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Analysis of the R72P polymorphism of the TP53 gene
in patients with invasive ductal breast carcinoma

MARCIA PORTELA DE MELO!, ANA CRISTINA BITTELBRUNN?3 CARLOS HENRIQUE MENKE?3,
DIEGO DE MENDONCA UCHOA®*, LUCIANA GRAZZIOTIN ROSSATO?,
GUSTAVO LUCENA KORTMANN? and SANDRA LEISTNER-SEGAL!3”

Postgraduate Program in Medical Sciences, Federal University of Rio Grande do Sul,
2Mastology Service, >DNA/Breast and Ovary Tissue Bank, HCPA Research Center, “Pathology Service,
SMedical Genetics Service, Hospital de Clinicas de Porto Alegre, Porto Alegre, RS, Brazil

Received November 26, 2008; Accepted May 21, 2009

DOI: 10.3892/mmr_00000174

Abstract. Breast cancer is the most common neoplasia as well
as the main cause of cancer-related death among women,
experiencing a 0.5% increase in incidence per year. The
disease results from a series of mutations in the DNA devel-
opment and repair genes. Approximately 50% of human
carcinomas present mutations in the TP53 gene. Polymorphisms
of TP53 include codon 72 containing either arginine (CGC) or
proline (CCC). Such polymorphisms may be involved in the
susceptibility and predisposition to cancer, presenting a widely
variable ethnic and geographic distribution. The arginine
homozygous genotype seems to be a significant risk factor for
breast cancer. The purpose of this study was to determine the
frequency of the R72P polymorphism of the TP53 gene in
patients with invasive ductal breast cancer from southern
Brazil, where this type of cancer has a high incidence, as well
as its association with breast carcinoma and clinicopathological
characteristics. Seventy-six patients suffering from invasive
ductal breast cancer and 80 controls were analyzed, and
samples were evaluated by PCR followed by restriction
enzyme digestion. No statistical differences in terms of the
genotype frequency (P=0.707) or the arginine and proline
allele frequencies (P=0.469) involving codon 72 were found in
patients compared to controls. Thus, statistical analysis did not
suggest any association between the R72P polymorphism of
the TP53 gene and invasive ductal carcinoma in the population
studied. Additionally, no significant association with the
clinicopathological characteristics presented by the breast
carcinoma patients was found.
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Introduction

Breast cancer is the most common neoplasia (23% of all
carcinomas) as well as the main cause of cancer-related
death among women. Since 1990, there has been a 0.5%
increase in the incidence of breast cancer per year. This rate
of growth allows an estimate of 1.4 million new cases by
2010 (1). Among Brazilian women, breast cancer is the most
common cancer, with the exception of non-melanoma skin
cancer. According to data from the National Cancer Institute
(INCA), an estimated 49,400 new cases will arise in 2008-
2009 (2).

Breast carcinoma results from a series of mutations in
the DNA development and repair genes (3). The activation
of cell proto-oncogenes and the inactivation of tumor sup-
pressor genes are the main genetic changes involved in
tumor development (4). The heterogeneity of the clinical
behavior of breast cancer suggests that its genetic basis may
vary (3). Although the early stages of the disease and the
pathways of carcinogenesis are poorly defined, invasive
carcinoma seems to evolve from an in situ component (5).
The clonal and evolutionary relationship between genetic
and phenotypic variation is demonstrated not only by the
coexistence of two types of lesion, but also by histological
similarities between invasive and in situ components within
the same lesion (5), and by the presence of chromosomal
changes shared by ductal carcinoma in situ (DCIS) and
invasive carcinoma (6).

The TP53 tumor suppressor gene is mutated in approxi-
mately 25% of DCIS, but is rarely mutated in normal breast
tissue or benign proliferative lesions (6). The frequency of
such mutations progressively increases from low-grade
DCIS, reaching 40% in high-grade DCIS (7,8). Thus, changes
in genetic expression in carcinogenesis seem to occur during
the transition from normal breast tissue to DCIS (6).

Chromosomal instability, with the gain or loss of multiple
loci, occurs as hyperplastic lesions progress from DCIS to
invasive ductal carcinoma (9). This indicates that changes in
TP53 play an important role in the process of breast carcino-
genesis (7,8).
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The tumor suppressor gene TP53, located on chromosome 17
(17p13.1), encodes a phosphoprotein that participates in the
cell cycle (10). More than 15,000 inactivating mutations in
TP53 gene alleles have been identified, the majority of these
being missense mutations (11). Approximately 80% of these
mutations are grouped between exons 5 and 8 (12), and change
the conformation, specificity and linking sequence to DNA
and its role as a transcription factor (11). As a result, synthesis
occurs in a stable, non-functional and non-degradable protein
that accumulates in the tumoral cells and is detectable by
immunohistochemistry (13).

Approximately 50% of human carcinomas present mutations
in the TP53 gene, with ensuing loss of function of the p53 pro-
tein, which it encodes (7,12,24). In sporadic breast carcinomas,
these mutations have been identified in 20-50% of cases, with a
marked geographical heterogeneity in our Brazilian population
(12,15-17), and with the loss of the wild-type allele; that is, loss
of heterozygosity (18). A number of studies have examined
the association of mutations in TP53 with different clinical
phenotypes in breast carcinoma. The majority of these studies
found the presence of mutations to be associated with reduced
patient survival (7).

Protein p53 has been called the ‘guardian of DNA integrity’,
acting as a transitional regulator induced in response to DNA
damage, which may lead to the subsequent interruption of
the cell cycle or the induction of apoptosis in response to the
depletion of metabolites, thermal shock, hypoxy, viral onco-
proteins and activated cell oncogenes (4,12,19-22).

The TP53 gene is polymorphic in codon 72 for the protein
it encodes at nucleotide 215 (14,23), with a variable base pair
transition (g.215 G-C) in exon 4, resulting in the replacement
of proline for arginine in the proteic sequence (8,24,26). Thus,
p53 may contain an arginine (CGC) or proline (CCC) codon
in this position, resulting in the susceptibility or predisposi-
tion to cancer. It is possible to identify polymorphisms by the
use of restriction enzymes (10,23,26-28). This polymorphism
features a widely variable ethnic and geographic distribution
(14), and has been studied in several tumors; not only those
of the breast, but also those of the lung, colon, stomach and
bladder (29).

The TP53 gene with the proline (Pro72) allele is structurally
different from TP53 with the arginine (Arg72) allele. Tumors
that contain cells with Pro72 in TP53 are slower to develop
and smaller than tumors containing Arg72 cells. Both human
TP53 polymorphic forms appear to participate in breast cancer
carcinogenesis (12,14,23). The Arg72 TP53 form is considered
to be more oncogenic (14,30), and is significantly associated
with a higher frequency of mutations in the TP53 gene in
tumors where it is present (23).

Migration together with large territorial expansion has
contributed greatly to the diversity and complexity of the
ethnic composition of the Brazilian population (31). In
contrast to other regions of the country, the southern region
of Brazil comprises a population of mainly European descent
(31) and manifests the second highest incidence of neoplasias
in the country (2). This study aimed to evaluate the frequency
of the R72P polymorphism of the TP53 gene in patients with
invasive ductal breast cancer in the state of Rio Grande do Sul,
Brazil, as well as the association of this polymorphism with
breast carcinoma and clinicopathological characteristics.
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Materials and methods

Patients and controls. Samples (10 ml) of peripheral blood in
EDTA were collected from 76 patients with invasive ductal
carcinoma confirmed by anatomopathological examination
who were treated and followed up by the Mastology Service of
the Hospital de Clinicas de Porto Alegre (HCPA) at any stage
of the disease. The control consisted of blood samples taken
from 80 healthy donors recruited from the HCPA Blood Bank.
DNA was extracted from the peripheral blood by means of the
salt precipitation procedure described by Miller (32), and was
kept frozen at -20°C until use.

Patients were consecutively enrolled at the time of pre-
surgical evaluation. During this consultation, demographic
data, hormonal factor data, family history of carcinoma and
history of benign breast disease were collected by question-
naire. Following surgery, data regarding the breast carcinomas
were collected by routine anatomopathological examination
and immunohistochemistry performed by the HCPA Pathology
Service.

This study was approved by the Scientific and Ethical
Committee of the Research and Postgraduate Group at the
HCPA (project no. 05-551). Procedures were performed with
the informed consent of the patients.

Amplification of genetic material using polymerase chain
reaction. Exon 4 of the TP53 gene was amplified by polymerase
chain reaction (PCR) using 5 pl of ANTP (Sigma), 5 ul ammonia
buffer [16 mM (NH,),SO,, 67 mM Tris-HCL (pH 8.8) and 0.1%
Tween-20], 0.2 ul Taqg DNA polymerase (Gibco), 1.5 ul MgCl,,
1.5 ul BSA and 1.0 ul of specific primers for the fragment,
amplified to a final volume of 50 yl. The PCR primers used
were previously described (33).

PCR conditions consisted of an initial denaturation at 94°C
for 3 min, followed by 35 cycles at 94°C for 40 sec, annealing
at 56°C for 30 sec, extension at 72°C for 1 min and a final
extension at 72°C for 10 min. The amplified 350-bp fragment
was identified by 1.5% agarose gel electrophoresis stained
with ethidium bromide.

Restriction enzyme digestion for the R72P polymorphism.
To identify the exon 4 R72P polymorphism, the PCR product
was digested with 0.5 pl of the BsfUI restriction enzyme (New
England Biolabs), 3 pl buffer [10 mM Tris-HCL (pH 7.5),
7 mM MgCl,, 60 mM NaCl, 7 mM 2-mercaptoethanol and
0.01% BSA] and 10 pl of the PCR product for a final volume
of 30 pl. The tubes were incubated at 60°C in a thermocycler
for 2 h until fully digested. The digestion reaction was viewed
by electrophoresis in 3% agarose gel stained with ethidium
bromide.

The restriction enzyme BstUI recognizes the CG—CQG site,
cleaving the 350-bp fragment into 191 and 159 bp, respectively,
in the presence of the arginine allele (CGC). The proline allele
(CCCQC) does not feature the restriction site and is therefore not
cleaved, remaining at 350 bp.

Statistical analysis. Absolute and relative frequencies were
used to calculate differences between the patient and control
samples. The y? Pearson test was used to assess whether the
groups were in Hardy-Weinberg equilibrium and to identify
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Table I. Genotype frequency of the R72P polymorphism in the
TP53 gene in patients with invasive ductal breast carcinoma
and controls.

Homozygotes Heterozygotes
Arg/Arg Pro/Pro Arg/Pro P-value
Patients (n=76) 34 (44.7%) 9 (11.8%) 33 (43.4%)  0.707
Controls (n=80) 31 (38.8%) 12(15.0%) 37 (46.3%)
Total (n=156) 65 21 70

22, 0.693.

Table II. Allele frequency of the R72P polymorphism in the
TP53 gene in patients with invasive ductal breast carcinoma
and controls.

f(R) f(P) Total alleles  P-value

Patients (n=76) 0.469

Controls (n=80)

101 (66.4%) 51 (33.6%) 152
99 (61.9%) 61 (38.1%) 160

Total 200 112 312

¥? with Yates' correction, 0.523.

the presence of differences in relation to the genotype and
allele frequency between the patients and controls. The >
Pearson test with Yates' correction was used when appro-
priate. Statistical significance was defined as P<0.05. The
association between the R72P polymorphism in TP53 and the
clinicopathological characteristics of breast carcinoma was
assessed using the x2 Pearson test (categorical variations). The
association of allele frequency with data from the literature
was assessed by the x> Pearson test with Yates' correction.
Statistical analysis was performed with SPSS 12.0 (for
Windows) and Pepi version 4.0.

Results

The 76 patients with histological confirmation of invasive
ductal carcinoma had an average age of 53.2+13.2 years. The
vast majority were self-declared Caucasians (64.5%). Among
the patients, 15 (19.7%) had a significant family history for
the risk of developing breast carcinoma (considering first-
degree relatives affected). None of the patients in menopause
were undergoing hormonal therapy. Following the surgical
procedure, tumor stage was determined by anatomopathological
examination according to the criteria of the AJCC classification
(American Joint Committee on Cancer), 6th edition. Tumor stage
was distributed as follows: stage I, 27.6% of cases; stage IIA,
28.9%; stage 1B, 23.7%; stage IIIA, 15.8%; stage IIIC, 3.9%.

Histological grade was determined according to Nottingham
Prognostic Index, and each patient was assigned to one of
three prognostic groups: 12 (15.8%) patients to the favorable
prognostic group, 46 (60.5%) to the moderate prognostic group
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Figure 1. Agarose gel (3.0%) showing digestions carried out with BsfUI
Lane M, 100-bp molecular weight marker. Lanes 1, 3, 6 and 7, allelic patterns
of Pro/Pro; lane 2 and 4, allelic patterns of Arg/Pro; lanes 5 and 8, allelic
patterns of Arg/Arg, for the R72P polymorphism of TP53.

and 13 (17.1%) to the poor prognostic group. It was not possible
to assess the histological grade of 5 patients due to the effects
of postneoadjuvant chemotherapy.

The methodology presented was adequate for the ampli-
fication of exon 4 of the TP53 gene, having been tested
in a previous study (33). The distribution of genotypes in
codon 72 of TP53 was in Hardy-Weinberg equilibrium in
both patients and controls. Data were analyzed in terms of
the genotype (Table I) and allele (Table II) frequencies. The
frequency found for the R72P polymorphism was similar in
the invasive ductal carcinoma patients and controls, with
no significant difference found for the genotype (P=0.707)
or allele frequency (P=0.469). Fig. 1 shows the results of the
BstUI digestion, indicating the possible alleles.

No significant association was found between the R72P
polymorphism and the clinicopathological characteristics of
the invasive ductal carcinoma patients. These results were
compared with data in the literature, and no significant differ-
ences were found between the polymorphic allele frequencies,
with the exception of two studies on a population of Ashkenazi
Jews (34) and Greek women (28) (P<0.001), respectively.

Discussion

The mechanisms involved in the carcinogenesis of different
neoplasias have been studied extensively worldwide. Research
is being carried out to elucidate the genetic, enzyme and pro-
tein variations that may be involved in the progression from a
normal to a neoplastic cell. Genetic changes such as mutations
and various polymorphisms can involve any DNA region,
which in many cases leads to a cascade of events culminating
in an increase in susceptibility to neoplasia development and
the appearance of biological and clinical pathological changes
that are characteristic of each tumor.

Many studies suggest an association between the poly-
morphism in codon 72 of gene TP53 and carcinogenesis,
including several human carcinomas such as cervical (35,36),
lung (37,38), colorectal (39), bladder (40), skin (41) and breast
(14,30,42-45) cancer. However, the results regarding this poly-
morphism are controversial. In 2002, Soulitzis et al reported a
correlation between the R72P polymorphism in gene TP53 and
bladder cancer, providing evidence that this polymorphism is
related to the carcinogenesis of the neoplasia. The presence of
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the Arg/Arg genotype may thus be related to an increased risk
of developing bladder cancer (40).

The R72P polymorphism seems to influence the expression
of protein p53 (46), since it occurs within the transactivation
domain of p53. Codon 72 is located in the hydrophobic region
of the protein, which determines its conformation, link to
DNA and transcriptional activity (14). Recently, differences
in p53 activity have led to the study of the frequency of the
polymorphism in codon 72 of the TP53 gene (23,30,40,46).

A 7-fold increase in the risk of developing human
papillomavirus-associated cervical carcinoma was reported
in homozygous patients with the arginine allele in codon
72 compared to patients who presented one or more proline
alleles in TP53 codon 72 (35). In vitro studies indicate that
protein p53 containing arginine is more prone to suffering
degradation due to the HPV E6 oncoprotein (36).

The results presented in this study do not reflect a statisti-
cally significant difference for genotype and allele frequencies
of R72P in invasive ductal carcinoma patients compared
to controls. Thus, the R72P polymorphism in TP53 was not
associated with an increased risk of developing invasive ductal
carcinoma in the population studied. Although there was no
difference between the groups, the arginine allele in codon 72
was the most common in both groups, in agreement with most
studies (12).

These findings are in disagreement with various studies,
which found a significant difference between the frequency of
the Arg/Arg genotype in codon 72 in breast carcinoma patients
and controls (14,23,24,28,30,34,47), including one study
carried out in the same region as the present one (47). They are
also in disagreement with the results of studies in which the
Pro/Pro genotype was observed more frequently in patients
with breast carcinoma than in contols (42,48).

However, our data were consistent with those found in
similar studies carried out with Turkish, Japanese and Russian
breast carcinoma patients, which did not show differences in
the distribution of the three genotypes (Arg/Arg, Arg/Pro,
Pro/Pro) between cases and controls (29,49,50). Similar results
were also found in some studies involving colorectal carci-
noma, in which no association was found between the different
genotypes (39).

In the US, the codon 72 polymorphism was identified as
an independent risk factor for breast carcinoma in African
Americans and Hispanics, but had only borderline signifi-
cance in Caucasians (P=0.054) (51), with the arginine allele
being more frequent in Caucasians and Hispanics, and the
proline allele more common among African Americans (51).
Another study involving codon 72 (Arg/Pro) heterozygotes in
a Chinese population found evidence of a significant increase
in the expression of the arginine allele in breast carcinoma
patients, though no significant difference was observed in
terms of genotype frequencies in Chinese patients compared
to healthy controls. This suggests that the arginine allele is
involved in the carcinogenesis of breast carcinoma (24).

There was no association between the codon 72 polymor-
phism and the clinicopathological characteristics presented by
invasive ductal carcinoma patients in the present study. This
may be a consequence of the small sample size. However, no
association was found in studies involving women with breast
carcinoma in Greece and Turkey either. This was not the case
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in another study carried out in the south of Brazil. This could
mean that the R72P polymorphism does not interfere with the
natural history of breast carcinoma (14,30,47). On the other
hand, Han er al revealed that cases with Pro/Pro and Arg/
Pro genotypes in codon 72 presented a smaller number of
metastases for axillary lymph nodes when compared with the
homozygote cases for arginine (52).

It was not possible to analyze the relationship between
survival and the studied polymorphism due to the relatively
recent diagnosis of the patients in the study. However, a protec-
tive effect was observed for the death outcome among English
patients suffering from breast carcinoma with the presence of
the proline allele in the R72P polymorphism, though statis-
tical significance was lost following multivariate analysis (53).
These findings are contrary to those reported by Tommiska
et al, who demonstrated that proline homozygote patients
with breast carcinoma presented a less favorable prognosis
compared to other genotypes (44).

Given that the distribution of the proline allele seems to
vary among the different ethnic groups, and that the frequency
of the arginine allele increases in conjunction with the distance
of the analyzed population from the equator, the contradictory
findings involving the R72P polymorphism in the TP53 gene
and the risk of breast as well as other carcinomas may be
due to interracial, ethnic and geographic variations (12,14).
Moreover, any change in the enzyme cleavage site may occur
and lead to partial or non-digestion of the amplified fragment
(exon 4). These changes can only be confirmed by DNA
sequencing (33,54).

In conclusion, the R72P polymorphism in the TP53 gene
was not associated with an increased risk of developing inva-
sive ductal carcinoma in the population studied. This finding
may be related to the great interracial and ethnic variation in our
population, derived from frequent miscegenation and exposure
to different environmental factors that impact the evolution of
breast cancer. Further studies are required involving larger
populations to analyze the mutation in splice-sites (7,17,23).
Additionally, testing for loss of heterozygosity (26) and
studying haplotypes involving different polymorphisms in the
TP53 gene that seem to modify the risk of breast carcinoma
may aid in identifying patients at a greater risk of developing
the disease (42.,45). The applicability and generalization of the
findings from this and other studies regarding the risk of breast
carcinoma remain uncertain, and need to be established.
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