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RESUMO

Introducio: O cancer de mama ¢ a doenca maligna mais comum entre as mulheres, com taxas crescentes
em todo o mundo. Os carcinomas mamarios sdo considerados uma doenca complexa heterogénea e,
apesar de varios estudos sobre seus aspectos moleculares, alguns genes de alto risco ndo foram relatados
em determinadas populagdes. Mutagdes pontuais hotspot (c.-124 pb G> A e c.-146 pb G> A) no promoter
da transcriptase reversa da telomerase (TERT) em varios tipos de tumores solidos foram recentemente
descritas. Objetivo: Neste estudo, objetivamos determinar a frequéncia das muta¢des dos hotspots da
regido promotora do gene 7ERT usando o sequenciamento Sanger em uma série de 98 pacientes brasileiras
com cancer de mama. Resultados: A analise mutacional mostrou a auséncia de mutagdes pontuais hotspot
no promoter TERT, mas revelou uma certa frequéncia do alelo menor rs2853669. Conclusao: Podemos
concluir diante dos resultados identificados no presente estudo que, as mutagdes somaticas do hotspot
TERT podem nao ser um fator contribuinte na carcinogénese do cancer de mama na populagdo brasileira.

Palavras-chave: Carcinomas mamarios, detecgdo precoce, mutagdes do promotor de TERT.

ABSTRACT

Introduction: Breast cancer is the most common malignancy in women, with increasing rates worldwide.
Breast carcinomas are considered a heterogeneous complex disease and despite several studies
regarding its molecular aspects, some high-risk genes have not been reported in certain populations.
Hotspot mutations (c.-124 bp G>A and c.-146 bp G>A) in the telomerase reverse transcriptase (TERT)
promoter in several types of solid tumors has been recently described. Aim: In this study, we aimed to
determine the frequency of hotspot TERT promoter mutations using Sanger sequencing in a series of 98
Brazilian patients with breast cancer Results: The mutation analysis showed the absence of mutations
in the hotspots of the TERT promoter but revealed a certain frequency of the rs2853669 minor allele.
Conclusion: We can conclude from the results identified in this study that TERT somatic hotspot
mutations may not be a contributing factor in breast cancer carcinogenesis in the Brazilian population.

Keywords: Breast carcinomas, early detection, TERT promoter mutations.
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INTRODUCTION

Breast cancer (BC) is the second most frequent
type of carcinoma and the most common malignant
tumor affecting women worldwide. BC survival rates
vary globally depending on several risk factors that
affect the pathogenesis of the disease and the mortality
after diagnosis. Overall, it is estimated to be the fifth
leading cause of cancer-related deaths' .

Breast carcinomas are considered a
heterogeneous complex disease having distinct
biological features and behavior with a consequent
varying response to treatment modalities and clinical
outcomes?. Traditional classification systems of this
cancer are based on morphological features, clinical
characteristics, and the status of estrogen receptor
(ER), progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2)®. Studies
involving gene expression analysis using high-
throughput technologies have characterized the BC
heterogeneity and identified several BC subgroups,
including the widely accepted basal-like, human
epidermal growth factor receptor 2—positive (HER2*/
ER*), luminal A, luminal B, and triple negative
subtypes*”.

Recently, The Cancer Genome Analysis

(TCGA), the International Cancer Genome
Consortium (ICGC), the Molecular Taxonomy
of Breast Cancer International Consortium
(METABRIC), and other projects provided

genomic and epigenomic information regarding BC
carcinogenesis and pathway interactions®®. These
findings revealed that BC is more complex than
previously thought and showed a higher frequency
of mutations in several genes that can vary according
to a molecular subtype and subgroups of tumors with
similarities in copy number aberrations (CNA)*'*
Furthermore, regarding the distribution of mutations
in high-risk genes by BC subtypes, the TERT gene
could be an interesting high-risk candidate for further
evaluation.

The human telomerase reverse transcriptase
(TERT) gene encodes a catalytic subunit of telomerase
that is associated with telomere genomic integrity'!!2,
The TERT recurrent somatic mutations described
in the promoter region are mainly located in two
hotspots (c.-124 bp G>A and c.-146 bp G>A) creating
de novo Ets/TCF-binding sites as a novel mechanism

of telomerase expression in cancer'''?. This gene
has been found to be frequently mutated in skin
melanomas in conjunction with BRAF mutations, in
central-nervous-system tumors (especially gliomas),
in bladder tumors, and in follicular-cell-derived
thyroid cancers!'"". Our group has explored TERT
somatic mutations in several tumors, including
BC', gastrointestinal stromal tumors (GIST)", soft
tissue sarcomas'®, testicular germ cell tumors', acral
lentiginous melanomas®, and colorectal precursor
lesions and cancer®'. In BC, a higher frequency of
TERT hotspot mutations has been reported in the
phyllodes subtype, a group of rare fibroepithelial
neoplasms'®?>?* | and lower frequencies in the other
most common types of BC were described (0.9% of
319 cases)*. In the present study, we investigated the
frequency of TERT mutations in Brazilian patients
with BC.

MATERIAL AND METHODS
Study population

We included 98 Brazilian patients from the
Barretos Cancer Hospital, with approval of the local
ethics committee. The clinical and molecular features
of the patients are reported in Table 1. All included
patients had an average age of 54.6 years (ranging
from 22 to 79). Patients with clinical stage I, II, and
I1I, the absence of previous treatment, and availability
of the material at the Barretos Cancer Hospital’s
biobank were included. All cases were reviewed by
an expert pathologist and categorized according to
the World Health Organization classification®.

DNA extraction

Breast cancer frozen tissue samples were
undergoing genomic DNA extraction using the
QIASymphony SP (QIAGEN, Hilden, Germany) au-
tomated system based on magnetic-bead technology
(QIAGEN, Hilden, Germany) according to the manu-
facturer’s protocol (QIAsymphony DNA Mini Kit).
Quantification and DNA quality assessment were
performed using a Nanodrop 2000 spectrophotome-
ter (NanoDrop Products, Wilmington, DE, USA) and
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stored at -20° C until further genetic analysis.

Identification of mutations by genomic
DNA sequencing

Identification of the c.-146bp G > A and c.-
124bp G > A hotspot TERT mutation on tumor
genomic DNA was accomplished by amplifying
exon 16 of the TERT gene using the primers and
Polymerase Chain Reaction (PCR) conditions that we
established previously'**. Briefly, a 235-bp region of
the TERT promoter containing the hotspots of C228T
and C250T mutations was PCR-amplified using
primers Fw: 50 -CAGCGCTGCCTGAAACTC-30
and Rw: 50 - GTCCTGCCCCTTCACCTT-30
resulting in a PCR product of 235 bp, which contained
the sites chr5.hgl19:2.1295228 C > T and chrS.
hg19:2.1295250C > T, corresponding to the c.-124bp
G > A and c.-146bp G > A mutations, respectively.
PCR amplification of the genomic DNA (25-100
ng) was performed using the Qiagen Multiplex
PCR kit (Qiagen, Hilden, Germany), according
to the manufacturer’s protocol, using Q solution.
Sequencing reactions were performed with the ABI
Prism BigDye Terminator Kit (Thermo Scientific,
Waltham) and the fragments were run in an ABI
prism 3100 and 3500 xLL Genetic Analyzer (Thermo
Scientific, Waltham). The sequencing reaction was
performed in forward direction. When a mutation
was identified, an independent PCR amplification/
sequencing, both in forward and reverse directions,
was performed to confirm the result.

Ethics statement

This study was approved by the Research
Ethics Committee of the Barretos Cancer Hospital
under Protocol No. 1212/2016. All information that
could be used to identify the study participants was kept
confidential and encrypted in the database to ensure
the confidentiality of the data and the anonymity of
the participants. Each research participant provided
written informed consent for the publication of any
data associated with the present study.

RESULTS

Clinical and pathological features

Clinical and histopathological data of the
88 breast cancer patients enrolled in this study are
presented in Table 1. All patients included in this
cohort were female (100%, n= 98) with ages ranging
from 22 to 79 years (median = 52.6 years). Tumor
histology was subdivided into Adenocarcinoma
(2%, n= 2), Invasive ductal carcinoma (86.7%, n=
85), and Lobular carcinoma (11.1%, n= 11). Tumor
histological grade were as follows: 21.4% (n=21) in
stage I, 41.8% (n= 41) in stage II, 31.6% (n= 31) in
the stage III, and 6% (n= 6) of patients showed no
conclusive results. Regarding of hormonal receptors
of these patients 81.6% (n= 80) were positive
estrogen receptor and 72.4% (n= 71) were positive
progesterone receptor. We identified that 13.3% (n=
13) of these patients had hyperexpression of human
epidermal growth factor receptor 2 (HER-2). Clinical
stage was T1 (37.7) in 37 cases, T2 was (50%) in 49
cases and T3 (8.1%) in 8 cases; 37 (37.8%) of the
cases had clinically positive lymph nodes (N1/N2)
and 51 cases (58.1%) were NO; 94 (95.9%) had not
metastasis.

Hotspot TERT Promoter Mutations in
Brazilian Patients with Breast Cancer

In the present study, the promoter SNP
1s2853669 (-245A>G) was analyzed in 98 samples.
To determine whether breast cancer had mutations
in Brazilian Patients, the genomic DNA from breast
cancer was examined for mutation by direct Sanger
Sequencing. We obtained a failure rate of 0%, which
means that of the 98 samples tested by PCR 98/98
presented conclusive results in the Sanger sequen-
cing. The results of sequencing analysis showed the
absence of mutation in the exon 16 of the TERT gene
in all of the 98 different cases of primary breast can-
cer.

We identified a single nucleotide polymor-
phism (SNP), corresponding to the minor allele
of 152853669 was detected in the TERT gene in 39
(39,8%) cases of the 98 patients examined (Figure 1
and Table S1).
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Table 1. Clinicopathological features of all patients.

Variables N %

Age 54.6 y mean 98 -

(range 22- 79)

Gender Female 98 100.0
Histology Adenocarcinoma 2 2.0
Invasive ductal carcinoma 85 86,7
Lobular carcinoma 11 11.1
N/C 7 7.1
Histological grade I 21 21.4
I 41 41.8
111 31 31.6
N/C 6 6.2
ER Positive 80 81.6
Negative 14 14.3
N/A 5 5.1
PR Positive 71 72.4
Negative 23 23.5
N/A 5 5.1
HER2 Positive 13 133
Negative 81 83.5
N/A 5 5.1
T T1 37 37.7
T2 49 50.0
T3 8 8.1
N/A 5 5.1
N NO 57 58.1
N1 26 26.5
N2 11 11.2
N/A 5 5.1
M MO 94 95.9
N/A 5 5.1

N/A, Not available; N/C, Not conclusive; ER, estrogen receptor; PR, progesterone receptor.
with the mean values.

“Conc.= concentration”; “sd= standard deviation”.
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Wild type
sequence

Mutant
sequence
(heterozygote)

GGGGCAGGACGGGTGCCCGGGTCCCCAGTCCCTCCGCCACGTGGGAAGCGC

e

GGGGCAGGACGGGTGCCCGGGTCCCCAGTCCCTCCGCCACGTGGGGAGCGC

U

c.-124bp A/A

c.-124bp G > A

Figure 1. Representation and electropherogram of TERT showing the wild-type sequence for both mutation hotspots
and the minor allele of the rs2853669 polymorphism. The sites analyzed (-124 bp, -146 bp and -245 bp) are highlighted.

DISCUSSION

Telomerase expression plays a role in cellular
senescence, as it is normally repressed in postnatal
somatic cells resulting in progressive shortening
of telomeres”’. The many studies reported that
telomerase is reactivated in the majority of human
cancers denotes that it plays a crucial role in tumor
development and/or progression®. TERT has been
found to be overexpressed in 90% of human cancer?®.
The identification of TERT mutations has provided a
genetic cause for telomerase reactivation in a subset
of human cancers, namely in gliomas®*, GIST',
melanomas® and colorectal precursor lesions and
cancer’!, where TERT mutations are particularly
frequent.

The TERT promoter SNP 152853669 and its
association with cancer risk has been reported in
various cancer types in different populations®-'. Our
results are in agreement with findings of a report that
showed a low frequency of TERT promoter mutation
in the most common types of BC*. Interestingly, a
meta-analysis uncovered an increased risk of BC

associated with the rs2853669 minor allele®?. Further
case-control studies are warranted to determine
whether the minor allele of rs2853669 also constitute
a risk factor in the Brazilian population. Moreover,
this is the first study to analyze the TERT mutation
status of Brazilian BC patients. In this sense, Shimoi
et al identified that given the rarity of TERT promoter
mutations, further studies are needed to confirm their
prognostic significance in breast cancer cases®. In
another study, the authors found definitive evidence
for the genetic control of telomere length from the
evaluation of common genetic variants at the TERT
locus and reported multiple associations with breast
cancer risk in both the general population and in
BRCA1 mutation carriers®.

In this study, we did not evaluate the limit of
detection (LoD) of the Sanger sequencing technique,
since this is a gold standard method. According to
Tsiatis et al.** Sanger sequencing can provide a LoD
of 15 to 20% 3, while other techniques can present a
very different LoD. For example, the Pirosequencing
technique generally provides a LoD of 5% (34),
while NGS targeted resequencing provides a limit
of detection down to 1% (35,36). Although, several
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studies have shown that Sanger sequencing does not
have the sensitivity required to detect mosaic variants
consistently’’®, in this study we can observed that
the sequencing performed well among the analyzed
samples.

The major limitation of this study lies in
the absence of a control group, through which we
could observe the influences of SNPs in different
groups. Another limitation is based on the fact that
the detection limit of Sanger sequencing was not
evaluated. However, frozen tissue samples were used,
and the extracted genomic DNA showed excellent
quality, which made the assay quite efficient. We
believe that other studies could be carried out with a
larger court in which it was possible to obtain a well-
defined control group.

CONCLUSION

In conclusion, the analysis of TERT promoter
mutations in BC of Brazilian patients is described
for the first time. The results showed the absence of
TERT promoter mutations in the hotspots, suggesting
that these alterations are not involved directly in BC
carcinogenesis.

ABBREVIATIONS

TERT — Telomerase Reverse Transcriptase

BC - Breast Cancer

ER - Estrogen Receptor

PR — Progesterone Receptor

HER 2 — Human Epidermal Growth Factor Receptor
2

TCGA - The Cancer Genome Analysis

ICGC - International Cancer Genome Consortium
METABRIC - Molecular Taxonomy of Breast
Cancer International Consortium

CNA - Copy Number Aberrations

PCR - Polymerase Chain Reaction
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Supplementary material

Table S1: Clinical and molecular features of patients with breast cancer.

. o Age . Histological TERT SNP
Patient n (years) Gender Histology grade rsgggzgg\:) (-
)
1 78 Female Invasive ductal carcinoma I A/G
2 51 Female Invasive ductal carcinoma Il A/G
3 41 Female Invasive ductal carcinoma I A/G
4 37 Female Invasive ductal carcinoma I A/G
5 45 Female Invasive ductal carcinoma Il A/G
6 53 Female Invasive ductal carcinoma I A/G
7 58 Female Invasive ductal carcinoma Il G/G
8 67 Female Invasive ductal carcinoma I A/G
9 48 Female Invasive ductal carcinoma I A/G
10 71 Female Invasive ductal carcinoma I A/G
11 54 Female Invasive ductal carcinoma 1] A/G
12 68 Female Invasive ductal carcinoma I A/G
13 65 Female Invasive ductal carcinoma Il G/G
14 57 Female Invasive ductal carcinoma I A/G
15 49 Female Lobular carcinoma I A/G
16 59 Female Adenocarcinoma I A/G
17 73 Female Lobular carcinoma I A/G
18 67 Female Adenocarcinoma I G/G
19 77 Female Invasive ductal carcinoma I A/G
20 44 Female Invasive ductal carcinoma I A/G
21 45 Female Invasive ductal carcinoma Il A/G
22 46 Female Invasive ductal carcinoma i A/G
23 43 Female Invasive ductal carcinoma I A/G
24 47 Female Invasive ductal carcinoma I A/G
25 45 Female Invasive ductal carcinoma 1] A/G
26 59 Female Invasive ductal carcinoma I A/G
27 47 Female Invasive ductal carcinoma I A/G
28 63 Female Invasive ductal carcinoma I A/G
29 60 Female Invasive ductal carcinoma Il A/G
30 53 Female Invasive ductal carcinoma I A/G
31 42 Female Invasive ductal carcinoma I A/G
32 61 Female Invasive ductal carcinoma I A/G
33 41 Female Lobular carcinoma I A/G
34 55 Female Invasive ductal carcinoma I A/G
35 58 Female Lobular carcinoma I A/G
36 42 Female Invasive ductal carcinoma I A/G
37 69 Female Invasive ductal carcinoma I A/G
38 39 Female Invasive ductal carcinoma 11! A/G




39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

58
51
28
59
60
50
48
43
62
70
63
22
40
62
44
44
37
55
61
36
71
69
68
55
50
71
79
70
69
54
61
43
68
46
37
70
37
56
47
45
54
52
58
46

Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female

Invasive ductal carcinoma
Invasive ductal carcinoma
Lobular carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Lobular carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Lobular carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Lobular carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Lobular carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Lobular carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma

AlG
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A




83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98

45
71
67
49
22
57
35
36
55
50
45
60
73
59
39
59

Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female

Lobular carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma
Invasive ductal carcinoma

A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A
A/A




