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Abstract. The present study analyzed the association of tumor 
protein p53 (TP53) Pro72Arg polymorphism with esophageal 
squamous cell carcinoma (ESCC) in the Mongolian popula-
tion of Tongliao (Inner Mongolia, China). Restriction fragment 
length polymorphism‑polymerase chain reaction was used to 
detect the genotype distribution of TP53 Pro72Arg polymor-
phism in 100 patients with ESCC and 50 healthy controls from 
the same population. Besides, the correlation between ESCC 
in Mongolian patients and various factors such as age, sex, 
cigarette smoking and alcohol consumption was analyzed. 
χ2 test revealed significant associations between alcohol 
consumption (P=0.00006) and cigarette smoking (P=0.00076) 
and ESCC in Mongolian patients. Notably, the Pro72 allele 
was significantly enriched in patients with ESCC compared 
with its abundance in the healthy control group, and the geno-
type of Pro/Arg on p53 codon 72 was confirmed to exhibit a 
significant correlation with ESCC in Mongolian patients. The 
present study demonstrated that alcohol drinking and cigarette 
smoking were risk factors for ESCC in the Mongolian popula-
tion. Mongolian patients who carry the partocular genotype 
of Arg/Pro or Pro/Pro on p53 codon 72 may be more likely 
to develop ESCC. Compared with the p53 codon 72 genotype 
Arg/Arg, the TP53 Pro72 allele increased the risk of ESCC in 
Mongolian patients by 1.659‑fold.

Introduction

Esophageal squamous cell carcinoma (ESCC) is one of 
the most common malignant tumors and the eighth most 
frequently diagnosed cancer in the world (1). It is estimated 
that almost 50% of ESCC cases occur in China, particularly 
in Hebei, Henan and North China (2,3). The development of 
ESCC is a complex process, and numerous environmental 
factors may contribute to ESCC, including diet, infection, 
poor nutrition status, low intake of fruits and vegetables, and 
particularly tobacco smoking and alcohol consumption (4,5). 
However, certain individuals who are exposed to the same 
risk factors may have different susceptibility to ESCC, which 
shows that genetic factors are important in the development of 
ESCC (6). Besides, the differences in genetic factors among 
patients with ESCC may be associated with geographic and 
ethnic characteristics (7).

Tongliao is the most concentrated area of Mongolian popu-
lation in the Inner Mongolia Autonomous Region of China, 
and even in the whole of China (8). These Mongolian inhab-
itants have acquired the habit of consuming diets with high 
salt and calorie content, due to the particular geographic and 
climate characteristics of this region (9). In recent years, due 
to the absence of early ESCC symptoms, traditional screening 
and treatment methods have not greatly increased the survival 
of patients with ESCC (10).

In Tongliao, there is only a small percentage of individuals 
who suffered from esophageal cancer, despite the fact that all 
residents share similar environmental risk factors (11). This 
suggested that genetic factors such as genetic polymorphisms 
may serve a key role in the pathogenesis of ESCC.

Certain studies have indicated that >50% of patients with 
cancer have p53 gene mutations during the occurrence and 
development of human cancer (12). In China, certain studies 
demonstrated that the genotype Pro/Pro of p53 is a risk factor 
for ESCC in Chaoshan in Guangdong, Linzhou in Henan and 
Yanting in Sichuan, but in other places such as Hebei, Cixian 
or Shexian, the genotype Pro/Pro of p53 is not a risk factor (7). 
Not only is the occurrence of esophageal cancer associated 
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with the region where a population lives, but it is also closely 
associated with ethnicity, since the Kazakh ethnic group of 
Xinjiang in China has a high incidence of ESCC (13).

Studies about the correlation between ESCC in Mongolian 
patients and susceptibility genes for ESCC are rarely 
reported. The identification of genetic susceptible factors for 
ESCC in Mongolian patients will have broad implications in 
understanding the pathogenesis of ESCC in the Mongolian 
population, and will aid early detection, diagnosis and therapy.

Patients and methods

Subjects. The present study was approved by the Ethics 
Committee of the Affiliated Hospital of Inner Mongolia 
University for the Nationalities (Tongliao, China). Written 
informed consent was obtained from all participants prior to 
the study via an institutional patient consent form. The study 
was conducted in accordance with the regulations of the Inner 
Mongolia University for the Nationalities.

A total of 100 Mongolian patients with surgically resectable 
thoracic ESCC who had received curative esophagectomy 
and lymph node dissection at the Affiliated Hospital of Inner 
Mongolia University for the Nationalities between April 2013 
and June 2014 were enrolled in the present study. According 
to the collected information, all patients were permanent resi-
dents of Tongliao, in Southeastern Inner Mongolia. None of 
the study participants received neoadjuvant therapy prior to 
hospital admission. Patient clinicopathological characteristics 
are summarized in Table I.

Additionally, 50 healthy Mongolian individuals, whose 
physical health had been verified at the Physical Examination 
Center of the Affiliated Hospital of Inner Mongolia University 
for the Nationalities, were randomly selected as control 
group. The control group and ESCC group were all recruited 
from pastoral areas of Tongliao city in inner Mongolia. The 
control subjects were frequency‑matched to the patients by 
age (±5 years) and sex. Statistical analysis on the general 
information of the two groups, was performed, and results are 
summarized in Table II.

Pathological diagnosis. All ESCC patients had a definite path-
ological diagnosis based on the stage of histopathological slice 
and differentiation of tumor cells. Accordingly, the patients 
were divided into three grades: Poorly, moderately and highly 
differentiated SCC. Tissue samples were stained with hema-
toxylin and eosin. Three representative histopathological slice 
images of different grades are shown in Fig. 1.

Detection method and result evaluation. Blood samples were 
collected in EDTA‑coated tubes with the SiMax™ Genomic 
DNA Extraction kit (SBS Genetech Co., Ltd., Beijing, China) 
to extract the genomic DNA from the peripheral blood 
leukocyte pellet of the two groups. Genomic DNA was 
isolated and purified from all subjects, and next subjected 
to β‑globin polymerase chain reaction (PCR) analysis to 
detect the existence of human DNA in the sample. Those 
β‑globin‑PCR negative samples were excluded from the 
analysis. β‑globin primers were designed to verify the quality 
and quantity of the DNA template. PCR primers were also 
synthesized according to the p53 gene sequence published 

on GenBank (http://www.ncbi.nlm.nih.gov/WebSub/?tool= 
genbank) (Fig. 2) by Beijing Genomics Institute (Beijing, China), 
and were designed by Primer 5.0 software (Beijing Genomics 
Institute, Beijing, China). p53 gene was amplified by PCR, 
and the procedure included an initial melting step of 5 min at 
94˚C, followed by 35 cycles of denaturation at 94˚C for 60 sec, 
annealing at 60˚C for 60 sec and extension at 72˚C for 60 sec, 
and preservation at 4˚C. The PCR mixture (50 µl) contained 
2 ng template DNA, 0.5 µl Taq enzyme (5 U/µl) (Treasure 
Bioengineering Co., Ltd., Dalian, China), 2.5 µl 10X PCR 
Buffer (Mg2+) (Hamilton's product, Bonaduz, Switzerland), 
1.5 µl (0.2 µmol/l) forward primer, 1.5 µl reverse primer, 4 µl 
(200 umol/l) deoxynucleotide triphosphates and ≤25 µl double 
distilled (dd) H2O. The PCR product was detected through 
electrophoresis (3% agarose gel) performed at 90 V/cm for 
40 min and after the electrophoresis, the results were observed 
and photographed under the ultraviolet light of the gel imaging 
system, followed by evaluation with the UV Transmission 
Analyzer (Shanghai Spectrum Instrument Co. Ltd, Shanghai, 
China).

AccII restriction enzyme was used to digest the p53‑ampli-
fied product of PCR at 37˚C. The enzymatic digestion reaction 
(20 µl) contained 10 µl PCR‑amplified product, 1 µl AccII 
(10 U/µl), 1 µl 10X buffer and 8 µl sterilized ddH20. The 
digested product (8 µl) was dissolved in 1X Tris base, acetic 
acid and EDTA solution, and then electrophoresed in a 3% 
agarose gel for 40 min at 90 V. The results were observed and 
photographed under ultraviolet light in a gel imaging system 
(Figs. 3 and 4).

In order to test the reliability of the assay, 30 samples 
with identical mutations were randomly selected to be 
re‑tested. Sequence analysis was performed with the BigDye 
Terminator Cycle Sequencing kit (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) and the ABI PRISM 3730 DNA 
Analyzer (Applied Biosystems; Thermo Fisher Scientific, 
Inc.) (Fig. 4).

Table I. Patient characteristics.

Characteristics	 N (total n=100)

Sex (male/female)	 91/9
Age/years (mean ± standard deviation)	 54.32±7.40 
Tumor location (upper/middle/lower)	 9/52/39
TNM classification	
  T1/T2/T3/T4	 10/20/43/27
  N0/N1/N2/N3	 54/31/12/3
  Grade (I/II/III) 	 19/19/62
Histopathological diagnosis 	
  PDSCC	 43
  MDSCC	 39
  HDSCC	 18

TNM, tumor‑node‑metastasis; PDSCC, poorly differentiated 
squamous cell carcinoma; MDSCC, moderately differentiated squa-
mous cell carcinoma; HDSCC, highly differentiated squamous cell 
carcinoma.
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Statistical analysis. Pearson's χ2 test was used to examine the 
differences in age, sex, cigarette smoking, alcohol consump-
tion, allele polymorphism and genotype distribution between 
case and control subjects. Hardy‑Weinberg goodness‑of‑fit 
test was used to analyze the different genotype distribution 
equilibrium for the same polymorphic site. The statistical 
software SPSS 15 (SPSS, Inc., Chicago, IL, USA) was used 
to analyze the data. Phase 2.1 software (http://www.stat 
.washington.edu/stephens/home.html) was used to analyze the 
haplotype, and the conditional logistic regression model was 
used to analyze the correlation between gene polymorphisms 
and haplotypes and susceptibility to ESCC. The association 
between mutant genotype or allele polymorphism and esopha-
geal cancer risk was calculated by odds ratio (OR) with 95% 
confidence interval (CI). P<0.05 was considered to indicate a 
statistically significant difference.

Results

Characteristics of the study subjects. Based on the information 
of clinical records (Table II), the distribution of the two groups 
regarding factors such as sex, age, cigarette smoking and 
alcohol consumption was analyzed. The results revealed that 
the age distribution of the two groups was adequately matched 
(χ2=3.211, P=0.073). According to the sex distribution, no 
significant difference was observed in patients with ESCC vs. 
controls (χ2=0.033, P=0.857). However, both the distribution of 
alcohol consumption and cigarette smoking had a significant 
difference in ESCC vs. control groups (χ2=15.992, P<0.001 
and χ2=11.344, P=0.001, respectively), which indicated that 
alcohol drinking and cigarette smoking were high‑risk factors 
for ESCC in the Mongolian population.

Tumor protein p53 (TP53) Pro72 allele is enriched in patients 
with ESCC but not in the control group. The distribution of 
p53 genotypes is different in the two groups. In the ESCC 
group, 25.0, 41.7 and 33.3% of patients had Pro/Pro, Pro/Arg 
and Arg/Arg genotypes, respectively, compared with 14.0, 
30.0 and 56.0% of subjects, respectively, in the control group, 
which indicated that the distribution of genotypes was statisti-
cally significant (χ2=7.49, P<0.05) and that the p53 genotype 
is associated with ESCC in Mongolian patients. The genotype 
Arg/Pro was the most abundant in the ESCC group, while in 
the control group, the most abundant genotype was Arg/Arg. 

This demonstrates that Arg/Pro is involved in the occurrence 
of ESCC in the Mongolian population. The frequency of Arg 
and Pro alleles in the two groups was analyzed by χ2 test, 
which revealed χ2=6.165, P=0.013, indicating that the two 
alleles served different roles in the occurrence of ESCC in 
Mongolian patients (Table III).

TP53 Pro72 allele increases the risk of ESCC in Mongolian 
patients. In order to unravel the role of allele mutations in 
p53 codon 72 on ESCC in Mongolian patients, an uncon-
ditional logistic regression model was used to estimate the 
association between genotypes and the risk of ESCC. A 
risk analysis was conducted in which genotypes such as 
Pro/Pro and Arg/Pro were regarded as the exposure factors, 
and Arg/Arg was regarded as the non‑exposure factor 
(Table IV). By comparing both types of factors, the allele 
mutations of p53 codon 72 appeared to be associated with an  
increased risk of developing ESCC (OR=1.659, 95% 
CI=1.112‑2.474), compared with the risk exhibited by the 
Arg/Arg genotype.

Discussion

To the best of our knowledge, the present study is the 
first report showing the association between TP53 codon  
72 polymorphisms and the risk of ESCC in a Mongolian popu-
lation. It was concluded that TP53 codon 72 polymorphisms 
were associated with an increased risk of developing ESCC 
through the present hospital‑based case‑control analysis on 
a Mongolian population. Besides, it was demonstrated that 
cigarette smoking and alcohol consumption could markedly 
increase the risk of ESCC.

It is known that passive smoking is a major risk factor for 
lung cancer, but a recent study conducted on passive smoking 
demonstrated that it was also significantly associated with 
increased risk of ESCC and breast cancer in women (14). 
The present study also observed that cigarette smoking and 
alcohol consumption are risk factors for ESCC, which is in 
agreement with previous studies (15‑17). A possible explana-
tion for these findings is that alcohol drinking and cigarette 
smoking cause irreversible genetic damage, or inhibit the 
repair mechanisms of genetic damage  (2,18). Besides, 
cigarette smokers or alcohol drinkers with p53 Arg/Arg 
or Arg/Pro could have a higher risk of infection by human 

Figure 1. Three representative histopathological slice images of three different pathology stages of ESCC are shown: (A) Poorly differentiated SCC (H&E 
staining; magnification, x400); (B) moderately differentiated SCC (H&E staining; magnification, x200); and (C) highly differentiated SCC (H&E staining; 
magnification, x200). H&E, hematoxylin and eosin; SCC, squamous cell carcinoma.
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papilloma virus (HPV) 16, which would increase their ESCC 
risk (19).

p53 gene is a tumor‑suppressor gene that is associated with 
cell cycle regulation, DNA repair, cell differentiation, apoptosis 

and other important biological functions (20). The 72nd codon 
of the p53 gene in exon 4 codes for arginine (Arg72R) or 
proline (Pr72P) (21). Previous studies have shown that the p53 
Pro72P subtype is more easily located in the nucleus, while 

Figure 2. Polymerase chain reaction primer design. The sequence of the p53 gene in the human chromosome 17p13.1 is displayed, according to the p53 gene 
sequence published on GenBank. The primers were designed by Primer 5.0 software and synthesized by Beijing Genomics Institute.

Figure 3. Representative images of PCR. The left lanes of each gel image represent size markers. (A) Representative image of the genomic DNA of the present 
Mongolian cohort. (B) Representative image of the PCR product of p53‑gene amplification. (C) Restriction fragment length polymorphism‑PCR analysis of 
p53 codon 72 polymorphisms. All samples represent PCR products digested with the restriction enzyme AccII. Lanes 1‑8 correspond to different patients with 
esophageal squamous cell carcinoma. Samples 1 and 5‑8 are Arg/Arg; samples 2 and 3 are Pro/Pro; and sample 4 is Pro/Arg. PCR, polymerase chain reaction.

Figure 4. Detection of digested PCR products and mutation sites. In the present study, 130 was the position of single nucleotide polymorphism counting from 
the left of the basic sequence. (A) Electrophoresis analysis of digested PCR products for the alleles Arg/Arg, Arg/Pro and Pro/Pro. (B‑D) Sequence analysis of 
the (B) Arg/Arg, (C) Arg/Pro heterozygous and (D) Pro/Pro genotypes.
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the p53 Arg72R subtype is more easily located in the mito-
chondria under stress (22). Therefore, it is possible that the p53 
Pro72p subtype may more effectively induce gene expression 
of nuclear DNA compared with the p53 Arg72R subtype (23). 
The polymorphism of the 72 codon of the p53 gene can affect 
the induction of cell apoptosis and the repair of damaged DNA, 
which are functions closely associated with the maintenance 
of the integrity of the nuclear envelope (23,24). In addition, the 
polymorphism of the 72 codon of the p53 gene may affect the 
accumulation of mitochondrial DNA mutations by combining 

with DNA polymerase γ (19). Therefore, the polymorphism of 
the p53 gene on codon 72 can affect the normal functions of 
the p53 gene, and may be involved in the prognosis of patients 
with ESCC.

To the best of our knowledge, the majority of previous 
Chinese studies have shown that there is an association between 
the polymorphism of p53 Arg72Pro in Chinese patients with 
ESCC, and the heterozygous genotype (Arg/Pro) and the mutant 
homozygous genotype (Pro/Pro) can significantly increase the 
incidence of esophageal cancer risk (25). The present study 

Table IV. Risk analysis of p53 gene polymorphism and esophageal cancer in Mongolia.

p53 codon 72 genotypes	 ESCC, n (%)	 Control, n (%)	 χ2	 P‑value	 OR (95% Cl)

Arg/Arg	 33 (33.0)	 28 (56.0)	 7.308	 0.007	 1.659 (1.112‑2.474)
Arg/Pro + Pro/Pro	 67 (67.0)	 22 (44.0)			 

ESCC, esophageal squamous cell carcinoma; OR, odds ratio; CI, confidence interval.

Table II. Comparative analysis of clinical data in the ESCC and control groups.

Characteristics	 ESCC, n (%)	 Control, n (%)	 P‑value	 χ2

Total no. of patients	 100 (100)	 50 (100)		
Age, years			   0.073	 3.211
  ≤45	 1 (1)	 3 (6)		
  >45	 99 (99)	 47 (94)		
Sex			   0.857	 0.033
  Male	 91 (91)	 39 (78)		
  Female	 9 (9)	 11 (22)		
Alcohol consumption			   <0.001	 15.992
  No	 13 (13)	 21 (42)		
  Yes	 87 (87)	 29 (58)		
Cigarette smoking			   <0.001	 11.344
  No	 38 (38)	 34 (68)		
  Yes	 62 (62)	 16 (32)		

Numbers in parenthesis indicates constituent ratio of samples. ESCC, esophageal squamous cell carcinoma.

Table III. Comparative analysis of p53 Pro72Arg polymorphism status in ESCC and healthy control samples.

	 Genotype	 Allele 
	 distribution, n (%)a	 distribution, %
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 Arg/Arg	 Arg/Pro	 Pro/Pro	 χ2	 P‑valueb	 Arg	 Pro	 χ2	 P‑value

ESCC	 33c (33.3)d	 42 (41.7)	 25 (25)	 7.49	 0.024	 54.0d	 46.0	 6.165	 0.013
Control	 28 (56.0%)	 15 (30.0)	 7 (14.0)			   71.0	 29.0

aP‑values with χ2 test for deviation from Hardy‑Weinberg equilibrium are 0.055 and 0.122 for controls and patients with ESCC, respectively. 
bP‑value from χ2 test performed for comparison of patients with ESCC with controls cTotal number of samples. dNumbers in parenthesis 
indicates the constituent ratio of genotypes or alleles. ESCC, esophageal squamous cell carcinoma.
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demonstrated that the allele Pro may increase the risk of 
ESCC in Mongolian patients by 1.659‑fold compared with that 
of the allele Arg (Table IV). However, the conclusion may be 
different for different countries and nationalities. For example, 
the homozygous Pro/Pro polymorphism can increase the risk 
of esophageal cancer in the population of Korea (26). Notably, 
another study from USA reported that no association existed 
between p53 Pro72Arg and ESCC (27,28). In Japan, a previous 
report revealed that alteration of p53 tumor‑suppressor protein 
was suspected to be the key molecular event in multifocal 
carcinogenesis (29). In addition, the authors observed mark-
edly high levels of p53 protein accumulation in early ESCC in 
Japanese alcoholic men (21).

According to recent studies, the susceptible genotype of 
p53 72 codon appears to be different for different tumors. 
Buyru's study revealed that there was a significant correlation 
between the genotype Arg/Arg on p53 72 codon and female 
breast cancer in the population of Turkey  (29). Previous 
studies  (30‑32) indicated that the Arg/Arg genotype could 
increase the risk of HPV‑associated tumors. Buller et al (33) 
demonstrated that the Arg/Pro genotype and borderline 
ovarian cancer had a close association. Previous studies on 
Northern Chinese populations revealed that the homozygous 
genotype Pro/Pro was an independent risk for ESCC, and it 
could increase the risk of ESCC by 2‑fold compared with that 
of the Arg/Arg genotype (34‑37). In the present study, this risk 
was determined to be 1.659‑fold instead (Table IV).

The present results revealed a significant association 
between the polymorphism of TP53 codon 72 and the risk of 
developing ESCC risk in Mongolian patients. These results 
may be useful for esophageal cancer prevention. In order to 
unravel the biological progression of ESCC in Mongolian 
patients, the association of other gene polymorphisms with the 
risk of ESCC must be explored to display a potential multipli-
cative gene‑gene interaction.

In conclusion, the present study revealed that alcohol 
drinking and cigarette smoking could increase the risk of 
ESCC in Mongolian patients, and suggested the need to 
advocate for a healthy lifestyle among the Mongolian popu-
lation. Our results support previous conclusions suggesting 
different behavior of the p53 Pro72Arg alleles in different 
cancer types and ethnicities in ESCC. These results may 
provide clinical support for survival and chemo/radiothera-
pies of ESCC, although further studies to analyze the effect 
of p53 codon 72 genotype polymorphism on patients are 
required. Animal models may help to unravel the function of 
mutations in the codon 72 of the p53 gene in the process of 
ESCC development.
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