
Abstract. The TP53 polymorphism occurs at codon 72 of
exon 4 with two alleles encoding either arginine or proline.
The association between this common polymorphism and
risk of different cancers has been extensive studied, however
various reports are controversial. We have analyzed the 72Pro
polymorphic variant in patients with adrenocortical tumors to
evaluate whether 72G➝C substitution at codon 72 of TP53
gene may be associated with increased risk for malignancy in
adrenal cortex in comparison to the control group. DNA
extracted from peripheral leucocytes of 46 Polish patients
with adrenocortical tumors (17 malignant and 29 benign) and
50 controls was examined by PCR-HD method followed by
direct sequencing. TP53 polymorphism in codon 72 was
found in 47% of ACC cases, in 28% of patients with
adenomas and in 24% of controls. The genotype Arg/Arg,
Arg/Pro and Pro/Pro distribution was respectively 53%/
35%/12% for cancers, 72%/28%/0% for benign tumors and
76%/24%/0% for controls. High frequency of 72Pro allele in
patients with carcinoma (29%) in comparison to the benign
tumors (14%) and controls (12%) was statistically analyzed.
We found that 72Pro variant of TP53 gene was associated
with a significantly increased risk of ACC (OR = 3.05; 95%
CI = 1.17-7.91, p=0.03). Our results suggest that the TP53
codon 72 polymorphism could be associated with susceptibility
for adrenocortical cancer in the examined Polish patients.

Introduction

The TP53 tumor suppressor gene, located on chromosome
17p13, is one of the most important protectors of genomic
integrity. It controls cell growth and division, detects DNA
damage and is involved in the process of transcription of
genes that are responsible for DNA repair and apoptosis (1,2).
The alterations in TP53 sequence which are associated with
p53 protein inactivation are considered to play an important
role in the process of carcinogenesis. Somatic mutations in
TP53 gene are frequent genetic events observed in various
human neoplasms with the frequencies varying from 10%
to 60% (3,4). Germ-line mutations in TP53 are found in 70%
families affected by Li-Fraumeni syndrome (LFS) and some
of them are associated with familial predisposition to early
onset cancers development in mutation carriers (5-7).

The polymorphisms in TP53 gene, defined as DNA
sequence variations, are localized mainly in introns. The
functional consequence of intronic variations are speculated.
It has been suggested that mutations in intron sequences may
initiate aberrant mRNA splicing, influence coding region
mutations or affect DNA-protein interactions (8-10). Only
five polymorphisms were found in coding regions (exons) at
codons 21, 36, 47, 72 and 213. Three of them (21, 36 and
213) are silent and do not change amino acid sequence (11-13).
The codon 47 polymorphism is rare (14), while polymorphism
in codon 72 is common. In various reports, the codon 72
polymorphism was considered as a potential risk factor for
different neoplasms, particularly in lung, skin and head and
neck carcinomas, but results are controversial (15-17).

Tumors of adrenal cortex are rather common clinical
problem. Most of the tumors are benign (adenomas, AA)
non-functional (incidentalomas) or manifesting as endocrine
syndromes (18). In contrast, adrenocortical cancer (ACC) is
a very rare malignancy with an incidence of 1-2 per million
population per year (19). This extremely aggressive neoplasm
with very poor prognosis is a heterogeneous disease. Some
patients survive >5-10 years despite metastasis, whereas in
others a rapid progress not responding to any therapy is
observed (19,20). Several authors have attempted to predict
prognosis on clinical, histological and molecular grounds
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(21,22). Some reports suggested a role for the TP53 somatic
mutations in carcinogenesis in adrenal cortex but the main
limitation of these studies is often the rarity of ACC (23-25).
However, molecular studies that would allow to predict the
risk of malignancy in adrenal cortex have not been performed
so far. The aim of this study was to investigate whether a
common polymorphism at codon 72 of the TP53 gene could
predispose individuals to adrenocortical cancer development.

Patients and methods

Patients. A group of 46 Polish patients with adrenal tumors
were investigated. Patients underwent clinical, radiological
and hormonal evaluation. Final diagnosis was based on
histopathological examination of adrenal tissues obtained at
adrenalectomy. Grading of ACC was performed according to
Weiss criteria of malignancy (26). Functional tumors were
characterized by presence of typical clinical features and
increased level of hormones (DHEA-S, aldosterone, cortisol,
testosterone). MacFarlane criteria (27), modified by Sullivan
et al (28), were used for determination of clinical stage of
ACC. Twenty-nine tumors were diagnosed as benign
(adenoma), including 12 hormonally active cases and 17
incidentally found. In 17 patients malignant neoplasm was
diagnosed both functional (n=6) and non-functional (n=11).
None of the patients had family cancer history and no family
fulfilled Li-Fraumeni syndrome criteria. The control group
comprised of 50 healthy unrelated individuals (25 men, 25
women) aged 40-55 years, without hormonal and radiological
abnormalities in adrenal glands and with no family history of
adrenocortical cancer. Histopathological and clinical data are
summarized in Table I.

Methods. Peripheral blood (5 ml) was collected from all
patients. Genomic DNA was extracted from blood samples by
standard procedure with guanidine izothiocyanate, followed
by phenol/chloroform extraction. DNA was quantified by
measuring absorbance with spectrophotometer. Exon 4 of
TP53 gene were examined using initial amplification of DNA
sample by polymerase chain reaction (PCR). DNA (125 ng)
was amplified in 20 μl PCR reaction mix containing: 2.5 nmol
of deoxinucleotide triphosphates (dNTPs), 15 pmol of
forward and reverse primers, 1.5 mM MgCl2, 1 U Taq poly-
merase (Sigma), 1X buffer (Sigma). Primers sequences used
for PCR were projected by use of the DNA Star Primer

Select program (Table II). Initial denatu-ration at 95˚C for
300 sec was followed by 30 cycles of denaturation (92˚C) for
30 sec, annealing (67˚C) for 45 sec and extension (72˚C) for
60 sec in automated DNA Thermal Cycler (PTC-200, MJ
Research). Samples without DNA were included as a negative
control. Screening for the alterations in DNA sequence of
examined coding regions was performed by heteroduplex
analysis (HD). For products of amplification of exon 4 (372
bp) heat denaturation for 5 min at 95˚C followed by
reannealing at 65˚C for 1 h was performed to induce
heteroduplex formation. Samples were loaded on 10%
native polyacrylamide gel and separated by vertical electro-
phoresis at 100 V for 10 h. The silver staining reaction was
used for DNA detection and differences in band patterns
were searched for (Figs. 1 and 2). Furthermore, selected
probes, in which heteroduplex occurred, were tested by cycle
sequencing to confirm and identify sequence variation. Cycle
sequencing reaction was performed using Cy5 dye labeled
forward primers and ThermoSequenase Cycle Sequencing kit
(USB) and ALFwin Sequence Analyzer 2.00.15 (Pharmacia
Biotech). Examples of sequencing analysis are shown in
Fig. 3.

Statistical analysis. Chi-square test was used to compare
cases and controls for the polymorphism, genotype prevalence
and allelic distribution. The association between the codon
72 polymorphism and both ACC and AA was estimated by
calculating the odds ratios (ORs) and their 95% confidence
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Table I. Clinical and histopathological data of adrenocortical
tumors (n=46).
–––––––––––––––––––––––––––––––––––––––––––––––––

Adrenocortical Adrenocortical
carcinomas adenomas

–––––––––––––––––––––––––––––––––––––––––––––––––
Number 17 29
Sex (F/M) 11/6 26/3
Median age (years) 45 (23-55) 54 (32-74)
Median size (cm) 10 (5-20) 2.5 (0.7-5.7)
Hormone secretion (n) 6 12
Incidentally found (n) 11 17
–––––––––––––––––––––––––––––––––––––––––––––––––

Table II. Primer sequence and the length of PCR product.
–––––––––––––––––––––––––––––––––––––––––––––––––

PCR
product

Primers Sequence (5'-3') (bp)
–––––––––––––––––––––––––––––––––––––––––––––––––
p53ex4 F GCTCTTTTCACCCATCTACAGTCC 372
p53ex4 R AACAAAAGAAATGCAGGGGGATAC
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Fragment of the PCR-HD analysis of TP53 codon 72 in patients
with adrenocortical cancer; in lanes 2 and 6 heteroduplex formations are
shown.

Figure 2. Example of the PCR-HD analysis of TP53 codon 72 in the control
group; heteroduplex formation is seen in lane 1.
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intervals. Additional analyses were performed to detect the
modification effect by sex and age. Data analysis was
performed with Statistica v.6.1 (StatSoft Inc.) Statistical
significance was set at p-value <0.05.

Results

Females were overrepresented in the adenoma cases with
men overrepresented in the controls. The mean ages were 45
years for carcinoma, 54 years for adenoma cases and 46 for
the controls. Malignant tumors had significantly larger size
than adenomas. Adrenocortical tumors were localized more
often in the left adrenal gland.

The PCR-HD analysis of exon 4 followed by direct
sequencing showed 72G➝C substitution (CGC➝CCC) in 16
of 46 patients with adrenocortical tumors: in 8 of 17
carcinomas (47%), in 8 of 29 adenomas (28%). Genetic
alterations in codon 72 was also detected in the control group
with the frequency of 24%. Additional analysis distinguished
3 genotypes: Arg/Arg, Arg/Pro, Pro/Pro according to alleles
distribution. The Pro/Pro genotype was detected only in
patients with adrenocortical carcinoma (2 of 17 cases, 12%),
while homozygous genotype Arg/Arg characterized 53% and
heterozygous Arg/Pro genotype was found in 35% of patients

with malignant neoplasm. Distribution of the genotypes in
the adenoma group was different: Arg/Arg showed 72% and
Arg/Pro 28% of cases. None of the patients with benign
tumor had the Pro/Pro genotype. Individuals from the control
group revealed 24% of Arg/Pro genotype, the rest were
homozygous for arginine. For the purpose of this analysis the
Pro/Pro genotype was combined with Arg/Pro genotype
because of the small number of homozygous Pro/Pro and to
make possible the statistical calculation. Combined variant
genotype group had 2.8-fold higher risk for adenocortical
carcinoma than the Arg/Arg genotype (OR = 2.8, 95% CI =
0.88-8.91) but no significance was observed (p=0.13). The
same analysis was performed for adenoma cases. However,
combined Arg/Pro + Pro/Pro genotype was not associated
with the risk of AA (OR = 1.2, 95% CI = 0.42-3.41).
Moreover, there was almost no difference in the genotype
distribution between the adenoma patients and controls. The
Arg/Arg variant genotype was taken as referent. Genotype
distribution in the groups and odds ratios for adrenocortical
carcinoma and adenoma are summarized in Table III.

The analysis of allele frequencies showed a high
percentage of 72Pro polymorphic variant in patients with
ACC (29%) in comparison with the benign tumor cases (14%).
However, this substantial difference was not statistically
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Figure 3. Sequencing analysis of the TP53 exon 4 showed G➝C transversion in codon 72 and allowed to determine the genotype variants (Arg/Pro heterozygote,
Arg/Arg and Pro/Pro homozygotes). Codon 72 is shown in frames.
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significant (p=0.11). The comparison of the adenoma group
and the controls had also no statistical significance (p=0.74).
Instead, we found statistically significant correlation
comparing allelic variant frequencies in both carcinoma and
control groups (29% vs 12%, p=0.03). The carriers of the
72Pro allele had a 3.05-fold higher risk of adrenocortical
cancer development (OR = 3.05, 95% CI = 1.17-7.92). The
risk for benign tumor development in 72Pro carriers was not
increased (OR = 1.17, 95% CI = 0.44-3.06). Allelic distribution
and ORs for ACC and AA are shown in Table IV. For ACC
cases the TP53 72Pro and 72Arg allele frequencies were
further examined by stratification of selected factors (Table V).
The association between 72Pro polymorphic allele and the
risk of cancer was more pronounced in individuals >45 years
(OR = 3.15) in comparison to patients ≤45 years. Moreover,
women who were 72Pro allele carriers had higher risk of
cancer (OR = 3.75) than men (OR = 3.00), however, this was
not statistically significant (p=0.07).

Discussion

There are many reports on the TP53 codon 72 polymorphism
that estimate a risk of cancer development in various ethnic
groups and consider genotype distribution and allele

frequencies in different human carcinomas. This is the first
study examining the association between codon 72 poly-
morphism of the TP53 gene and the risk of adrenocortical
tumors. This common polymorphism defined as G➝C
transversion leads to incorporation of proline (CCC) instead of
arginine (CGC) in position 72 of p53 protein. Amino acid
substitution is responsible for alteration in the structure and
biological function of p53 protein and is considered to be
associated with carcinogenesis.

We would like to emphasize that the current study
concerns adrenocortical carcinomas that are one of the most
rare cancers. The rarity of this malignancy is the main
limitation of more numerous studies on ACC. Due to the low
incidence it is difficult to gain experience in diagnosing and
treating these tumors. Therefore, even reports with small
number of patients (e.g. 23,24,47) that investigate molecular
aspects of ACC development can be valuable to improve our
knowledge on this cancer.

In our study, the TP53 codon 72 polymorphism occurred
almost two times more frequently in patients with adreno-
cortical cancer (47%) than in benign tumors (28%) and
controls (24%). Despite marked difference in frequencies, no
significance was observed when comparing ACC and the
control group. The distribution of the TP53 codon 72 geno-
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Table III. Frequency distribution of TP53 gene genotypes among studied groups and its association with risk of ACC and AA.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Genotype ACC Controls OR p-value AA Controls OR p-value

n (%) n (%) (95% CI) n (%) n (%) (95% CI)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Arg/Arg 9 (53) 38 (76) Referent 21 (72) 38 (76) Referent

Arg/Pro + Pro/Pro 8 (47) 12 (24) 2.81 (0.88-8.91) 0.13 8 (28) 12 (24) 1.20 (0.42-3.41) 0.93
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table IV. Frequency distribution of TP53 alleles between patients and controls and its association with risk of ACC and AA.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Allele ACC Controls OR p-value AA Controls OR p-value

n (%) n (%) (95% CI) n (%) n (%) (95% CI)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

72Arg 24 (71) 88 (88) Referent 50 (86) 88 (88) Referent

72Pro 10 (29) 12 (12) 3.05 (1.17-7.92) 0.03 8 (14) 12 (12) 1.17 (0.44-3.06) 0.74
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table V. Stratification analyses of allelic frequencies and ORs for ACC by selected patient characteristics.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Cases Controls OR (95% CI)
––––––––––––––––––– ––––––––––––––––––– ––––––––––––––––––––––––––––
72Arg 72Pro 72Arg 72Pro 72Arg 72Pro

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age

≤45 11 5 47 7 Ref. 3.05 (0.08-11.45)
>45 13 5 41 5 Ref. 3.15 (0.78-12.63)

Sex
Female 16 6 40 4 Ref. 3.75 (0.93-15.08)
Male 8 4 48 8 Ref. 3.00 (0.72-12.34)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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types among the groups revealed that only patients with ACC
were homozygous for the proline. Genotype Pro/Pro was not
found in benign tumors or in the control group. Moreover,
homozygous Pro/Pro genotype coexisted with malignant
tumors sized 16-20 cm, the largest diameters in the studied
groups, but the very small number of cases (n=2) excluded
statistical analysis. Because the Pro/Pro genotype was
infrequent we decided to combine subjects with Pro/Pro
genotype with the Arg/Pro genotype to perform statistical
calculation. The group with combined variant genotypes
(Arg/Pro and Pro/Pro) had 2.8-fold higher risk of
adenocortical carcinoma (p=0.13). We did not find an
increased risk of adenomas in individuals with Arg/Pro
genotype (OR = 1.2). These results suggest the possibility of
association between the genotype with the presence of one or
both variant alleles and the susceptibility to adrenocortical
cancer. The codon 72 of TP53 gene had no association with
benign tumor development.

The analysis of allelic frequencies among cancer cases
and controls revealed that the frequency of the TP53 72Pro
allele in adrenocortical cancers was statistically different
from controls (29% versus 12%, p=0.03). No statistical
significance was observed when the variant 72Pro
frequencies were compared in benign tumors and controls
(p=0.74). Further analysis showed that the presence of
polymorphic allele was a statistically significant risk factor
for adrenocortical cancer. Individuals who were 72Pro allele
carriers had 3.05-fold higher risk of ACC. These results
indicate increased predisposition to cancer development in
the 72Pro carriers and suggest an important role of 72Pro
allele in adrenal carcinogenesis. Stratification for age showed
slightly increased risk of ACC in patients older than 45 years
in comparison to cases under 45, but for both groups the risk
exceeded 3.0. We also found higher, however, not statistically
significant, risk of ACC in women with the 72Pro variant as
compared to men, after stratification for sex. This finding is
interesting because the presence of the polymorphic allele
may be associated with a predominance of ACC in women,
observed in different populations, but this hypothesis requires
further examination (19,20).

The estimation of polymorphic variant frequency in
healthy Polish population would be important to determine
the influence of the TP53 gene polymorphism on predisposition
to adrenocortical cancer. Beckman et al showed that dis-
tribution of polymorphic variant in Europe oscillated from
17% for Swedish to 32% for southern Europe, but Polish
were not considered in this study (29). We found only one
report on the TP53 codon 72 polymorphism in 52 healthy
Polish women (30). For comparable number of probes the
genotype distribution in that study was similar to ours except
homozygous Pro/Pro genotype. It is intriguing that in our
research neither in the control group nor in adenoma group
the Pro/Pro genotype was found. One possible explanation is
a selection bias in the genotype distribution of the control
group. The reason may also be a geographical and ethnic
backgrounds as well as sex of the groups.

The association between the TP53 polymorphism at
codon 72 and a risk of different cancers has been investigated
in several studies. The role of both 72Pro and 72Arg variants
as risk factors have been examined for carcinogenesis of the

lung, cervix, breast, bladder, skin and head and neck.
However, not all reports have been consistent. According to
Kawaijiri et al (31) and Wu et al (32) the 72Pro allele was
associated with an elevated risk of lung cancer, especially in
Caucasian. It was shown (32) that distribution of genotype
frequencies were strongly dependent on ethnicity. In another
study, the presence of the polymorphic 72Pro form markedly
increased risk of lung malignancy in male smokers from
Chile (33). Fan et al (15) reported that the Arg/Pro and
Pro/Pro genotypes contributed to a heritable susceptibility for
smoke-induced lung carcinoma. Other studies showed either
no association between polymorphism and lung cancer (35)
or only slightly elevated association (34). Interestingly,
several scientific groups have revealed the role of 72Arg
allele in carcinogenesis. Papadakis et al (36) proved that
homozygous Arg/Arg genotype was associated with advanced
lung cancer and that Arg allele was preferentially retained in
Arg/Pro germline heterozygotes. Storey et al (37) showed
that homozygote Arg/Arg were seven times more susceptible
to human papilloma virus-associated cervical cancer. Zehbe
et al (38) also found that the TP53 codon 72 arginine
homozygosity was a risk factor for cervical cancer in
Swedish and Italian women, but other reports did not confirm
this hypothesis (39-41). Increased risk of cancer development
in patients homozygous for the arginine variant of TP53
codon 72 was also observed in bladder (42) and breast cancers
(43). Other publications on correlation between the 72 codon
polymorphism and a pre-disposition to breast, bladder and
head and neck malignancies have not revealed statistically
significant association for these cancers development
(44,45). Different results were also observed in skin
neoplasm. The individuals with Pro/Pro genotype had
increased risk of skin cancer in patients from Taiwan (17)
while Americans diagnosed with cutaneous melanoma were
at increased risk of the disease if they were homozygous for
arginine (46). It seems that ethnicity and environmental factors
as well as exposure to carcinogens could modulate the
genetic predisposition and should be taken into account.
Furthermore, biases in study design and various methodo-
logical features could explain the divergence of the results.

The polymorphism at codon 72 that results in amino acid
substitution is responsible for alteration in the primary structure
and different biological function of protein (48,49). Thomas
et al (49) noted differences between two p53 variants in their
abilities to activate the expression of p53 responsive
promoters, in activation of the transcription and the apoptosis
induction. These investigations are important for genetic
hypothesis of cancer development and may influence the
response on chemotherapy (50,51). Other researchers also
reported functional differences between the polymorphic
variants. Codon 72 is localized in the proline-rich domain of
p53, between residues 61 and 94 (1,2). This region has a
crucial role for effective transduction of antiproliferative
signals and is strongly connected with programmed cell
death (52). Changes in the proline-rich domain markedly
impair its ability to induce apoptosis. Dumont et al (48)
reported that 72Pro and 72Arg variants have different
apoptotic potential. Moreover, p53 protein with arginine in
position 72 indicates programmed cell death 5-10 times better
then 72Pro variant. Lower apoptotic potential of the 72Pro
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variant may influence cancer development or treatment. On
the other hand, the authors suggested that tumors containing
72Arg variant might be predicted to respond more favorable
to radiation or chemotherapy.

In conclusion, this study showed that the presence of
CCC sequence encoding proline at codon 72 of TP53 gene
was significantly associated with increased risk of adreno-
cortical cancer. This finding suggests that 72Pro allele may
be a risk factor for ACC, predisposing individuals to adreno-
cortical carcinogenesis. Additional larger population-based
case-control studies on the TP53 codon 72 polymorphism as
a genetic predictor for malignant transformation in adrenal
cortex are required to confirm our findings.
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