
to p53 over-expression, in esophageal cancer patients 
may provide useful prognostic markers for identifying the 
subgroup of  high risk patients with poor clinical outcome 
who need closer postoperative follow up, and probably a 
more intensive therapeutic protocol.

Table 4  Log-rank and proportional hazard regression analysis (Cox method) for clinicopathological param-
eters in esophageal squamous cell carcinoma patients

Mean survival time (mo) Log rank P  value Cox-regression

HR 95% CI P  value1

Operability
   Operable 12.68 ± 2.56   0.001 2.27 1.30-3.97   0.004
   Inoperable   7.08 ± 1.72
p21 over-expression
   Yes   7.41 ± 1.78   0.009 1.82 1.02-3.25 0.04
   No 11.71 ± 2.36
p53 over-expression
   Yes   8.00 ± 2.06 0.30 1.23 0.67-2.26 NS
   No 10.69 ± 2.08
Tumor size (cm)
   < 3 12.58 ± 3.28 0.06 1.75 0.92-3.32 0.08
   ≥ 3   9.43 ± 2.18
Age (yr)
   < 60 12.61 ± 2.46   0.006 2.30 1.29-4.09  0.005
   ≥ 60   8.40 ± 2.14

1Not statistically significant by χ2 test. NS: Not significant; HR: Hazard ratio; CI: Confidence interval.
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