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Abstract. Tumor protein p53 (TP53) is the best-known tumor 
suppressor gene and plays a crucial role in carcinogenesis. 
The TP53 Arg 72 Pro polymorphism has been reported to be a 
risk factor for several types of cancer, but its association with 
pancreatic cancer has not been fully evaluated. Therefore, we 
investigated the effects of this polymorphism on pancreatic 
cancer in relation to smoking and drinking habits by examining 
the distribution of the SNP genotypes in 226 pancreatic cancer 
patients and 448 healthy controls. The frequencies of Arg/Arg, 
Arg/Pro and Pro/Pro were found to be 37, 49 and 15% in the 
pancreatic cancer cases and 44, 46 and 10% in the controls, 
respectively. Compared to the controls with the Arg/Arg geno-
type, cases with Pro/Pro homozygosity exhibited a significantly 
increased risk [adjusted odds ratio (OR)=1.70; 95% confidence 
interval (CI) 1.01-2.88]. In stratified studies, the association 
was particularly strong in males (OR=2.62; 95% CI 1.32-
5.23), particularly in those smoking in excess of 20 pack-years 
and drinking in excess of 23  g ethanol/day (OR=5.02; 95% 
CI 1.12-22.51). We found that the TP53 Pro/Pro genotype 
compared to the Arg/Arg genotype had a profound effect on 
pancreatic cancer risk among males, particularly among heavy 
smokers and excessive alcohol drinkers.

Introduction

Pancreatic cancer is a leading cause of cancer-related death, 
ranking fifth in Japan (1), fourth in the US (2) and fifth in 

Europe (3). The number of pancreatic cancer patients is 
gradually increasing as the population ages (1). Although 
newly-developed anti-cancer drugs such as gemcitabine and 
molecular-targeted agents have been used for treatment (4), 
the 5-year relative survival rate remains below 5-7% (1,2). 
Pancreatic cancer has a dismal prognosis, in part because 
only 15-20% of patients have resectable disease at the time of 
diagnosis (5). This means that in most patients with pancreatic 
cancer, the disease is diagnosed at too late a stage to be appro-
priately treated, eliminating their chances of survival. For early 
detection strategy, various predisposing factors to pancreatic 
cancer have been reported, including age (6,7), gender (8,9), 
smoking (10,11), obesity (12,13), diabetes mellitus (14,15), diet 
(16,17) (a high intake of fried food has been associated with 
increased risk and a high intake of folate from food sources, 
such as vegetables and fruits, with reduced risk), pancreatitis 
(18,19), inherited genetic factors such as hereditary breast 
and ovarian cancer syndrome, familial atypical multiple mole 
melanoma, Peutz-Jeghers syndrome, ataxia-telangiectasia and 
hereditary non-polyposis colorectal cancer (20,21). At present, 
however, there is no established method to narrow down a 
high-risk group in the general population.

In recent years, single-nucleotide polymorphisms (SNPs) 
have received much attention as candidates for new diagnostic 
biomarkers. Associations between pancreatic cancer risk and 
SNPs in particular genes have been reported, such as the 
UDP-glucuronosyltransferase (22), N-acetyltransferase 1 (23), 
X-ray repair cross-complementing group 1 (XRCC1) (24), 
group 2 (XRCC2) and group 3 (XRCC3) (25), 5,10-methyl-
enetetrahydrofolate reductase (26,27), methionine synthase 
reductase (28) and cyclooxygenase-2 (29). Tumor protein p53 
(TP53) is the best-known tumor suppressor gene and plays 
a crucial role in carcinogenesis. The polymorphism Arg  72 
Pro has been reported to be a risk factor for various types of 
cancer, including pancreatic cancer, among numerous ethnici-
ties (30-38). To our knowledge, this is the first report showing 
that a polymorphic variant of the TP53 codon 72 is associated 
with pancreatic cancer susceptibility in a subset of the Japanese 
population.
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Materials and methods

Subjects. The case group comprised 226 patients with pancre-
atic cancer (132 men, 94 women; mean age 65.0±10.0 years). 
The cases were treated at Okayama University Hospital or 
Okayama Saiseikai Hospital (Okayama, Japan). Pancreatic 
cancer was diagnosed histopathologically by endoscopic 
retrograde cholangiopancreatography and/or endoscopic 
ultrasound-guided fine needle aspiration, resected specimen or 
other modalities. Clinical and histopathological classification 
of the tumors were made according to the criteria of the UICC 
Tumor-Node-Metastasis Classification of Malignant Tumors 
(TNM), 6th edition, 2002. The hospitals accept patients from 
Okayama and other prefectures in Japan. Controls were from 
two sources: 202 healthy individuals recruited from a cohort 
study in a Japanese general population older than 40 years 
of age in a town near Saitama Cancer Center (39), and 246 
healthy individuals from Kusaka Hospital in Okayama. All 
cases and controls were Japanese. The age, gender, personal 
medical history, family history of disease, and smoking and 
drinking habits of the subjects were obtained via question-
naires and medical records from Kusaka Hospital, Okayama 
Saiseikai Hospital and Okayama University Hospital. Written 
informed consent was obtained from all pancreatic cancer 
cases and healthy controls. The study was approved by the 
Bioethics Committee of Okayama University Medical School.

DNA isolation and genotyping. The genomic DNA of the 
226 cases and 446 healthy controls was extracted from periph-
eral lymphocytes using sodium dodecyl sulfate/proteinase K 
treatment, phenol-chloroform extraction and ethanol precipita-
tion. Genotyping of the TP53 Arg 72 Pro polymorphism was 
carried out by the SNaPshot method (Applied Biosystems, 
Foster City, CA, USA). Genomic DNA (50 ng/µl) was first 
amplified using Taq DNA polymerase (Takara, Shiga, Japan) 
and a primer set (sense 5'-GACTGCTCTTTTCACCCATCTA; 
anti-sense 5'-TGCAGGGGGATACGGCCAG). Polymerase 
chain reaction (PCR) parameters were: 94˚C for 3 min, followed 
by 32 cycles at 94˚C for 30 sec, 60˚C for 30 sec and 70˚C for 
30 sec, and a final extension step at 72˚C for 7 min. After 
amplification, the PCR products were purified by ExoSAP 
(exonuclease I and shrimp alkaline phosphatase) at 37˚C for 
90 min and 75˚C for 15 min. After the treatment, the PCR 
product was amplified by SNaPshot Ready Reation Mix and 
typing primer (5'-TTTTTTTTTTTTTTTTTTTTTTTTTTT 
TTTTTTTTCCCAGAATGCCAGAGGCTGCTCCCC). The 
genotype was determined by the ABI3100 sequencer (Applied 
Biosystems) after purification by SAP and analyzed by 
GeneMapper 3.0 software (Applied Biosystems).

Statistical analysis. The allele frequencies of the polymor-
phism TP53 were compared between pancreatic cancer cases 
and healthy controls. The distribution of the genotype (Arg/
Arg, Arg/Pro, Pro/Pro) was tested for adherence to Hardy-
Weinberg equilibrium in all of the cases and the controls. The 
Chi-square test was used to compare the genotype distribu-
tion between the cases and controls. One-way ANOVA was 
used to evaluate the association between age of onset and the 
TP53 polymorphism. Odds ratios (ORs) and 95% confidence 
intervals (95% CIs) were used to estimate the risk associated 

with the genotype. The OR and 95% CI were adjusted for age, 
gender, and history of smoking and drinking by an uncondi-
tional logistic regression model using SPSS software ver. 12.0 
(SPSS Inc., Tokyo, Japan).

Results

The characteristics of the 226 pancreatic cancer cases and 446 
healthy controls are shown in Table Ⅰ. There were no signifi-
cant differences in terms of gender or smoking and drinking 
habits between the two groups, but there was a difference in 
age distribution (P=0.029).

The frequencies of the genotypes and alleles in the TP53 
gene are shown in Table Ⅱ. The frequencies of Arg/Arg, Arg/
Pro and Pro/Pro were found to be 37, 49 and 15% in the 
pancreatic cancer cases, and 44, 46 and 10% in the controls, 
respectively. All of the results were in Hardy-Weinberg equi-
librium. Compared to the controls with the Arg/Arg genotype, 
cases with Pro/Pro homozygosity exhibited an increased 
risk with statistical significance (adjusted OR=1.70; 95% CI 
1.01‑2.88).

Next, we examined the association between the TP53 
Arg 72 Pro genotypes and the risk of pancreatic cancer in rela-
tion to gender and history of smoking and drinking (Table Ⅲ). 
The adjusted OR of the pancreatic cancer cases in males and 
in smokers with Pro/Pro was 2.62 (95% CI 1.32‑5.23) and 2.46 
(95% CI 1.18-5.15), respectively. In drinkers, the same geno-
type exhibited a marginal risk (OR=2.56; 95% CI 0.99-6.54), 
whereas there were no significant associations between the 
TP53 Arg 72 Pro genotypes and the risk of pancreatic cancer 
among females, non-smokers and non-drinkers. As shown in 
Table Ⅳ, smokers and drinkers were stratified according to the 
amount of smoking and drinking. A light smoker was defined 
as smoking <20 pack-years and a heavy smoker as ≥20 pack-

Table Ⅰ. Characteristics of cases and controls.

	C ases (%)	C ontrols (%)	 P-valuea

Total no.	 226	 448
Age			   0.029
  ≤50	 13   (6)	 33   (7)
  51-60	   49 (22)	   58 (13)
  61-70	   78 (34)	 177 (40)
  >70	   86 (38)	 180 (40)
Gender			   0.179
  Male	 132 (58)	 286 (64)
  Female	   94 (42)	 162 (36)
Smoking history			   0.934
  Non-smoker	 109 (48)	 219 (49)
  Smoker	 115 (51)	 225 (50)
  Unknown	 2   (1)	   4   (1)
Drinking history			   0.172
  Non-drinker	 135 (60)	 295 (66)
  Drinker	   89 (39)	 153 (34)
  Unknown	 2   (1)	   0   (0)

aAnalyzed by the Chi-square test after excluding unknowns.
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years, while a moderate drinker was defined as drinking <23 g 
ethanol/day and an excessive drinker as ≥23 g ethanol  day. 
Twenty-three grams ethanol is nearly equal to one cup of 
Japanese sake. It was not possible to obtain the smoking status 
for 3 of the 226 cases and 7 of the 448 controls, or the drinking 
status for 8 of the 226 cases and 5 of the 448 controls. The 
results showed statistically significant associations between 
pancreatic cancer risk and heavy smoking (OR=2.46; 95% CI 
1.01-6.02), as well as excessive drinking (OR=3.66; 95% CI 
1.07-12.56).

The potential association of the TP53 Arg 72 Pro geno-
types was further investigated with a focus on smoking and 

alcohol consumption in males and females (Table Ⅴ). There 
was no significant association among males without a history 
of smoking and drinking, while there was a strong association 
between Pro/Pro homozigosity compared to the reference Arg/
Arg genotype (OR=5.02; 95% CI 1.12-22.51) in males with a 
history of smoking and/or drinking, particularly heavy smoking 
(≥20 pack-years) and excessive drinking (≥23 g ethanol/day. 
There were no significant differences among females with or 
without a history of smoking and/or drinking.

To evaluate the association between age of onset and 
the TP53 polymorphism, each TP53 variant was tested by 
one-way ANOVA. The results were not statistically significant 

Table Ⅱ. The TP53 genotype in cases and controls.

	 TP53 Arg 72 Pro
	 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
	C ases (%)	C ontrols (%)	 P-valuea	OR b (95% CI)

Genotype
  Arg/Arg	   83 (37)	 197 (44)		  1.00 (reference)
  Arg/Pro	 110 (49)	 205 (46)	  0.161c	 1.29 (0.90-1.83)
  Pro/Pro	   33 (15)	   46 (10)	  0.047c	 1.70 (1.01-2.88)
Allele frequencies
  Arg	 276 (61)	 599 (67)	 0.039
  Pro	 176 (39)	 297 (33)

aAnalyzed by the Chi-square test. bAdjusted for age, gender, and history of smoking and drinking. cP-value, differences in the Arg/Arg genotype 
between cases and controls.

Table Ⅲ. Interaction between the TP53 genotype and gender, smoking and drinking habits.

	 TP53 Arg 72 Pro
	 -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
	G enotype	C ases (%)	C ontrols (%)	OR a (95% CI)

Male	A rg/Arg	 44 (33)	 125 (44)	 1.00 (reference)
	A rg/Pro	 65 (49)	 136 (48)	 1.45 (0.91-2.31)
	 Pro/Pro	 23 (19)	 25   (9)	  2.62 (1.32-5.23)b

Female	A rg/Arg	 38 (40)	   72 (44)	 1.00 (reference)
	A rg/Pro	 45 (48)	   69 (43)	 1.17 (0.68-2.02)
	 Pro/Pro	 11 (12)	   21 (13)	 0.85 (0.36-2.00)
Smoker	A rg/Arg	 38 (33)	 103 (46)	 1.00 (reference)
	A rg/Pro	 58 (50)	 100 (44)	  1.67 (1.01-2.77)b

	 Pro/Pro	 19 (17)	   22 (10)	  2.46 (1.18-5.15)b

Non-smoker	A rg/Arg	 44 (40)	   91 (41)	 1.00 (reference)
	A rg/Pro	 52 (48)	 104 (48)	 1.11 (0.66-1.83)
	 Pro/Pro	 13 (12)	   24 (11)	 1.14 (0.53-2.47)
Drinker	A rg/Arg	 28 (31)	    63 (41)	 1.00 (reference)
	A rg/Pro	 48 (54)	   79 (52)	 1.68 (0.92-3.06)
	 Pro/Pro	 13 (15)	 11   (7)	 2.56 (0.99-6.54)
Non-drinker	A rg/Arg	 54 (40)	 134 (45)	 1.00 (reference)
	A rg/Pro	 62 (46)	 126 (43)	 1.22 (0.78-1.90)
	 Pro/Pro	 19 (14)	   35 (12)	 1.38 (0.72-2.64)

aAdjusted for age, gender, and history of smoking and drinking. bP<0.05, calculated by the Chi-square test.
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(P=0.19). However, when the subjects were divided into two 
groups (<65  years and ≥65 years), the Pro/Pro polymor-
phism was found to be associated with the ≥65 years group 
(OR=2.00; 95% CI 1.03-3.90) (Table Ⅵ). There was no signifi-
cant association between the TP53 Arg 72 Pro genotypes and 
the clinical characteristics of the pancreatic cancer patients 
(data not shown).

Discussion

The TP53 gene contributes to a variety of cellular processes, 
including stress response, DNA repair, apoptosis, cell cycle 
control and gene expression (40). The codon 72 polymorphism 
causes an amino-acid substitution of arginine to proline and is 
located within a proline-rich region of p53. Functional analyses 
have suggested that codon 72 polymorphic variants of p53 
have different effects on the cell cycle and apoptosis (41-43). 
The TP53 Arg 72 Pro polymorphism has been reported to be 
associated with the risk of various types of cancer, but to our 
knowledge has not been fully examined in pancreatic cancer. 
Thus, the TP53 codon 72 polymorphism was selected as the 
target of our investigation.

As demonstrated in numerous epidemiologic studies, 
smoking is a risk factor for pancreatic cancer (44). However, 
the effect of alcohol is controversial (45). Increased alcohol 
consumption has been found to linearly elevate the risk of 
cancer (46). To moderate the amount of alcohol consumed 

by the Japanese, limits on daily ethanol intake have been 
recommended by the Ministry of Health, Labor and Welfare 
(20  g  ethanol/day; Healthy Japan 21, a national health care 
movement) and by ‘Development and Evaluation of Cancer 
Prevention Strategies in Japan’ (23 g ethanol/day). The recom-
mended daily maximum amount of alcohol is nearly equivalent 
to one cup of Japanese sake (23 g ethanol). We defined subjects 
who drink less than one cup of Japanese sake per day as 
moderate drinkers and those that consume one cup or more 
per day as excessive drinkers. The data showed that Pro/Pro 
homozygosity is a risk factor for pancreatic cancer compared 
to Arg/Arg homozygosity among smokers and drinkers, in 
particular heavy smokers and excessive drinkers. Alcohol is not 
a direct risk factor for pancreatic cancer, but is metabolized to 
acetaldehyde, a carcinogenic agent. Approximately half of the 
Japanese individuals were found to have a deficient phenotype 
for aldehyde dehydrogenase-2 (ALDH2), a key enzyme in the 
conversion of acetaldehyde to acetate (46). This suggests that 
the metabolic production of alcohol affects pancreatic cancer 
risk among Japanese drinkers. 

In addition, the data showed that the TP53 Arg 72 Pro 
polymorphism was strongly associated with male patients who 
were heavy smokers and excessive drinkers, with stratification 
according to the amount of smoking and drinking. However, 
since Pro/Pro homozygosity had a low frequency in the 
controls (3%), it cannot be excluded that the association was 
spurious. Nevertheless, when we evaluated the genotype 

Table Ⅳ. Effect of tobacco and alcohol consumption in cases with the TP53 genotype compared to controls.

	 TP53 Arg72 Pro
	 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
	G enotype	C ases (%)	C ontrols (%)	OR a (95% CI)

Non-smoker	A rg/Arg	 44	 (40)	   91	(41)	 1.00	  (reference)
	A rg/Pro	 52	 (48)	 104	(48)	 1.11	 (0.67-1.85)
	 Pro/Pro	 13	 (12)	   24	 (11)	 1.14	 (0.53-2.47)
Light smoker	A rg/Arg	 6	 (39)	   25	(43)	 1.00	  (reference)
(0-20 pack-years)	A rg/Pro	 9	 (47)	   16	(45)	 2.36	 (0.68-8.15)
	 Pro/Pro	 5	 (14)	     8	(12)	 2.61	 (0.60-11.33)
Heavy smoker	A rg/Arg	 32	 (34)	   75	(43)	 1.00	  (reference)
(≥20 pack-years)	 Arg/Pro	 48	 (51)	   84	(49)	 1.43	 (0.81-2.52)
	 Pro/Pro	 14	 (15)	 14	 (8)	 2.46	 (1.01-6.02)b

Unknown		  3	 	 7
Non-drinker	A rg/Arg	 54	 (40)	 134	(45)	 1.00	  (reference)
	A rg/Pro	 62	 (46)	 126	(43)	 1.24	 (0.80-1.94)
	 Pro/Pro	 19	 (14)	   35	(12)	 1.38	 (0.72-2.65)
Moderate drinker	A rg/Arg	 9	 (38)	   17	(44)	 1.00	  (reference)
(0-23 g ethanol/day)	A rg/Pro	 19	 (49)	   25	(45)	 1.83	 (0.61-5.48)
	 Pro/Pro	 4	 (14)	    4	 (11)	 1.60	 (0.30-8.48)
Excessive drinker	A rg/Arg	 17	 (33)	   46	(45)	 1.00	  (reference)
(≥23 g ethanol/day)	 Arg/Pro	 26	 (51)	   50	(49)	 1.66	 (0.78-3.55)
	 Pro/Pro	 8	 (16)	   6	 (6)	 3.66	 (1.07-12.56)b

Unknown		  8	 	 5

aAdjusted for age, gender, and history of smoking and drinking. bP<0.05, calculated by the Chi-square test.
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among males with a history of smoking and/or drinking, 
there was still a strong association between the genotype and 
pancreatic cancer risk (OR=2.93; 95% CI 1.38-6.26; data not 
shown). The combination of smoking and drinking is known 
to be associated with an increased risk of cancer (46). A high 
prevalence of K-ras mutations in drinkers and smokers with 
pancreatic cancer has been reported (47). The combination of 
smoking and drinking may be associated with TP53 Pro/Pro 
homozygosity, and may act additively to contribute to the risk 
of pancreatic cancer. 

Many SNPs have been reported to be gender-specific (48), 
but there is no explanation for why the TP53 Arg 72 Pro poly-
morphism is associated only with males. Thus, being male 

may itself be a risk factor for pancreatic cancer. The associa-
tion of TP53 Arg 72 Pro with pancreatic cancer risk in males 
may be involved in gender-specific pancreatic cancer onset, 
which may partially reflect specific causes, such as hormone 
and environmental factors.

Several lines of data have shown that the Pro/Pro genotype 
is associated with an earlier age of onset in various types of 
cancer (49-51). The data showed no association between age 
at diagnosis and TP53 genotypes as a whole. However, when 
subjects were stratified according to age distribution (divided 
into two age groups, <65 years and ≥65 years), there was a 
significant difference among the ≥65 years group in terms of 
the proportion of patients with the Pro/Pro genotype compared 

Table Ⅴ. Combined effects of tobacco and alcohol consumption in cases with the TP53 genotype compared to controls..

	 TP53 Arg 72 Pro
	 -------------------------------------------------------------------------------------------------------------------------------------------------------------------
	G enotype	C ases (%)	C ontrols (%)	OR a (95% CI)

Male without	A rg/Arg	   9 (60)	 20 (48)	 1.00 (reference)
smoking and drinking	A rg/Pro	   3 (20)	 18 (43)	 0.63 (0.15-2.55)
	 Pro/Pro	   3 (20)	   4 (10)	   1.93 (0.33-11.17)
Male with smoking	A rg/Arg	 18 (27)	 72 (40)	 1.00 (reference)
(<20 pack-years) and/or	A rg/Pro	 37 (55)	 89 (50)	 1.83 (0.94-3.54)
drinking (<23 g ethanol/day)	 Pro/Pro	 12 (18)	 17 (10)	   2.91 (1.16-7.33)b

Male with smoking	A rg/Arg	 14 (32)	 31 (51)	 1.00 (reference)
(≥20 pack-years) and	 Arg/Pro	 23 (52)	 27 (44)	 1.91 (0.82-4.46)
drinking (≥23 g ethanol/day)	 Pro/Pro	   7 (16)	   3   (5)	    5.02 (1.12-22.51)b

Female without	A rg/Arg	 32 (40)	 60 (45)	 1.00 (reference)
smoking and drinking	A rg/Pro	 40 (50)	 53 (40)	 1.42 (0.78-2.57)
	 Pro/Pro	   8 (10)	 19 (14)	 0.78 (0.31-2.00)
Female with smoking	A rg/Arg	   7 (50)	 11 (38)	 1.00 (reference)
and/or drinking	A rg/Pro	   5 (36)	 16 (55)	 0.48 (0.10-2.36)
	 Pro/Pro	   2 (14)	   2   (7)	   1.46 (0.15-13.84)

aAdjusted for age, gender, and history of smoking and drinking. bP<0.05, calculated by the Chi-square test. Some numbers may not amount to 
the total due to missing data.

TableⅥ. Association between the TP53 genotype and age distribution, age at diagnosis.

	G enotype n, (%)	OR  (95% CI)a	 P-valueb

	 --------------------------------------------------------------------------------------------	 ---------------------------------------------------------------------
	A rg/Arg	A rg/Pro	 Pro/Pro	 Total	A rg/Pro	 Pro/Pro

Age (<65 years)
  Cases	   36 (38)	   48 (50)	 12 (13)	   96	 1.61 (0.91-2.85)	 1.29 (0.54-3.10)
  Controls	   68 (49)	   56 (40)	 16 (11)	 140
Age (≥65 years)
  Cases	   47 (36)	   62 (48)	 21 (17)	 130	 1.17 (0.74-1.85)	 2.00 (1.03-3.90)
  Controls	 129 (42)	 149 (48)	 30 (10)	 308
Age at diagnosis
  Cases	   83 (37)	 110 (49)	 33 (15)	 226
  Mean ± SD (years) 	 65.5±10.9	 65.8±9.33	 67.8±10.7				    0.19

aAdjusted for age, gender, and history of smoking and drinking. bCalculated by one-way ANOVA.
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to the Arg/Arg genotype (OR=2.00; 95% CI  1.03‑3.90). 
Apoptosis, cell cycle arrest and cellular senescence are trig-
gered by activated p53. These mechanisms are all beneficial for 
younger subjects, while such effects probably reduce longevity 
and augment cancer risk in elderly subjects (52). The Pro allele 
is associated with reduced apoptotic potential (42,43). Low 
apoptotic activity may favor cancer development due to the 
failure to eliminate cellular clones carrying DNA damage and 
a propensity for inflammation, but may also protect against 
malignancy due to the preservation of antitumor immune cells 
(40). In other words, reduced apoptotic Pro allele may favor 
the renewal and maintenance of fragile tissues in older indi-
viduals. Thus, there is potentially conflicting evidence that the 
Pro allele leads to longevity, whereas it also increases cancer 
risk. As for the incidence of pancreatic cancer, longstanding 
accumulated damage due to tobacco, alcohol, ultraviolet light 
exposure and diet may at a certain age affect pancreatic cancer 
risk in elderly individuals with the TP53 72 Pro polymor-
phism. Our results suggest that this genotype is not associated 
with the early onset of pancreatic cancer, but is related to its 
incidence among elderly individuals.

The TP53 codon 72 polymorphism was not found to be 
associated with the clinical characteristics of pancreatic 
cancer, such as tumor location, tumor size, TNM stage, carbo-
hydrate antigen 19-9 (CA19-9) level, presence of diabetes, 
surgery or past history or familial history of cancer among 
the cases.

Our results have several limitations. First, our study had 
a hospital-based case-control design with healthy controls 
recruited from two locations: the Saitama and Okayama 
prefectures. The Saitama prefecture is in eastern Japan near 
Tokyo, while Okayama is in western Japan. However, the 
Japanese are almost racially homogenous, and genotype 
distribution in both populations was in Hardy-Weinberg equi-
librium (Arg/Arg, Arg/Pro and Pro/Pro were found to be 44, 
48 and 9% in the Saitama controls, and 44, 44 and 11% in 
the Okayama controls, respectively). The difference between 
the two sources was not statistically significant (P=0.633). 
Second, we could not adjust for other confounding factors, 
such as diabetes, obesity, and the activity of tobacco and 
alcohol metabolizing enzymes, including cytochrome P450, 
ALDH, alcohol dehydrogenase 1B and alcohol dehydrogenase 
1C. Third, there is a possibility of a false-positive result due to 
the small sample size, particularly in the subgroup analyses.

Despite these limitations, the results provide insights into 
the identification of a group at high risk of developing pancre-
atic cancer. This study may contribute to the development 
of early detection strategy and the prevention of pancreatic 
cancer.

In conclusion, we found that the TP53 Pro/Pro genotype 
had a profound effect on pancreatic cancer risk among males, 
in particular heavy smokers and excessive alcohol drinkers. 
Since our study scale was small, replication studies with more 
samples are warranted.
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