biomolecules

Article

TP53 Pathogenic Variants in Early-Onset Breast Cancer Patients
Fulfilling Hereditary Breast and Ovary Cancer and
Li-Fraumeni-like Syndromes

Paula Francinete Faustino da Silva 1, Rebeca Mota Goveia 1, Thais Bomfim Teixeira 2, Bruno Faulin Gamba 1©),

Aliny Pereira de Lima !, Silvia Regina Rogatto

check for
updates

Citation: da Silva, PEF.,; Goveia,
R.M.; Teixeira, T.B.; Gamba, B.F,; de
Lima, A.P; Rogatto, S.R.;
Silveira-Lacerda, E.d.P. TP53
Pathogenic Variants in Early-Onset
Breast Cancer Patients Fulfilling
Hereditary Breast and Ovary Cancer
and Li-Fraumeni-like Syndromes.
Biomolecules 2022, 12, 640.
https://doi.org/10.3390/
biom12050640

Academic Editor: Gabriella D’Orazi

Received: 21 March 2022
Accepted: 19 April 2022
Published: 27 April 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

3,4, +

and Elisingela de Paula Silveira-Lacerda 1*

Laboratory of Molecular Genetics and Cytogenetics, Institute of Biological Sciences I (ICB I),

Federal University of Goias, Goiania 74690900, Brazil; paulabiomedicina02@hotmail.com (P.EE.d.S.);
rebecamg?2013@gmail.com (R.M.G.); gamba.bf@hotmail.com (B.F.G.); alinypereiralima@gmail.com (A.P.d.L.)
2 Clinical of Hospital (HC), Federal University of Goias (UFG), Goiania 74690900, Brazil;
thaisbteixeira@gmail.com

Department of Clinical Genetics, University Hospital of Southern Denmark, 7100 Vejle, Denmark;
silvia.regina.rogatto@rsyd.dk

Institute of Regional Health Research, University of Southern Denmark, 5230 Odense, Denmark

*  Correspondence: elacerda@ufg.br

t  These authors contributed equally to this work.

Abstract: TP53 gene mutation is the most common genetic alteration in human malignant tumors and
is mainly responsible for Li-Fraumeni syndrome. Among the several cancers related to this syndrome,
breast cancer (BC) is the most common. The TP53 p.R337H germline pathogenic variant is highly
prevalent in Brazil’s South and Southeast regions, accounting for 0.3% of the general population.
We investigated the prevalence of TP53 germline pathogenic variants in a cohort of 83 BC patients
from the Midwest Brazilian region. All patients met the clinical criteria for hereditary breast and
ovarian cancer syndrome (HBOC) and were negative for BRCA1 and BRCA2 mutations. Moreover,
40 index patients fulfilled HBOC and the Li-Fraumeni-like (LFL) syndromes criteria. The samples
were tested using next generation sequencing for TP53. Three patients harbored TP53 missense
pathogenic variants (p.Arg248GlIn, p.Arg337His, and p.Arg337Cys), confirmed by Sanger sequencing.
One (1.2%) patient showed a large TP53 deletion (exons 2-11), which was also confirmed. The
p-R337H variant was detected in only one patient. In conclusion, four (4.8%) early-onset breast cancer
patients fulfilling the HBOC and LFL syndromes presented TP53 pathogenic variants, confirming
the relevance of genetic tests in this group of patients. In contrast to other Brazilian regions, TP53
p-R337H variant appeared with low prevalence.
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1. Introduction

Germline pathogenic variants of the TP53 gene have been associated with a high risk of
developing a particular spectrum of common tumors at early onset. Li-Fraumeni syndrome
(LFS) is a rare hereditary cancer predisposition syndrome caused by TP53 pathogenic
variants [1]. The spectrum of tumor types associated with LFS includes breast cancer,
adrenocortical cancer, soft tissue sarcomas, osteosarcomas, and central nervous system
tumors, among others [1,2]. The clinical diagnosis of LFS is defined by the presence of an
individual diagnosed with sarcoma before the age of 45 years, a first-degree relative with
cancer before age 45, and a second relative, first or second degree, diagnosed with cancer
before age 45 or sarcoma at any age [3]. Since its description, the clinical characterization of
the LFS has changed due to observed phenotypic variations. Li-Fraumeni-like syndrome
(LFL), called non-classical or variants of LFS, shares many characteristics of classical Li-
Fraumeni syndrome, only less restricted. LFL proband shows the LFS tumor spectrum
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before age 45, plus a first- or second-degree relative who also had an LFS cancer spectrum
before age 60. LFL and LFS significantly increase the chances of carriers of the TP53
mutation developing multiple cancers since childhood [4].

The first study of TP53 variants in patients with clinical criteria of LFS was described
by Malkin et al. [5]. The authors reported germline variants at exons 5-8 of the TP53 gene
in individuals from five families. It is estimated that 70% of LFS patients are associated
with TP53 pathogenic variants [5-7]. In 22 Spanish families with LFS, Lovet et al. described
that 93% of TP53 mutation carriers develop at least one cancer type before age 35 [8].

Although LFS is considered a rare condition, several studies reported a high incidence
in Brazil. Ribeiro et al. [9] identified a specific germline variant in the oligomerization
domain of the TP53 gene at the codon 337 (c.1010 G > A) in 35 of 37 (94.59%) children with
adrenocortical carcinomas and no family history of cancer. In 2006, a study conducted on
30,098 Brazilian newborns from southern and southeastern regions found a high prevalence
of carriers of p.R337H variant (0.3%), which is higher than that described worldwide
(1/5000) [10]. A subsequent study evaluated 45 patients with LFL/LFS and found the same
TP53 variant in six patients (13.33%) [11].

The p.R337H variant was also described in 2.5% (3/120) of breast cancer patients
fulfilling the criteria for HBOC and 8.6% (70/815) of women diagnosed with breast cancer
at or before age 45 or at age 55 or older from south and southern regions [12]. Recently,
Mathias et al. [13] reported that TP53 p.R337H variant contributed to 2.4% of 805 sporadic
breast cancer patients with no family cancer history from South Brazil. Studies of several
populations have observed the prevalence of early-onset breast cancer in women with
pathogenic germline TP53 variants [13,14]. About 5-8% of women with breast cancer
under 30 years old have a germline pathogenic TP53 variant [15]. Women who carry TP53
germline pathogenic variants have a high risk of breast cancer of up to 85% at age 60 [14,16].

The high prevalence of p.R337H in Brazilian families raised the question of a possible
founding effect. Based on this hypothesis, Pinto et al. [17] analyzed two TP53 intragenic
polymorphic markers in 22 cases and 60 controls and suggested that it was very likely that
the p.R337H germline variant has arisen from a common origin. Garritano et al. [18] used a
panel of SNPs spanning the entire TP53 gene and concluded that this rare haplotype would
have an extremely low probability of arising independently (1/100,000,000), reinforcing
the existence of a founding effect. Since Brazil is a highly populous country worldwide,
pathogenic variants may be present in thousands of individuals, explaining the high
frequency of many tumor types [19].

Considering the wide distribution of germline pathogenic variants in TP53 in Brazilian
individuals and the association with early-onset breast cancer, we investigated the presence
of TP53 variants in a cohort of breast cancer patients from the unexplored central region
of Brazil.

2. Materials and Methods
2.1. Patients

A total of 83 index patients and 217 family members were included in this study. The
index patients were recruited at the Clinical Genetics Ambulatory of the HC/UFG Clinical
Hospital, Brazil, from 2017 to 2019. All patients provided a free signed and informed
consent form following the Declaration of Helsinki and received genetic counseling. This
study was approved by the Research Ethics Committee (CEP) of the Federal University of
Goias, Brazil (CEP-CONEP-CAAE: 50626315.6.00 00.5078 /# 1791010). A peripheral blood
sample was collected, and a questionnaire with socio-demographic data was applied.

We included patients who met the clinical criteria for hereditary breast and ovarian
cancer syndrome (HBOC) based on the NCCN Clinical Practice Guidelines on Oncology
(NCCN, 2021) [20]. Patients that fulfilled the criteria for HBOC were previously tested with
no detectable BRCA1 or BRCA2 germline variants. After collecting information about the
family history of cancer, 83 index patients had a total of 217 family members with cancer.
Each patient was classified according to the Chompret criteria for Li Fraumeni syndrome,
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as described by Bougeard et al. [21]. We analyzed TP53 variants in 40 patients (Group 1)
fulfilling the Chompret criteria and 43 patients (Group 2) who did not meet the criteria for
LFS or LFL. However, all families had at least one family member with a typical LFS tumor
and several other relatives with cancer (e.g., bowel, liver, prostate, and stomach cancer).
Patient pedigrees were constructed using the online program Genealogy.com. A risk
assessment was performed according to the criteria for clinical diagnosis of Li-Fraumeni
syndrome, as described by Bougeard et al. [21].

2.2. Genomic DNA Isolation and Sequencing

The DNA extraction from peripheral blood samples was performed using the PureLink
Genomic DNA Mini Kit (Invitrogen, Carlsbad, CA, USA). DNA integrity and quantification
were evaluated using 1.5% agarose gel electrophoresis and Qubit fluorimeter (Invitrogen,
Carlsbad, CA, USA), respectively. Libraries preparation and sequencing were performed
by Sophia Genetics (Saint-Sulpice, Switzerland). Libraries were prepared using the CE-IVD
Sophia HCS v1.1 kit (Sophia Genetics SA HQ, Saint-Sulpice, Switzerland). Next generation
sequencing (NGS) of all coding regions and intron-exon junctions of the TP53 was carried
out using the Illumina MiSeq DX platform according to Illumina (Illumina, San Diego,
CA, USA) and Sophia Genetics protocols. The sequences obtained were aligned to the
hg19 reference genome. Variant calling and data sequencing analysis were performed
with the Sophia-DDM-V4 software (Sophia Genetics, Saint-Sulpice, Switzerland). Genetic
variant annotations were compared with the literature and open-source bioinformatics tools
such as ClinVar, [22] IARC TP53 Database, [23] ABraOM, [24] 1000 Genomes Project, [25]
ExAC, [26] dbSNP [27] and The Genome Aggregation Database [28]. The variants were
classified as pathogenic, likely pathogenic, variants with uncertain significance, benign,
and likely benign, according to the American College of Medical Genetics and Genomics.
We focused on pathogenic variants.

2.3. Variants Confirmation by Sanger Sequencing and MLPA (Multiplex Ligation-Dependent
Probe Amplification)

The TP53 pathogenic variants were confirmed by Sanger sequencing or MLPA. The
447 bp fragment corresponding to exon 10 of the TP53 gene was amplified by PCR, as
described by Custédio et al. [29]. The amplified product was purified using Illustra
ExoProStar 1-Step (GE Healthcare, Chicago, Illinois, USA), following the manufacturer’s
recommendations. Next, bidirectional sequencing (Sanger method) was performed using
the BigDye Terminator Cycle Sequencing v1.1 kit on the ABI 3130xL platform (Applied
Biosystems, Foster City, CA, USA). After obtaining the sequences alignment using BioEdit
(version X), the chromatograms were visualized and analyzed with the Chromas software
2.6.6 (Technenlysium Ltd., South Brisbane, Australia).

A large TP53 deletion found in one case was investigated using the SALSA MLPA
P056 TP53 kit (MRC-Holland, Amsterdam, The Netherlands, lote: C1-0215), following the
manufacturer’s instructions. The Coffalyser Net software (MRC-Holland, Amsterdam, The
Netherlands) was used for data analyses.

2.4. Statistical Analysis

R Studio software (http://www.rstudio.com (accessed on 1 September 2020)) was
used to calculate the mean, standard deviation, T-test, and ANOVA, with a 95% confidence
interval (CI). The p-values of less than 0.05 were considered statistically significant.

3. Results
Our cohort of 83 patients that fulfilled the clinical criteria for HBOC had 217 family
members with cancer. Forty of 83 index patients also met the Chompret criteria for Li

Fraumeni syndrome. Both index patients (81 of 83) and their relatives (74.1%) were pre-
dominantly of female gender (161 of 217). A total of 17 index patients (20.4%) developed
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cancer before the age of 31. The mean age of diagnosis of the first tumor was 37.7 years
(Table 1). Table 1 summarizes the clinical features of our HBOC patients.

Table 1. Clinical characterization of breast cancer patients and family history of cancer.

Breast Cancer Patients Family Members with Cancer

(NCCN, 2021)
Patients (N = 378) 83 217
Clinical Criteria
Group 1: Chompret Criteria- LFL 40 (48.1%) 119 (54.8%)
Group 2: no criteria for LFS/LFL 43 (51.8%) 98 (45.1%)
Family members with cancer breast 61 (28.1%)
Group 1 38 (17.5%)
Group 2 23 (10.5%)
Gender
Male 2 (2.4%) 56 (25.8%)
Female 81 (97.5%) 161 (74.1%)
Mean age at diagnosis 37.7 (22-64) NA
Grupo 1 33.9 (22-57) NA
Grupo 2 41.5 (32-64)
<31 years old 17 (20.4%) NA
Patients with multiple primary tumors 7 5

LFL: Li-Fraumeni-like syndrome; LFS: Li-Fraumeni syndrome; NA: not available.

Breast cancer was frequently found in relatives of our index patients (Group 1: 17.5%
and Group 2: 10.5%) (Figure 1A). The second most common tumor type in family members
of patients from Group 1 was bowel cancer (4.6%), followed by prostate cancer (4.1%) and
head and neck cancer (3.2%). Uterus cancer (4.1%) was the second most common tumor
type in relatives from the index patients of Group 2, and the third was prostate cancer
(3.2%) (Figure 1A).

Four female index patients (Group 1) were carriers of TP53 pathogenic germline
variants in heterozygosis, three missense, and one deletion. Sanger sequencing confirmed
the variants ¢.743G > A (p.Arg248Gln), c.1010G > A (p.Arg337His), and ¢.1009C > T
(p-Arg337Cys). The deleterious variant E2-11 is a virtually complete deletion of the TP53
gene (exons 2-11), which was confirmed by MLPA. The pedigrees of four index patients
with TP53 variants are shown in Figure 1B.
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Figure 1. (A) Tumor types reported breast cancer patients and their family members. (B) Pedigrees of
the index patients with germline TP53 pathogenic variants. The age at diagnosis is indicated by (d.).

4. Discussion

Li-Fraumeni syndrome was previously estimated in 1% (3 of 300) of women with
breast cancer fulfilling the criteria for hereditary cancer predisposition syndrome [30,31].
Carriers of the TP53 mutation have an increased risk of developing breast cancer at early-
onset compared to the general population [30,32]. In addition, it was suggested that 3.8 to
7.7% of women with breast cancer aged 30 years or less harbored TP53 germline pathogenic
variants [33,34].

Herein, we described four young patients (2224 years old) (4.8%) with germline TP53
pathogenic variants. These four patients have a family history consistent with LFL and
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HBOC syndromes (Group 1). The indication of simultaneous genetic testing for BRCAI,
BRCA2, and TP53 was recommended for women diagnosed with breast cancer at early
onset who have a family history of cancer associated with LFS [35,36].

Also, current guidelines for Li-Fraumeni syndrome (2015 version of the Chompret cri-
teria) recommend that TP53 genetic testing be considered for women diagnosed with breast
cancer before the age of 31 years [21]. In our cohort, the remaining 36 patients fulfilling the
clinical criteria for HBOC and LFL syndromes were negative for BRCA1, BRCA2, and TP53
pathogenic variants. Whole exome sequencing and copy number alterations analysis are
alternative strategies to be applied to these patients.

One index patient at the age of 24 presented a deep deletion of the TP53 gene involv-
ing the exons 2 to 11. Germline deletion of the entire exon 10 of TP53 was reported by
Plummer et al. [37] in a family with LFS. Interestingly, a complete heterozygous deletion of
the TP53 gene (45 kb) was reported in a family fulfilling the criteria of LFS and HBOC [23].
In a Spanish family, Lovet et al. [8] reported an in-frame deletion of TP53 c.437_445del
located at the DNA-binding domain (exon 5), resulting in loss of function of the protein.
Large intragenic deletions of TP53 have also been reported in the IARC TP53 database [38]
in 8% of cases. Although large intragenic deletions of the TP53 gene are not a frequent
cause of hereditary cancer syndromes, strategies to explore these events should be taken
into consideration.

Inactivation of the tumor suppressor TP53 by missense mutations is the most frequent
genetic alteration in human cancers. These missense variants disrupt the ability of p53 to
bind to DNA and consequently interfere in the transactivation of downstream genes [39].
We found three missense pathogenic variants in heterozygosis.

One of 83 index patients with HBOC and LFS (27 years old) presented the TP53
p-R337H variant in heterozygous (1.2%). A Brazilian study in breast cancer patients
identified 70 index cases with the p.R337H variant, of which 68 (97%) had a heterozygous
state [12]. Breast cancer was described in 28.6% of families with the p.R337H variant [11].
This variant was associated with tumor aggressiveness, low survival rates, and poor
prognosis [40]. Studies from South and Southeast Brazil have reported an incidence
ranging from 2.5 to 8.5% of LFS, mainly due to the TP53 p.R337H variant [11,12,41-43].
In the Northeast region of Brazil, a low frequency of this variant (0.9%) was reported
in breast cancer patients [44]. Brazilian population studies using haplotypes analysis
reinforce the hypothesis that the TP53 p.R337H variant is a founder mutation that may
have arisen between Sao Paulo (Southeast) and Porto Alegre (South) [12,17,18]. Apparently,
an immigrant from Portugal was carrier of this mutation. As he worked as a drover on the
route between the South and Southeast regions of Brazil, he would have left descendants
carriers of this variant, which explains its high prevalence in these regions [45]. We reported
for the first time the presence of the p.R337H variant in one HBOC/LFS patient from the
Midwest region of Brazil. Our findings showing a low prevalence (1.2%) of the p.R337H
variant reinforces the hypothesis that the founder haplotype emerged in the South region
and passed through the southeast Brazilian regions, which is highly prevalent.

We also described two HBOC/LFL patients with TP53 missense pathogenic vari-
ants: ¢.1009C > T (p.Arg337Cys) and c.743G > A (p.Arg248GlIn). The TP53 ¢.1009C > T
(p-Arg337Cys) and ¢.743G > A (p.Arg248GIn) variants were reported by Li et al. [46]
in non-BRCA1/2 women with familial breast cancer. Jouali et al. [47] reported that
seven of 39 Moroccan patients with triple negative breast cancer harbored ¢.743G > A
(p-Arg248Gln) variant.

Our patients showing TP53 pathogenic variants were diagnosed with breast cancer
before the age of 27. According to Melhem-Bertrandt et al. [48], women with breast cancer
associated with Li-Fraumeni syndrome tend to develop cancer at a very young age (20 to
30 years). These women diagnosed with breast cancer under the age of 30 generally do not
have a significant family history of cancer, and 3-8% of them have a pathogenic variant
of the TP53 gene [15,49]. Therefore, it is important to prescribe genetic testing for young
patients even if they do not have a strong family history of cancer.
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5. Conclusions

We describe a low frequency (4.8%) of the TP53 germline pathogenic variants in the
Midwest region of Brazil in breast cancer patients. In addition, the most frequent Brazilian
variant p.R337H found in the South and Southeast regions (2.5 to 8.5%) was detected in
only one patient (1.2%). It is noteworthy that all four carriers of the TP53 variants have
the disease at early-onset and fulfill the HBOC and LFL syndromes criteria. Therefore, in
addition to screening tests for BRCAI and BRCA2, young breast cancer patients should also
be investigated for TP53 variants.

Author Contributions: Conceptualization, PEF.d.S. and E.d.P.S.-L.; methodology, PFE.d.S., RM.G.
and T.B.T,; software, PEE.d.S,; validation, PEF.d.S., B.EG. and R M.G.; formal analysis, E.d.P.S.-L. and
S.R.R; investigation, PEF.d.S. and RM.G.; resources, E.d.P.S.-L. and S.R.R.; data curation, E.d.P.S.-L.
and S.R.R.; writing—original draft preparation, PEEd.S., A.P.d.L. and E.d.P.S.-L.; writing—review
and editing, S.R.R. and E.d.PS.-L.; visualization, E.d.P.S.-L.; supervision, A.P.d.L. and E.d.P.S.-L,;
project administration, E.d.P.S.-L.; funding acquisition, E.d.P.S.-L. and S.R.R. All authors have read
and agreed to the published version of the manuscript.

Funding: This study received financial support from the National Council for Scientific and Tech-
nological Development (CNPq), Coordination for the Improvement of Higher Education Personnel
(CAPES), and the Foundation for Research Support of the State of Goias (FAPEG) awarded with the
PPSUS Notice (2017) process number: 201710267001232.

Institutional Review Board Statement: The study was conducted in accordance with th Declaration
of Helsinki, and approved by the Ethics Committee of Federal University of Goias (CEP-CONEP—CAAE:
50626315.6.00 00.5078/N°1791010, 25 October 2016).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: All data presented in this study are available in the Table 1.

Acknowledgments: The authors would like to thank the patients who participated in this study. The
authors are grateful for the assistance given by Ruffo de Freitas Junior of Advanced Breast Diagnosis
Center (CORA)—Clinical of Hospital, Federal University of Goias, Brazil.

Conflicts of Interest: All authors are aware and agree with the content of the manuscript and declare
no conflict of interest.

References

1. Li, EP. Soft-Tissue Sarcomas, Breast Cancer, and Other Neoplasms. Ann. Intern. Med. 1969, 71, 747-752. [CrossRef] [PubMed]

2. Nichols, K.E.; Malkin, D.; Garber, J.E.; Fraumeni, J.F,; Li, EP. Germ-line p53 mutations predispose to a wide spectrum of early-onset
cancers. Cancer Epidemiol. Biomark. Prev. 2001, 10, 83-87.

3.  Li, EP; Fraumeni, ].F; Mulvihill, ].J.; Blattner, W.A.; Dreyfus, M.G.; Tucker, M.A.; Miller, R W. A Cancer Family Syndrome in
Twenty-four Kindreds. Cancer Res. 1988, 48, 5358-5362.

4. Birch, ] M.; Hartley, A.L.; Tricker, K.J.; Prosser, J.; Condie, A.; Kelsey, A.M.; Harris, M.; Jones, P.H.; Binchy, A.; Crowther,
D. Prevalence and diversity of constitutional mutations in the p53 gene among 21 Li-Fraumeni families. Cancer Res. 1994,
54,1298-1304. [PubMed]

5. Malkin, D. Li-fraumeni syndrome. Genes Cancer 2011, 4, 475-484. [CrossRef] [PubMed]

6.  Kleihues, P; Schauble, B.; zur Hausen, A.; Esteve, J.; Ohgaki, H. Tumors associated with p53 germline mutations: A synopsis of 91
families. Am. J. Pathol. 1978, 150, 1-13.

7. Olivier, M.; Goldgar, D.E.; Sodha, N.; Ohgaki, H.; Kleihues, P.; Hainaut, P.; Eeles, R.A. Li-Fraumeni and related syndromes:
Correlation between tumor type, family structure, and TP53 genotype. Cancer Res. 2003, 63, 6643-6650.

8. Llovet, P; Illana, FJ.; Martin-Morales, L.; De La Hoya, M.; Garre, P,; Ibafiez-Royo, M.D.; Pérez-Segura, P.; Caldés, T.; Garcia-
Barberdn, V. A novel TP53 germline inframe deletion identified in a Spanish series of Li-fraumeni syndrome suspected families.
Fam. Cancer 2017, 16, 567-575. [CrossRef]

9. Ribeiro, R.C.; Sandrini, F; Figueiredo, B.; Zambetti, G.P.; Michalkiewicz, E.; Lafferty, A.R.; DeLacerda, L.; Rabin, M.; Cadwell, C,;
Sampaio, G.; et al. An inherited p53 mutation that contributes in a tissue-specific manner to pediatric adrenal cortical carcinoma.
Proc. Natl. Acad. Sci. USA 2001, 98, 9330-9335. [CrossRef] [PubMed]

10. Piovezan, G.C. Prevalence of the TP53 R337H Allele in the State of Parana. Master’s Thesis, Universidade Federal do Parana,

Curitiba, Brazil, 2006.


http://doi.org/10.7326/0003-4819-71-4-747
http://www.ncbi.nlm.nih.gov/pubmed/5360287
http://www.ncbi.nlm.nih.gov/pubmed/8118819
http://doi.org/10.1177/1947601911413466
http://www.ncbi.nlm.nih.gov/pubmed/21779515
http://doi.org/10.1007/s10689-017-9990-0
http://doi.org/10.1073/pnas.161479898
http://www.ncbi.nlm.nih.gov/pubmed/11481490

Biomolecules 2022, 12, 640 80f9

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.
24.
25.
26.
27.
28.
29.

30.
31.

32.
33.

34.

35.

36.

37.

Achatz, M.ILW,; Olivier, M,; Le Calvez, F.; Martel-Planche, G.; Lopes, A.; Rossi, B.M.; Ashton-Prolla, P.; Giugliani, R.; Palmero,
E.IL; Vargas, ER; et al. The TP53 mutation, R337H, is associated with Li-Fraumeni and Li-Fraumeni-like syndromes in Brazilian
families. Cancer Lett. 2007, 245, 96-102. [CrossRef]

Giacomazzi, J.; Graudenz, M.S.; Osorio, C.A.B.T.; Koehler-Santos, P.; Palmero, E.; de Oliveira, M.Z.; Michelli, R.A.D.;
Scapulatempo-Neto, C.; Fernandes, G.C.; Achatz, M.I; et al. Prevalence of the TP53 p.R337H Mutation in Breast Cancer Patients
in Brazil. PLoS ONE 2014, 9, €99893. [CrossRef] [PubMed]

Mathias, C.; Bortoletto, S.; Centa, A.; Komechen, H.; Lima, R.S.; Fonseca, A.S.; Sebastiao, A.P.; Urban, C.A.; Soares, EZW.S.; Prando,
C.; et al. Frequency of the TP53 R337H variant in sporadic breast cancer and its impact on genomic instability. Sci. Rep. 2020,
10, 16614. [CrossRef]

Schon, K.; Tischkowitz, M. Clinical implications of germline mutations in breast cancer: TP53. Breast Cancer Res. Treat. 2018,
167,417-423. [CrossRef] [PubMed]

McCuaig, ].M.; Armel, S.R.; Novokmet, A.; Ginsburg, O.M.; Demsky, R.; Narod, S.A.; Malkin, D. Routine TP53 testing for breast
cancer under age 30: Ready for prime time? Fam. Cancer 2012, 11, 607-613. [CrossRef] [PubMed]

Mai, PL.; Best, A.F,; Peters, ].A.; DeCastro, R.M.; Khincha, P.P.,; Loud, ].T.; Bremer, R.C.; Rosenberg, P.S.; Savage, S.A. Risks of first
and subsequent cancers among TP53 mutation carriers in the National Cancer Institute Li-Fraumeni syndrome cohort. Cancer
2016, 122, 3673-3681. [CrossRef] [PubMed]

Pinto, E.M.; Billerbeck, A.E.C.; Villares, M.C.B.E,; Domenice, S.; Mendonca, B.; Latronico, A.C. Founder effect for the highly
prevalent R337H mutation of tumor suppressor p53 in Brazilian patients with adrenocortical tumors. Arq. Bras. Endocrinol.
Metabol. 2004, 48, 647-650. [CrossRef]

Garritano, S.; Gemignani, F.; Palmero, E.I; Olivier, M.; Martel-Planche, G.; Le Calvez-Kelm, F.; Brugiéres, L.; Vargas, FR.; Brentani,
R.R.; Ashton-Prolla, P; et al. Detailed haplotype analysis at the TP53 locus in p.R337H mutation carriers in the population of
Southern Brazil: Evidence for a founder effect. Hum. Mutat. 2010, 31, 143-150. [CrossRef]

Malkin, D.; Li, EP; Strong, L.C.; Fraumeni, ].F,; Nelson, C.E.; Kim, D.H.; Kassel, J.; Gryka, M.A; Bischoff, F.Z.; Tainsky, M.A; et al.
Germ Line p53 Mutations in a Familial Syndrome of Breast Cancer, Sarcomas, and Other Neoplasms. Science 1990, 250, 1233-1238.
[CrossRef]

NCCN. Genetic/Familial High-Risk Assessment: Breast, Ovarian, and Pancreatic. Available online: https://www.ncen.org/
professionals/physician_gls/pdf/genetics_bop.pdf (accessed on 12 January 2021).

Bougeard, G.; Renaux-Petel, M.; Flaman, ].M.; Charbonnier, C.; Fermey, P.; Belotti, M.; Gauthier-Villars, M.; Stoppa-Lyonnet,
D.; Consolino, E.; Brugieres, L.; et al. Revisiting Li-fraumeni syndrome from TP53 mutation carriers. J. Clin. Oncol. 2015,
33, 2345-2352. [CrossRef]

CLINVAR. Available online: http://www.ncbi.nlm.nih.gov/clinvar/ (accessed on 1 September 2021).

IARC TP53 Database. Available online: p53.iarc.fr/ (accessed on 12 January 2021).

ABraOM. Available online: https://abraom.ib.usp.br/ (accessed on 12 January 2021).

1000 Genomes Project. Available online: www.1000genomes.org/data (accessed on 12 January 2021).

ExAC. Available online: https:/ /exac.broadinstitute.org/ (accessed on 12 January 2021).

dbSNP. Available online: https://www.ncbi.nlm.nih.gov/projects/SNP/ (accessed on 12 January 2021).

The Genome Aggregation Database. Available online: https://gnomad.broadinstitute.org/ (accessed on 12 January 2021).
Custédio, G.; Parise, G.A.; Kiesel Filho, N.; Komechen, H.; Sabbaga, C.C.; Rosati, R.; Grisa, L.; Parise, .Z.; Pianovski, M.A;
Fiori, C.M.; et al. Impact of Neonatal Screening and Surveillance for the TP53 R337H Mutation on Early Detection of Childhood
Adrenocortical Tumors. J. Clin. Oncol. 2013, 31, 2619-2626. [CrossRef]

Apostolou, P; Fostira, F. Hereditary Breast Cancer: The Era of New Susceptibility Genes. BioMed Res. Int. 2013, 747318. [CrossRef]
Walsh, T.; Casadei, S.; Coats, K.H.; Swisher, E.; Stray, S.M.; Higgins, J.; Roach, K.C.; Mandell, J.; Lee, M.K.; Ciernikova, S.; et al.
Spectrum of Mutations in BRCA1, BRCA2, CHEK2, and TP53 in Families at High Risk of Breast Cancer. JAMA 2006,
295, 1379-1388. [CrossRef] [PubMed]

Garber, J.E.; Offit, K. Hereditary Cancer Predisposition Syndromes. J. Clin. Oncol. 2005, 23, 276-292. [CrossRef] [PubMed]
Bachinski, L.L.; Olufemi, S.E.; Zhou, X.; Wu, C.-C,; Yip, L,; Shete, S.; Lozano, G.; Amos, C.I,; Strong, L.C.; Krahe, R. Genetic
mapping of a third Li-Fraumeni syndrome predisposition locus to human chromosome 1q23. Cancer Res. 2005, 65, 427-431.
[PubMed]

Fortuno, C.; James, P.A.; Spurdle, A.B. Current review of TP53 pathogenic germline variants in breast cancer patients outside
Li-Fraumeni syndrome. Hum. Mutat. 2018, 39, 1764-1773. [CrossRef] [PubMed]

Lee, D.S.; Yoon, S.-Y.; Looi, L.M.; Kang, P.; Kang, L.N.; Sivanandan, K.; Ariffin, H.; Thong, M.K.; Chin, K.F,; Taib, N.A.M.; et al.
Comparable frequency of BRCA1, BRCA2 and TP53 germline mutations in a multi-ethnic Asian cohort suggests TP53 screening
should be offered together with BRCA1/2 screening to early-onset breast cancer patients. Breast Cancer Res. 2012, 14, R66.
[CrossRef] [PubMed]

Tinat, J.; Bougeard, G.; Baert-Desurmont, S.; Vasseur, S.; Martin, C.; Bouvignies, E.; Caron, O.; Paillerets, B.B.-D.; Berthet, P;
Dugast, C.; et al. 2009 Version of the Chompret Criteria for Li Fraumeni Syndrome. J. Clin. Oncol. 2009, 27, 108-109. [CrossRef]
Plummer, S.J.; Santibafiez-Koref, M.; Kurosaki, T; Liao, S.; Noblet, B.; Fain, PR.; Anton-Culver, H.; Casey, G. A germline 2.35 kb
deletion of p53 genomic DNA creating a specific loss of the oligomerization domain inherited in a Li-Fraumeni syndrome family.
Oncogene 1994, 9, 3273-3280.


http://doi.org/10.1016/j.canlet.2005.12.039
http://doi.org/10.1371/journal.pone.0099893
http://www.ncbi.nlm.nih.gov/pubmed/24936644
http://doi.org/10.1038/s41598-020-73282-y
http://doi.org/10.1007/s10549-017-4531-y
http://www.ncbi.nlm.nih.gov/pubmed/29039119
http://doi.org/10.1007/s10689-012-9557-z
http://www.ncbi.nlm.nih.gov/pubmed/22851211
http://doi.org/10.1002/cncr.30248
http://www.ncbi.nlm.nih.gov/pubmed/27496084
http://doi.org/10.1590/S0004-27302004000500009
http://doi.org/10.1002/humu.21151
http://doi.org/10.1126/science.1978757
https://www.nccn.org/professionals/physician_gls/pdf/genetics_bop.pdf
https://www.nccn.org/professionals/physician_gls/pdf/genetics_bop.pdf
http://doi.org/10.1200/JCO.2014.59.5728
http://www.ncbi.nlm.nih.gov/clinvar/
p53.iarc.fr/
https://abraom.ib.usp.br/
www.1000genomes.org/data
https://exac.broadinstitute.org/
https://www.ncbi.nlm.nih.gov/projects/SNP/
https://gnomad.broadinstitute.org/
http://doi.org/10.1200/JCO.2012.46.3711
http://doi.org/10.1155/2013/747318
http://doi.org/10.1001/jama.295.12.1379
http://www.ncbi.nlm.nih.gov/pubmed/16551709
http://doi.org/10.1200/JCO.2005.10.042
http://www.ncbi.nlm.nih.gov/pubmed/15637391
http://www.ncbi.nlm.nih.gov/pubmed/15695383
http://doi.org/10.1002/humu.23656
http://www.ncbi.nlm.nih.gov/pubmed/30240537
http://doi.org/10.1186/bcr3172
http://www.ncbi.nlm.nih.gov/pubmed/22507745
http://doi.org/10.1200/JCO.2009.22.7967

Biomolecules 2022, 12, 640 90f9

38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

IARC. Available online: http://p53.iarc.fr/versionR20 (accessed on 12 January 2021).

Kato, S.; Han, S.Y.; Liu, W.; Otsuka, K.; Shibata, H.; Kanamaru, R.; Ishioka, C. Understanding the function-structure and
function-mutation relationships of p53 tumor suppressor protein by high-resolution missense mutation analysis. Proc. Natl. Acad.
Sci. USA 2003, 100, 8424-8429. [CrossRef] [PubMed]

Custodio, G.; Taques, G.R.; Figueiredo, B.C.; Gugelmin, E.S.; Oliveira Figueiredo, M.M.; Watanabe, F.; Pontarolo, R.; Lalli, E.;
Bleggi Torres, L.E. Increased Incidence of Choroid Plexus Carcinoma Due to the Germline TP53 R337H Mutation in Southern
Brazil. PLoS ONE 2011, 6, €18015. [CrossRef]

Assumpgao, J.G.; Seidinger, A.L.; Mastellaro, M.].; Ribeiro, R.C.; Zambetti, G.P.; Ganti, R.; Srivastava, K.; Shurtleff, S.; Pei, D.;
Zeferino, L.C.; et al. Association of the germline TP53 R337H mutation with breast cancer in southern Brazil. BMC Cancer 2008,
8, 357. [CrossRef] [PubMed]

Ashton-Prolla, P. Contribution of TP53 p.R337H mutation to breast cancer prevalence in Brazil. J. Clin. Oncol. 2012, 30, 1522.
[CrossRef]

Silva, F.C,; Lisboa, B.C.; Figueiredo, M.C.; Torrezan, G.T.; Santos, EM,; Krepischi, A.C.; Rossi, B.M.; Achatz, M.I.; Carraro, D.M.
Hereditary breast and ovarian cancer: Assessment of point mutations and copy number variations in Brazilian patients. BMC
Med. Genet. 2014, 15, 55. [CrossRef] [PubMed]

Felix, G.E.; Abe-Sandes, C.; Machado-Lopes, T.M.; Bomfim, T.E; Guindalini, R.S.C.; Santos, V.C.S.; Meyer, L.; Oliveira, P.C.; Neiva,
J.C.; Meyer, R.; et al. Germline mutations in BRCA1, BRCA2, CHEK2 and TP53 in patients at high-risk for HBOC: Characterizing a
Northeast Brazilian Population. Hum. Genome Var. 2014, 1, 14012. [CrossRef]

Achatz, M.ILA.S.Z. Penetrance Modifiers of Germline Mutations in the TP53 Gene in Brazilian Families with Clinical Diagnosis of
Li-Fraumeni and Li-Fraumeni Like Syndrome: Impact of Intragenic TP53 Polymorphisms and Genes that Regulate p53 Activity.
Ph.D. Thesis, University of Sao Paulo, Sao Paulo, Brazil, 2008; 250p.

Li, J.; Meeks, H.; Feng, B.].; Healey, S.; Thorne, H.; Makunin, L; Ellis, J.; Campbell, I.; Southey, M.; Mitchell, G.; et al. Targeted
massively parallel sequencing of a panel of putative breast cancer susceptibility genes in a large cohort of multiple-case breast
and ovarian cancer families. ]. Med. Genet. 2016, 53, 34—42. [CrossRef]

Jouali, E; El Ansari, EZ.; Marchoudi, N.; Barakat, A.; Zmaimita, H.; Samlali, H.; Fekkak, J. EGFR, BRCA1, BRCA2 and TP53
genetic profile in Moroccan triple negative breast cancer cases. Int. J. Mol. Epidemiol. Genet. 2020, 11, 16-25.

Melhem-Bertrandt, A.; Bojadzieva, J.; Ready, K.J.; Obeid, E.; Liu, D.D.; Gutierrez-Barrera, A.M.; Litton, ].K.; Olopade, O.1,;
Hortobagyi, G.N.; Strong, L.C.; et al. Early onset HER2-positive breast cancer is associated with germline TP53 mutations. Cancer
2012, 118, 908-913. [CrossRef]

Mouchawar, J.; Korch, C.; Byers, T.; Pitts, TM.; Li, E.; McCredie, M.R.; Giles, G.G.; Hopper, J.L.; Southey, M.C. Population-Based
Estimate of the Contribution of TP53 Mutations to Subgroups of Early-Onset Breast Cancer: Australian Breast Cancer Family
Study. Cancer Res. 2010, 70, 4795-4800. [CrossRef]


http://p53.iarc.fr/versionR20
http://doi.org/10.1073/pnas.1431692100
http://www.ncbi.nlm.nih.gov/pubmed/12826609
http://doi.org/10.1371/journal.pone.0018015
http://doi.org/10.1186/1471-2407-8-357
http://www.ncbi.nlm.nih.gov/pubmed/19046423
http://doi.org/10.1200/jco.2012.30.15_suppl.1522
http://doi.org/10.1186/1471-2350-15-55
http://www.ncbi.nlm.nih.gov/pubmed/24884479
http://doi.org/10.1038/hgv.2014.12
http://doi.org/10.1136/jmedgenet-2015-103452
http://doi.org/10.1002/cncr.26377
http://doi.org/10.1158/0008-5472.CAN-09-0851

	Introduction 
	Materials and Methods 
	Patients 
	Genomic DNA Isolation and Sequencing 
	Variants Confirmation by Sanger Sequencing and MLPA (Multiplex Ligation-Dependent Probe Amplification) 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

