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INTRODUGCAO

O cancer é uma neoplasia maligna originada por um conjunto de causas,
onde o acumulo de deficiéncias genéticas hereditarias ou adquiridas parece ser
fundamental. Dentre o0s genes relacionados aos fatores genéticos
predisponentes a carcinogénese existem duas classes que parecem apresentar
papel importante: os proto-oncongenes, que estimulam o crescimento celular; e
0s supressores tumorais, que o inibem. Quando mutados, os proto-oncogenes
produzem uma multiplicacdo celular excessiva e, por sua vez, 0s supressores
perdem a capacidade de inibir esse crescimento desenfreado. Os oncogenes e
genes supressores de tumor tém sido associados a diferentes tipos de
neoplasias, sendo que o gene supressor tumoral TP53 é o que, com maior
freqUéncia, apresenta alteragcées (WEISS et al.,1995; VOLGESTEIN et al.,
2004).

O modelo atualmente aceito para a funcao da proteina p53 é que ela
exerce o papel de fator de transcrigdo envolvido no controle da progressao do
ciclo celular, manutengdo do DNA e integridade do genoma, reparacéo de
danos ao DNA e apoptose. A perda da funcdo da proteina p53 elimina o
bloqueio do crescimento como resposta ao dano no DNA e pode permitir
replicacdo do DNA danificado. Como conseqliéncia os tumores ocasionados
por mutacdes neste gene normalmente apresentam uma elevada freqiiéncia de
mutacdes em outros genes e um aumento da freqiéncia de duplicacbes e
delegdes de genes. Uma expressao alterada dos alvos transcricionais do gene
TP53 também seria esperada (BORRESEN-DALE, 2003).

Attardi e Jacks (1999) mostraram que a perda da atividade da p53

interfere na atividade de apoptose e acelera o aparecimento de tumores em



ratos transgénico. Porém Shaulsky et al. (1991) sugerem que as mutagdes no
gene TP53 de alguns tecidos, onde ocorra a perda do mecanismo de
supressao, nao seriam suficientes para que se desenvolva tumor.

Entretanto, as mutagées predispdem as células a terem um crescimento
celular desenfreado que poderiam induzir a uma divisdo celular de
caracteristica maligna (SHAULSKY et. al., 1991).

Apesar das mutagbes do TP53 serem principalmente somaticas,
classicamente mutagdes germinativas deste gene estdo relacionados a
Sindrome de Li-Fraumeni (SLF) (MALKIN et. al., 1990; ACHATZ et.al., 2007).
Descrita inicialmente por Li e Fraumeni, em 1969, a sindrome € caracterizada
por multiplos tumores primarios em criangas e adultos jovens, sendo
predominantemente de partes moles, tumor cerebral, osteossarcomas,
carcinoma adrenocortical, leucemias e mama. A SLF é uma forma rara de
cancer familiar e apresenta heranga autossémica dominante (LI; FRAUMENI,
1969; VARLEY, 2003; UPTON et. al., 2009).

Estima-se que pacientes com SLF apresentem 50% de chance de
desenvolver tumores antes dos 30 anos de idade, comparados a 1% na
populagcdo em geral e que 90% dos portadores desenvolvem cancer até 70
anos de idade (MALKIN et.al, 1990).

Para um diagnéstico preciso de SLF devemos realizar uma minuciosa
anamnese, com uma historia familial muito precisa, pois algumas familias com
SLF e Li-Fraumeni Like (LFL) apresentam quadros clinicos que se sobrepdem
aos de outras sindromes genéticas ligadas ao cancer, como a alta incidéncia
de cancer de mama em idade jovem, dificultando assim o diagndstico.

(ACHATZ et.al, 2009).

10



Freqlentemente esporadico, o cancer de mama também pode estar
associado a diversas sindromes como a Sindrome de Cowden, devido a
mutacdes no gene PTEN; Sindrome de Peutz-Jeghers, pela presenca de
mutacdes no gene STK11; Sindrome do Cancer de Mama e Ovario Hereditario
que esta associada a mutagdes nos genes BRCA1 e BRCA2; e ainda
Sindrome de Li-Fraumeni, por mutagdes germinativas no gene TP53 (WEISS
et.al., 1995; VOLGESTEIN et.al., 2004).

O gene TP53 localiza-se no brago curto do cromossomo 17 (17p13.1) e
codifica uma fosfoproteina nuclear de peso 53 kDa composta por 393
aminoacidos, que se estendem por 11 exons, sendo o primeiro ndo codificante
(SOUSSI et.al.,, 1994). A proteina p53 humana possui cinco dominios sendo
cada um deles responsavel por fungdes especificas (MAY e MAY 1999). O
dominio inicial (exon 2 e 3), ou amino terminal, € o dominio de transativacgéo,
no qual se encontra o sitio de ligagcdo a proteina Mdm2. E seguido por um
dominio rico em residuos de prolina (exon 4) e pela regido central da p53, que
abriga o dominio de ligacdo ao DNA (exon 5-8). O dominio de oligomerizagéo
(exon 9 e 10) é fundamental na configuragdo espacial da proteina p53,
responsavel pela multimerizagcao da proteina, que se unira em tetrameros. O

dominio final (exon 11) é o de regulacao (Figura 1) (ACHATZ et.al.,2009). De
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Dominio de Dominio Dominio de ligagdo Dominio de  Dominio de
transativagdo rico em ao DNA oligomerizagdo regulagdo
(1-62) prolinas (102-292) (323-356) (363-393)
(63-97)

Legenda: (A): Representagdo dos éxons (cilindros) 1 a 11 do gene 7P53; (B): Representagdo da proteina p33. As cores representadas nos éxons correspondem aos
dominios correlacionados na proteina

Figura 1 - O gene TP53 e a proteina p53.

11



todas as mutagdes observadas (somaticas e germinativas), 89% ocorrem nas
regides entre os exons 5-8 (GREENBLATT et.al., 1994).

Dentro deste gene, uma mutacao que tem se mostrado importante em
associagao com tumores, na regiao sul do Brasil, € a mutacdo p.R337H. Esta
mutacdo estd localizada no exon 10 do gene TP53, resulta em uma
substituicdo do aminoacido arginina, de cédon CGC, pelo histidina, de codon
CAC na posigao 337 da proteina, na base 1010 (LATRONICO et.al., 2001).

A mutagao p.R337H foi inicialmente detectada em criangas com tumores
adrenocorticais em familias sem nenhum histérico de cancer familiar
(LATRONICO et.al., 2001; RIBEIRO et.al., 2001).

Latronico et al. (2001) estudaram a mutagdo p.R337H em criangas e
adultos, da regido sul do Brasil, com tumores esporadicos benignos e malignos
das adrenais, sem nenhum histérico familiar significativo de cancer. A mutagao
esta presente em 78% das amostras, entretanto ndo estava restrita ao grupo
pediatrico, pois foi encontrada em 14% das amostras de adultos. A presenca
dessa mutagcdo em adultos foi relatada como um progndstico desfavoravel para
os adultos, mas nao nas criangas.

Sandrini et al (2005), analisaram a freqiéncia da mutagdo germinativa
p.R337H do TP53 em criangas com tumores esporadicos das adrenais
provenientes da regiao oeste do estado do Parana e verificaram que a mutagao
estava presente em 75% das criangas.

Posteriormente a mutagdo p.R337H foi relacionada com familias
brasileiras com SLF e LFL, sendo a mais freqliente mutacdo encontrada dentre

todas as do gene TP53, apresentando um amplo espectro de tumores que
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incluiam cancer de mama, cancer no cérebro e adrenocarcinomas (ACHATZ et
al., 2007).

Palmero et al. (2007), verificaram a incidéncia da mutagado p.R337H na
populacdo em geral, analisando 750 mulheres saudaveis da regiao sul do pais,
sendo detectada em 2 mulheres que possuiam historia familiar de cancer em
multiplos sitios. De acordo com a Agéncia Internacional de Pesquisa do Cancer
(IARC), a mutagdo germinativa p.R337H do gene TP53 foi observada em 251
amostras das 2482 disponiveis no banco de dados do IARC. Destas, 248 se
encontram no Brasil, associadas a varios tipos de tumores, e apenas 53 delas
nao estao relacionadas com a SLF (PETITJEAN et.al., 2007).

A frequéncia de SLF na populagao em geral € de 1:5000 (LALOO et al.
2003), porém a frequéncia da mutacao p.R337H no Brasil € 10-20 vezes maior
do que qualquer outra mutacdo do TP53 associada a SLF (ACHATZ
et.al.,2009).

Dentre todos os tumores da sindrome de Li-Fraumeni, o de mama € o
segundo mais frequente no mundo, sendo a principal neoplasia em mulheres
americanas (VARLEY, 2003; UPTON et.al, 2009).

O cancer de mama por sua vez é 0 que causa mais morte em mulheres
e sua incidéncia € de mais de 11 mil novos casos ao ano no Brasil
(MINISTERIO DA SAUDE, 2011). No estado do Parana, o cancer de mama é
considerado o terceiro tumor mais frequente, representando 12,4% do total de
casos de cancer admitidos entre o ano de 2000 e 2004 pelo Hospital Erasto
Gaertner (LIGA, 2007), mas o primeiro tumor mais freqliente em mulheres com
uma incidéncia estimada de 3 mil novos casos no ano de 2010 (MINISTERIO

DA SAUDE, 2011).
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A maioria das mutagdes observadas em cancer de mama tem origem
somatica (LACROIX et.al., 2006), que sao responsaveis por 98% das mutagdes
observadas em tumores (HOLLSTEIN et al., 1991) e 40-45% destas mutagdes
estao relacionadas a mutag¢des no TP53 (SOUSSI et al., 1994).

Mutacdes nos genes BRCA1 e BRCA2 sao relacionadas as formas
familiares de cancer de mama. Mutagcbes nestes genes também tém sido
observadas nas formas esporadicas, entretanto com uma incidéncia
significativamente menor. Nas formas nao familiares de carcinoma de mama,
mutagdes no gene TP53 parecem ser tao frequentes quanto as mutagcoes em
BRCA1 e BRCA2 (LALLOO et al., 2006).

A freqiéncia de mutagbes do TP53 em cancer de mama & de 30%
(TROESTER et al., 2006) e esta associada a uma doenga mais agressiva com
pior progndstico, independente de outros fatores de risco e também com uma
resisténcia a certas terapias utilizadas contra o cancer (GASCO et al., 2002;
TROESTER et al., 2006).

Sendo assim a correlacdo da mutacdo p.R337H com o cancer de mama
esporadico € importante para determinarmos se a alta incidéncia da mutacao
pode estar diretamente ligada ao alto desenvolvimento de cancer de mama na
regiao Sul. A existéncia de uma relagao conhecida entre o cancer de mama e
mutagdes no gene TP53, em especial a mutacdo p.R337H, poderia fornecer
maiores informagdes sobre a etiologia desta doenca e possibilitar a criagao de

novas ferramentas de diagndstico e progndstico mais precisos.
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SUMMARY

Background: Germline p.R337H mutation in gene TP53 is highly prevalent in
sporadic adrenalcortical tumors (ACT) in southern Brazil, where a high
incidence of these tumors has been observed. Similar to ACT, breast cancer,
also frequent in this region, is related to Li-Fraumeni syndrome (LFS) as well as
to TP53 gene mutations. Until now, the p.R337H mutation has not been

evaluated in breast tumors in southern Brazil.

Objective: In the present study we investigated the presence of p.R337H

mutation in the TP53 gene in breast cancer patients.

Methods: The p.R337H mutation was investigated in blood and tumor samples
by means of restriction enzyme analysis and sequencing of exon 10 in the TP53

gene.

Results: The p.R337H mutation was observed in 2 of 147 breast cancer

patients and not observed in any of the 191 control subjects. Both positive

patients had suggestive familial history of LFS.

Conclusion: The p.R337H mutation in gene TP53 is associated with LFS, but

not with sporadic breast cancer in patients from southern Brazil.
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INTRODUCTION

Breast cancer (BC) is the most common cancer in women and is
responsible for the greatest number of female deaths from tumors. It is
estimated that worldwide, more than one million women are diagnosed with BC
every year (1). In Brazil, more than 11 thousand new BC cases occur each year
(2). Sporadic BC is frequently associated with several syndromes, such as the
Cowden syndrome, caused by mutations in the PTEN gene; Peutz-Jeghers
syndrome, caused by mutations in gene STK17117; and Li-Fraumeni syndrome
(LFS), caused by germline mutations in the gene TP53 (3).

Although TP53 mutations are mainly somatic, classically, germline
mutations in this gene are related to LFS, an autosomal dominant rare form of
familial cancer syndrome. Individuals affected by the syndrome present
mutations in the TP53 gene and several types of cancer, mainly brain tumors,
sarcomas, adrenal tumors, leukemia, and BC. Among all LFS tumors, BC is the
second most frequent in the world, and is the most common neoplasm affecting
North-American women (4).

In non-familial BC, mutations in the TP53 gene seem to be as frequent as
those in the BRCA1 and BRCAZ2 genes (5). About 98% of the mutations
observed in BC cases are somatic (6) and from these, 40-45% are related to
mutations in the TP53 gene (7).

The p.R337H mutation located on exon 10 of TP53 gene is observed in
about 75% of the sporadic adrenocortical tumors (ACT) in children from the
western region of the state of Parana. This mutation is caused by the

substitution of amino acid arginine, specified by the codon CGC for histidine
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and specified by the codon CAC which is in position 337 of the protein base
1010 (c.1010G>A) (8).

We evaluated whether or not the p.R337H mutation in the TP53 gene
observed in patients with ACT that are highly prevalent in southern Brazil was

also found in BC patients from the same area.

MATERIAL AND METHODS

2.1 Patients

Patients who underwent removal of breast nodules in UOPECCAN
(Unido Oeste Paranaense de Estudo e Combate ao Cancer), from March 8™,
2010 to October 31%, 2010, were invited to take part in the study. During the
surgery, a peripheral blood sample and a tumoral tissue sample of the material
removed were collected from each patient. Only those samples for which
diagnosis of BC was confirmed were used in the study. Tumor samples of
patients who presented the germline p.R337H mutation were also analyzed for
loss of heterozigosity.

A total of 147 women with BC were included in the study. Age ranged
from 31 to 89 years old (mean age of 56 years old). From this group, 28 women
presented a history of familial cancer. From these, 18 had history of familial
breast carcinoma, and 2 presented a familial pattern of LFS and/or Li-Fraumeni-
like syndrome (LFL). Written informed consent was obtained from all
participants, and the study was approved by the Institutional Review Boards of

participating centers.
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The control group included 191 women, 35 years of age and above (a
mean age of 58 years old, ranging from 35 to 91 years old) who were seen at
Alvaro Center of Research and Clinical Analysis, Cascavel, Parana, and were
not diagnosed as carriers of BC or any other kind of neoplasm and/or had

suggestive familial history of cancer.

2.2 DNA analysis

Genomic DNA was extracted with the commercial kit QlAamp DNA Blood
Mini Kit (Qiagen, USA).

Amplification of the exon 10 was carried out in 10 yl of PCR mix
containing 100-200 ng of genomic DNA; 1 pl of 10x buffer; 1.5 mM MgCly; 1.2
MM of each primer (5'-TTG AAC CAT CTT TTA ACT CAG G-3' (forward) and 5'-
ATG AAG GCA GGA TGA GAA TG-3' (reverse)); 0.2 mM deoxynucleotide
triphosphate (DNTP); 1.25U Taq DNA Polimerase (Invitrogen, USA) and water
to 10 pl.

GeneAmp PCR System 9700 (Applied Biosystems, USA) thermocycler
was used in the following cycle: denaturation at 95°C for 5 minutes followed by
30 cycles at 94°C for 1 minute, 60°C for 1 minute, 72°C for 1 minute, and a final
cycle at 72°C for 7 minutes of incubation.

The amplicon was cleaved by Hhal endonuclease according to the
manufacturer's instructions (Invitrogen, USA). Digested fragments harboring
wild-type sequences showed two bands (82 and 177 base pairs), whereas
alleles with p.R337H mutation were not cleaved and showed only one band

(259 base pairs).
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Some samples were sequenced to confirm the RFLP analysis. Those
samples were purified using the commercial kit QIAQuick PCR Purification
(Qiagen, USA) and the amplicons were then sequenced using the BigDye

Terminator Sequence v3.1 (Applied Biosystems, USA).

RESULTS

3.1 Analysis of the gene encoding protein P53

Cleavage of the TP53 gene by the restriction enzyme was carried out in
peripheral blood samples collected from 147 patients and in 191 controls. The
cleavage pattern for the heterozygous p.R337H mutation was observed in two
patients for both blood and tissue, and this mutation was then confirmed by
sequencing. Both patients presented a familial history compatible with LFS. The

mutation was not observed in any of the samples collected from the control

group.

DISCUSSION

Mutations in the TP53 gene are found in most human cancers and are
responsible for the inactivation of protein P53, which causes loss of apoptosis
control and consequent proliferation of tumor cells (9). According to the
International Agency for Research on Cancer, the germline p.R337H mutation

was observed in France, Portugal and Brazil. In France, it was described in
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brain and adrenal cancer (10); in Portugal the mutation was observed in adrenal
cancer (11), and in Brazil, both in adrenals and BC (8, 12-14).

In an analysis of worldwide data, the germline p.R337H mutation was seen
in 41 samples of the 560 BC patients, and only one of these samples was
collected from a patient who did not have history of familial cancer. All others
were associated with LFS (15).

Mutations in the TP53 gene are frequent in BC, however, only in Brazil was
the p.R337H (c.1010G>A) mutation reported to be associated with this disease
(12, 13, 15-17).

In the present study, the germline p.R337H mutation was found in two of the
147 BC patients analyzed. However, these could be linked with LFS, similar to
the findings of Assumpcao et al. (2008), who analyzed 123 women with BC,
both sporadic and familial, and only three had the mutation. From these
samples, two presented familial history of LFL (13).

Achatz et al. (2007) also observed the presence of mutation in the TP53
gene in 45 samples of patients with familial pattern of LFS. Mutations in TP53
were found in 13 samples, and the p.R337H mutation was the most frequent. In
these samples, BC was the most common tumor pattern found (12).

Assumpcao et al. (2008) demonstrated that patients who showed a
p.R337H mutation, together with other genetic factors, may present a
significantly increased risk for BC. The p.R337H mutation is 10-20 times more
frequent than other mutations in the TP53 gene associated with LFS. In the
general population, the frequency is 1:5000 (18). The frequency of this
mutation, however, is directly associated with clinical diagnoses of LFS/LFL,

and not of BC.
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We observed a lower incidence of this mutation in breast tumors than in
ACT of pediatric patients in southern Brazil (8). In contrast to that observed by
Assumpcao et al. (2008), we did not find germline mutations in sporadic BC. In
order to assess the incidence of this mutation in the general population,
Palmero et al. (2008) analyzed 750 samples of healthy women, and the
mutation was found in 2 of these (0.3%). These samples were from two women
that were fourth degree relatives and had familial history of cancer in different
sites, a finding that corresponds with LFS. These results suggest that the
mutant allele may have low penetrance and may predispose multiple tumors,
occurring in a greater frequency than any other TP53 mutation associated with
LFS (17).

Recent reports on the presence of this mutation in tumor samples have
been more related to clinical diagnoses of LFS (9, 12, 17). Among the different
types of tumors associated to this syndrome, BC is the most common, occurring
between 24 and 64 years of age and representing 25% of all diagnosed tumors
(16).

The presence of the mutation in two samples of patients with familial
pattern of LFS is not sufficient evidence for establishing a relationship between
sporadic BC and the p.R337H (c.1010G>A) mutation on exon 10 of the TP53
gene, as suggested by Assumpcgao et al (13). These findings suggest that this
mutation has been observed in women with BC associated with LFS. However,
considering that the estimated prevalence of p.R337H in the southern Brazil is
0.3%, the high incidence of carriers in this population suggests that the mutation
may be a determining factor in the occurrence of cancer in this region (17). The

incidence of p.R337H mutation is higher in individuals from southern Brazil,
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however the incidence of BC is not higher than in others regions. Therefore,
other modifier genes are needed to express the p.R337H mutation and cause
breast tumors (12,17).

Due to this high incidence, further studies identifying these gene
modifiers have been carried out to determine the risk of cancer associated with
p.R337H, and thus help to understand the different responses of each type of
tumor cell as well as predict who could be at higher risk among p.R337H

carriers (16).
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CONCLUSAO

1. A mutacdo germinativa p.R337H (c.1010G>A) foi encontrada em 2 das

147 amostras de pacientes com cancer de mama,;

2. Nao foi observado a perda de heterozigozidade da mutacdo R337H nas

amostras tumorais das pacientes.
3. A presenca de canceres de mama e a mutagdo p.R337H estéo

relacionados com a presenga de canceres em familiares associados com a

Sindrome de Li-Fraumeni;

4, Nao foi encontrada a mutagcdo R337H do gene TP53 nas 191 amostras

do grupo controle.

5. Nao ha relacdo da mutagdo germinativa p.R337H (c.1010G>A) em

individuos da regido Sul do Brasil com a forma esporadica de cancer de mama.
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