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Abstract
AIM: To analyze the association between the p73 G4C14- 
to-A4T14 polymorphism (a.k.a., the GC/AT variation) 
and colorectal cancer risk and survival in the Korean 
population, and to evaluate the relationships between 
p73 polymorphism and the p73 protein expression or 
clinicopathological characteristics of colorectal cancer.

METHODS: Three hundred and eighty-three histologi-
cally confirmed cases and 469 healthy controls, recruit-

ed at one teaching hospital in Pusan, Korea from 2001 
and 2007, were genotyped for p73 G4C14-to-A4T14 
by PCR with confronting two-pair primers (PCR-CTPP) 
and the expression profile of p73 in cancer tissues (n 
= 383) was analyzed by immunohistochemistry.

RESULTS: Odds ratios (ORs) and 95% confidence in-
tervals (CIs) were calculated by unconditional logistic re-
gression model adjusted for age and gender. Compared 
with the GC/GC genotypes, the GC/AT and AT/AT geno-
types were significantly associated with colorectal cancer 
risk (GC/AT vs  GC/GC: OR = 1.46, 95% CI: 1.10-1.94; 
AT/AT vs  GC/GC: 1.72, 0.98-3.03; P trend = 0.01). When 
stratified by age and gender, the association was restrict-
ed to those less than 60 years of age (GC/AT or AT/AT vs  
GC/GC: 2.22, 1.39-3.55) and male (GC/AT or AT/AT vs  
GC/GC: 1.91, 1.31-2.77). The expression of p73 was as-
sociated with invasion depth (P  = 0.003) and advanced 
Duke’s stage (P  = 0.06) of colorectal cancer. The patients 
with the GC/GC genotype were associated with worse 
survival compared with those with the other genotypes 
(P  = 0.02). However, no significant relationship was ob-
served between the p73 G4C14-to-A4T14 polymorphism 
and p73 protein expression in cancer tissues.

CONCLUSION: Our results suggest that the p73 GC/AT 
polymorphism is associated with an increased colorectal 
cancer risk and survival in the Korean population.
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INTRODUCTION
Colorectal cancer is a multigenetic disease whereby bio-
logically relevant single nucleotide polymorphisms might 
play roles as genetic susceptibility factors. One of  the 
candidates is the p73 gene, which is structurally similar 
to p53 and localized to the 1p36 chromosomal region[1]. 
Functionally, p73 activates the promoters of  several p53-
responsive genes participating in cell-cycle control, DNA 
repair, and apoptosis and inhibits cell growth in a p53-
like manner by inducing apoptosis or G1 cell-cycle ar-
rest[2,3]. Increased p73 protein expression has been found 
in human malignancies associated with p53 mutations[4,5], 
suggesting a role of  p73 in compensating for the loss of  
p53 function[4-6]. However, overexpression of  wild-type 
p73 might have some p53-independent functions either 
as an oncogene or as a tumor suppressor gene in human 
tumorigenesis[7,8]. 

It is not known whether the alteration of  p73 expres-
sion has any genetic basis such as sequence variations or 
polymorphisms. The two completely linked single nucleo-
tide polymorphisms at positions 4 (G→A) and 14 (C→T) 
affect p73 function by altering gene expression[1]. This di-
nucleotide polymorphism lies just upstream of  the initiat-
ing AUG in exon 2, a region that could form a stem-loop 
structure and modulate susceptibility to cancer[1,9,10]. There 
are several studies indicating that subjects with the p73 
GC/AT polymorphism might have an increased risk for 
certain types of  cancers, including colorectal cancer[11-13]. 
Other studies reported that overexpression of  the p73 
protein has been seen in benign and malignant tumors, 
including colorectal cancer, when compared with the 
matched normal tissues[14]. In addition, p73 overexpres-
sion was correlated with a poor prognosis in colorectal 
cancer[14], hepatocellular carcinoma[15], and breast cancer[16] 
in several studies. However, the genotype-phenotype rela-
tionship between the p73 polymorphism and p73 protein 
expression in colorectal cancer has not yet been studied.

In this context, we hypothesized that the p73 GC/AT 
polymorphism plays an important role in colorectal car-
cinogenesis and progression of  colorectal cancer in the 
Korean population. We also evaluated the relationship be-
tween the p73 polymorphism and p73 protein expression. 

MATERIALS AND METHODS
Study population and tissue samples
Three hundred and eighty-three colorectal cancer cases 
and 469 cancer-free controls were recruited from the 
Dong-A University Medical Center between January 2001 
and December 2007. All cancer cases were histopathologi-
cally confirmed and had no preoperative chemotherapy or 

radiotherapy. The clinical records and pathological reports 
were also obtained for cases. The HE-stained slides were 
reviewed in each case to confirm the original diagnosis, 
which was based on the WHO classification[17]. Postopera-
tive pathological staging was determined according to the 
Dukes’ classification system for colorectal cancer[18]. The 
control subjects were randomly selected from a pool of  
non-cancer individuals of  Busan city residents. These sub-
jects were matched to cases by age (± 5 years) and area of  
residence. 

This study was approved by the institutional review 
board and written informed consent was obtained from 
all subjects. 

Genotyping
Immediately after surgical resection of  colorectal can-
cer, tumor tissues and adjacent normal colon tissues 
were sampled by a pathologist and stored at -80℃. The 
genomic DNA was extracted from normal colorectal tis-
sue (cancer cases) and blood samples (controls) using a 
Wizard genomic DNA purification kit (Promega, USA), 
according to the manufacturer’s instructions.

DNA amplification and genotyping of  the p73 GC/
AT polymorphism were performed by the method of  
the polymerase chain reaction with confronting two-
pair primers (PCR-CTPP). DNA was amplified with 
the primers: 5'CCACGGATGGGTCTGATCC (F1) 
and 5'GGCCTCCAAGGGCAGCTT (R1) for the A 
allele, and 5'CCTTCCTTCCTGCAGAGCG (F2) and 
5'TTAGCCCAGCGAAGGTGG (R2) for the G allele. 
Allele specific bases are underlined. PCR was performed 
in a volume of  20 μL containing 100 ng of  DNA tem-
plate, 0.2 mmol/L each deoxynucleotide triphosphate, 
1 × PCR buffer (50 mmol/L KCl, 10 mmol/L Tris 
HCl, and 0.1% Triton X-100), 1.5 mmol/L MgCl2, 1 U 
of  Taq polymerase (Sigma-Aldrich Biotechnology) and  
10 pmol of  each of  four primers. For amplification, an ini-
tial denaturation step at 95℃ for 10 min was followed by 
35 cycles of  95℃ for 1 min, 62℃ for 45 seconds, and 72℃ 
for 1 min, and a final extension step at 72℃ for 5 min.  
The amplified DNA was visualized on a 2% agarose gel 
with ethidium bromide staining. The p73 G4A polymor-
phism was genotyped as a 193 base pair band for the G 
allele, a 270 base pair band for the A allele, and a 428 
base pair common band (GenBank: AL 136528, Figure 1). 
The genotyping by PCR-CTPP analysis was confirmed 
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Figure 1  Detection of the p73 genotype by polymerase chain reaction with 
confronting two-pair primers. Lane M: 100-bp DNA ladder; Lanes 1 and 5: 
GC/GC genotype; Lanes 2, 3 and 6: GC/AT genotype; Lane 4: AT/AT genotype.



by DNA sequencing analysis; the results of  PCR-CTPP 
genotyping and sequencing analysis were completely con-
cordant (Figure 2). The genotype distributions of  con-
trols were in agreement with Hardy-Weinberg equilibrium 
(P = 0.71).

Immunohistochemistry
Immunohistochemical study was performed for p73 pro-
tein expression with tissue microarray (TMA) slides pre-
pared by the avidin-biotin-peroxidase complex method. De-
paraffinization of  all the sections was performed through 
a series of  xylene baths, and rehydration was performed 
with a series of  graded alcohol solutions. To enhance im-
munoreactivity, microwave antigen retrieval was performed 
at 750 W for 30 min in Tris-EDTA buffer (pH 9.0). After 
blocking endogenous peroxidase activity with 5% hydrogen 

peroxidase for 10 min, primary antibody incubation was 
performed for 1 h at room temperature. The primary an-
tibody was a mouse monoclonal antibody directed against 
p73 (abcam, Cambridge, UK) used in a 1:100 dilution. An 
Envision Chem Kit (DakoCytomation, Carpinteria, CA, 
USA) was used for the secondary antibody at room temper-
ature for 30 min. After washing the tissue samples in Tris-
buffered saline for 10 min, 3,3’-diaminobenzidine was used 
as a chromogen, and Mayer’s hematoxylin counterstain was 
applied. 

All the slides were evaluated without knowledge of  
any of  the clinicopathological data. p73 immunoreactivity 
was defined by a nuclear staining pattern of  the lesional 
tissue with a minimal background. The percentage of  
immunoreactive tumor cells was categorized into four 
groups: 0 (0%), 1 (1%-10%), 2 (11%-50%), and 3 (> 
50%). The staining intensity was also categorized into four 
groups: 0 (negative), 1 (weak), 2 (moderate), and 3 (strong). 
A final score was obtained for each case by multiplying the 
percentage and the intensity score. Finally, tumors with 
multiplied scores exceeding 4 (i.e. tumors with a moderate 
and strong intensity of  > 10% of  the tumor cells) were 
recorded as positive immunoreactivity to p73; all the other 
scores were considered negative.

Statistical analysis
Colorectal cancer risks were estimated as the odds ratios 
(OR) and 95% confidence intervals (CI) calculated by an 
unconditional logistic regression model adjusted for age 
and gender. χ2 tests were used to assess the relationship 
between the immunoreactivity of  p73 protein and the clin-
icopathological characteristics of  colorectal cancer patients 
and p73 genotypes. In survival analysis, survival curves 
were computed according to the Kaplan-Meier method. 
All statistical analysis was performed with the Statistical 
Package Service Solution software (SPSS for Windows, 
Standard version 14.0, Chicago, IL, USA).

RESULTS
The p73 G4C14 to A4T14 polymorphism and colorectal 
cancer risk
Due to frequency matching, the median ages were simi-
lar between cases (60.4 ± 11.6 years) and controls (60.2 
± 6.2 years) (data not shown). 

The genotype frequencies of  the p73 G4C14 to 
A4T14 polymorphism among the controls and cases are 
shown in Table 1. The frequency of  the p73 genotypes in 
the colorectal cancer patients (GC/GC 47.8%, GC/AT 
44.6%, AT/AT 7.6%) was significantly different from that 
in the control groups (GC/GC 57.8%, GC/AT 36.9%, 
AT/AT 5.3%). When the GC/GC genotype was used 
as the reference, the GC/AT and the AT/AT genotypes 
were significantly associated with the risk for colorectal 
cancer (OR = 1.46, 95% CI: 1.10-1.94; and OR = 1.72, 
95% CI: 0.98-3.03, respectively; Ptrend = 0.01). In a domi-
nant model, the combined variant genotype (GC/AT or 
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Figure 2  GC/GC genotype (A), GC/AT genotype (B), AT/AT genotype (C) 
confirmed by sequencing.
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AT/AT) increased the risk by 1.5-fold compared with the 
GC/GC genotype (OR = 1.50, 95% CI: 1.14-1.96). Strati-
fied analysis showed that the association was restricted to 
patients less than 60 years of  age (GC/AT or AT/AT vs 
GC/GC: 2.22, 1.39-3.55) and male (GC/AT or AT/AT vs 
GC/GC: 1.91, 1.31-2.77) (Table 2). 

When various clinicopathological characteristics of  
the colorectal cancer patients were compared by the p73 
GC/AT genotypes, p73 G4C14 to A4T14 polymorphism 
was correlated with age (P = 0.003), but there were no sig-
nificant associations of  p73 polymorphism with gender, 
histological type, invasion depth, lymph node metastasis, 
and Dukes’ stage (each P > 0.05) (data not shown).

Relationship between the p73 G4C14 to A4T14 
polymorphism and p73 expression 
p73 immunoreactivity was detected in 252 (65.8%) out 
of  the 383 colorectal cancer tissues (Table 3). The pro-
portion of  positive p73 expression was higher among 
those with GC/AT or AT/AT genotypes (54.0%) than 
that among those with GC/GC genotype (46.0%) (P = 
0.40). Although there was no statistical significance, AT/
AT genotype (6.0%) showed a tendency towards lower 
expression of  the p73 protein expression than those 
with GC/GC genotype (46.0%) and GC/AT genotype 
(48.0%) when stratified by three genotypes (P = 0.09).

Among various clinicopathological characteristics, 
invasion depth (P = 0.003) and advanced Duke’s stage 
(P = 0.06) of  colorectal cancer were correlated with p73 
expression. There were no significant associations of  p73 

protein expression with age, gender, histological type, and 
lymph node metastasis (each P > 0.05, Table 4, Figure 3).

The p73 G4C14 to A4T14 polymorphism and colorectal 
cancer survival
The patients with GC/GC genotype were associated 
with worse survival compared with those with the other 
genotypes (P = 0.02, Figure 4). The 5-year overall survival 
(OS) was 64.1% among those with GC/GC genotype and 
76.3% among those with GC/AT or AT/AT genotypes. 

DISCUSSION
In our study, the p73 GC/AT polymorphism was associat-
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Table 1  Distribution of the p73 G4C14 to A4T14 polymor-
phism and colorectal cancer risk  n  (%)

p73 genotype Cases Controls OR (95% CI)1

(n  = 383) (n  = 469)

GC/GC 183 (47.8) 271 (57.8)  1.00 (reference)
GC/AT 171 (44.6) 173 (36.9) 1.46 (1.10-1.94)
AT/AT 29 (7.6) 25 (5.3) 1.72 (0.98-3.03)
GC/AT or AT/AT 200 (52.2) 198 (42.2) 1.50 (1.14-1.96)
Ptrend 0.01

1Adjusted for age and gender.

Table 2  Stratified analysis by age and gender for the asso-
ciation between p73  G4C14 to A4T14 polymorphism and 
colorectal cancer risk

Variables p73 genotype  Odds ratio of 
GC/AT + AT/AT
OR (95% CI)1GC/GC

(case/control)
GC/AT + AT/AT

(case/control)

Age (yr)
< 60 70/81 96/50 2.22 (1.39-3.55)
≥ 60 113/190 104/148 1.18 (0.84-1.66)

Gender
Male   88/153 114/104 1.91 (1.31-2.77)
Female   95/118 86/94 1.14 (0.76-1.69)

1Adjusted for age and gender.

Table 3  The relationship between p73 protein expression and 
genotypes in 383 colorectal cancer patients  n  (%)

Genotype Cases p73 protein expression P

Positive Negative
(n  = 252) (n  = 131)

GC/GC 183 116 (46.0) 67 (51.1) 0.09
GC/AT 171 121 (48.0) 50 (38.2)
AT/AT   29 15 (6.0) 14 (10.7)
Ptrend 0.40
GC/GC 183 116 (46.0) 67 (51.1)
GC/AT+AT/AT 200 136 (54.0) 64 (48.9)

Table 4  The relationship between p73 protein expression 
and clinicopathological characteristics in 383 colorectal can-
cer patients  n  (%)

Clinicopathological 
characteristics

No. of
cases

p73 protein expression P

Positive Negative
(n  = 252) (n  = 131)

Age (yr)  0.45
< 60 166 113 (68.1)    53 (31.9)
≥ 60 217 139 (64.1)    78 (35.9)

Gender  1.00
Male 203 134 (66.0)    69 (34.0)
Female 180 118 (65.6)    62 (34.4)

Histological type  0.19
Well 256 169 (66.0)    87 (34.0)
Moderate 102   64 (62.7)    38 (37.3)
Poorly   12     7 (58.3)      5 (41.7)
Mucinous   13   12 (92.3)    1 (7.7)

Invasion depth  0.003
Mucosa     3     1 (33.3)      2 (66.7)
Submucosa     9    9 (100) 0 (0)
Muscle   47   39 (83.0)      8 (17.0)
Subserosa 324 203 (62.7)  121 (37.3)

Lymph node metastasis  0.67
Positive 175 113 (64.6)    62 (35.4)
Negative 208 139 (66.8)    69 (33.2)

Dukes’ stage  0.06
A     3     1 (33.3)      2 (66.7)
B1   43   36 (83.7)      7 (16.3)
B2 162 102 (63.0)    60 (37.0)
C1   13   10 (76.9)      3 (23.1)
C2 148   92 (62.2)    56 (37.8)
D   14   11 (78.6)      3 (21.4)
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ed with an increased risk of  colorectal cancer. When strati-
fied by age and gender, male subjects less than 60 years of  
age with p73 GC/AT polymorphisms were at an increased 
risk of  colorectal cancer. We suggest that the p73 GC/AT 
polymorphisms, which is associated with an early onset of  
less than 60, might play a more important role in the de-
velopment of  colorectal cancer among younger patients.

The association of  the p73 GC/AT polymorphism 
with cancer risk has been investigated in a variety of  
cancers[11-13,19,20]. There are several studies indicating that 
subjects with the p73 GC/AT polymorphism might 
have an increased risk for head and neck cancer[12] and 
lung cancer in an American population[13]. Pfeifer et al[11] 
found a relationship of  the AT/AT genotype with high 
risk for colorectal cancer in a Swedish population, which 
is consistent with our results. Other studies, however, 
reported that the p73 GC/AT polymorphism was asso-
ciated with a significantly decreased risk for lung cancer 
in a Chinese population[19] and esophageal cancer in an 
Irish population[20]. A few studies even failed to find any 
correlation between the p73 GC/AT polymorphism and 
risk for lung cancers in Korean and Japanese popula-
tions[21,22]. These inconsistent findings suggest that the 
p73 polymorphism might have different roles in various 
cancer types and ethnic populations.

The mechanism whereby the p73 polymorphism in-
fluences colorectal cancer development remains to be elu-
cidated. One study has shown that the GC to AT change 

might lead to formation of  a stem-loop structure, which 
could influence p73 translation efficiency[1]. Another 
study suggested that the p73 GC/AT polymorphism has 
a critical role in the development or progression of  early 
cancerous lesions, possibly due to alteration in expression 
of  the p73 protein, perhaps due to alternative splicing[20]. 
Another study has reported that the GC/AT polymor-
phism is in linkage disequilibrium with other functional 
polymorphisms that affect either the expression or activ-
ity levels of  proteins or enzymes involved in tumorigen-
esis[19]. However, we note that no significant relationship 
between the p73G4C14-to-A4T14 polymorphism and 
p73 protein expression was found in our study. The 
exact relationship between p73 polymorphism and p73 
protein expression might not have been detected due to 
limitations of  this study such as small number of  AT/AT 
groups, relatively small and heterogeneous histological 
and stage subgroups, and the retrospective study design.

In our study, the expression of  p73 was associated with 
invasion depth and advanced Duke’s stage of  colorec-
tal cancer. These results suggest that p73 protein has 
an important role in colorectal cancer progression. p73 
overexpression has been found in various types of  can-
cer, including breast[23], lung[7,8], colorectal[24], and liver[25]. 
These reports indicated that p73 might be involved in the 
development of  cancers. p73 was initially suggested to be 
a tumor suppressor gene[1]. However, the result that p73 
knockout mice do not develop spontaneous tumors[26] and 
the p73 gene is rarely mutated in a human cancers[16], sug-
gesting that the activation of  a silent allele or overexpres-
sion of  p73, rather than an impairment of  tumor suppres-
sor function, might contribute to tumor development. 

To explain the role and mechanism of  p73 protein ex-
pression, this study investigated the associations between 
p73 polymorphism and p73 protein expression. There was 
no statistical significance, when the positive p73 expres-
sion in cases with GC/GC genotype (46.0%), GC/AT 
genotype (48.0%), and AT/AT genotype (6.0%) were 
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Figure 3  Immunohistochemical analysis of p73 in colorectal cancer tissues 
(immunohistochemistry, × 200). A: An adenocarcinoma with the GC/GC geno-
type revealed positive nuclear immunoreactivity for p73; B: An adenocarcinoma 
with AT/AT genotype revealed negative immunoreactivity for p73.
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Figure 4  The p73 G4C14 to A4T14 polymorphism and colorectal cancer 
survival. Kaplan-Meier analysis of overall survival for 383 colorectal cancer 
patients shows that the patients with the GC/GC genotype are associated with 
worse survival compared with those with other genotypes (P = 0.02). 
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stratified by three genotypes. Sun[14] found that overex-
pression of  p73 protein was a valuable prognostic factor 
to predict poor outcome for patients with colorectal can-
cer. Tannapfel et al[15] found that patients with p73 positive 
tumors had a poorer prognosis than those with p73 nega-
tive tumors in hepatocellular carcinoma patients. In this 
study, the patients with GC/GC genotype were associated 
with worse survival compared with those with the other 
genotypes. 

In conclusion, this study provides the first indication 
that the p73 G4C14 to A4T14 polymorphism is signifi-
cantly associated with an increased colorectal cancer risk 
in a Korean population. Moreover, our study suggests 
an association between the p73 GC/AT polymorphisms 
and men with early-onset colorectal cancer. There was 
a significant association of  p73 protein expression with 
invasion depth, which suggests that p73 immunoreactiv-
ity may be a useful pathological marker for colorectal 
cancer progression. However, patients with the GC/GC 
genotype were significantly associated with worse survival 
than those with GC/AT polymorphism. Future molecular 
epidemiologic studies are needed to elucidate the relation-
ship between p73 polymorphism, its related genes, such as 
members of  the p53 family, and p73 protein expression in 
colorectal cancer development, and to define whether the 
association of  p73 protein expression may independently 
occurs of  p73 polymorphism or not. 
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