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Introduction
Approximately 3-9% of the thyroid neoplasms are hereditary. 

Familial non-medullary thyroid cancer (FNMTC) is diagnosed 
when three or more first-degree relatives are affected and 
is classified into Syndromic familial adenomatous polyposis, 
Gardner’s syndrome, Cowden’s disease, Carney’s complex type 1, 
Werner’s syndrome) and Nonsyndromic (thyroid cancer). Several 
candidate chromosomal loci and susceptibility genes have been 
reported but these results are not replicated in subsequent 
studies. As the Next Generation Sequencing (NGS) now offers a 
powerful new diagnostic  approach of the goal of this article was 
to review the current knowledge the new approaches used for 
the molecular characterization of FNMTC cases.

Familial predisposition of nonmedullary thyroid carcinoma 
(FNMTC) is diagnosed when three or more first-degree relatives 
are affected. It occurs in about 3-9% of the follicular cell-derived 
neoplasms and is classified into Syndromic and Nonsyndromic 
because encompasses a heterogeneous group of diseases [1]. 
The Syndromic group is characterized by a predominance of 
non-thyroidal tumors. Some syndromes are more frequently 
observed, such as familial adenomatous polyposis (FAP), Cowden 
syndrome, Werner syndrome and Carney complex, with thyroid 
cancer prevalence of 2-12%, 35%, 18% and 15%, respectively. 
Except for Werner’s syndrome, all syndromes related with 
FNMTC are autosomal dominant. Several driver-genes have 
been identified, APC gene was associated to FAP and PTEN, SDH, 
PIK3CA, AKT1 and KLLN were related to Cowden syndrome; 
PRKAR1α was related to Carney complex and WRN gene was 
associated to Werner’s syndrome [1]. 

The Nonsyndromic form accounts for 95% of all FNMTC 
cases and is characterized by the presence of thyroid cancer 
and the absence of other known associated syndromes [2]. 
The Papillary Thyroid Carcinoma (PTC) subtype is the most  

 
commonly observed and may or may not be associated 
with benign thyroid neoplasms (multinodular goiter) or 
autoimmunity thyroid disease (Hashimoto’s thyroiditis). Several 
candidate chromosomal loci and susceptibility genes have been 
reported (1q21, 2q21, 6q22, 8p23.1-p22 and 19p13.2, NKX2‐1, 
FOXE1, SRGAP1, TERT, HABP2 and C14orf93) suggesting that it 
is a polygenic familial cancer syndrome [1,3-5]. As subsequent 
studies failed to identify segregation of these candidates with 
the disease and due to the clinical variability of the patients, 
the molecular profile of each FNMTC family may be unique 
[6-9]. Furthermore, important cancer-related genes (APC, 
PTEN, TSHR, RET, TRK, c‐MET, BRAF and H‐K‐N‐RAS) were 
also excluded as the cause of FNMTC [10]. In the last decade, 
techniques for single-target detection have been replaced by the 
Next Generation Sequencing (NGS), which allows simultaneous 
analysis of a large group of genes generating a large volume of 
data in parallel [11-13]. The NGS high-throughput platforms are 
more efficient, less expensive and provides information that is 
not provided by Sanger DNA sequencing analysis or by hot spot 
mutation gene targeted assays (MLPA - Multiplex Ligation Probe-
dependent Amplification or Taqman Genotyping) [10–12]. 
Analysis of the generated data is a complex process. In familial 
diseases with clinical heterogeneity, as observed in FNMCT, a 
careful selection of the individuals to be submitted to the NGS 
is necessary. The inclusion of unaffected individuals improves 
diagnostic rates by facilitating variants selection and mutations 
identification due to the exclusion of regional polymorphisms. 
The definition of a suitable pipeline for the identification and 
classification of the variants is also an essential step [11,12]. 
In silico predictive analysis provided by specific programs such 
as Polyphen2, SIFT, Mutation Assessor and Mutation Taster is a 
valuable tool to distinguish between the pathological and benign 
variants associated with the phenotype, taking into account the 
evolutionary conservation of the amino acid or nucleotide residue, 
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biochemical impact of the amino acid substitution considering 
the physicochemical properties, and the variant localization 
[11,12]. As there is no rule, the use a more stringent filtering 
criterion are more appropriate as the first approach while less 
strict selection may be adequate when no candidate variant was 
identified [13-16]. It is noteworthy that a consensus among the 
prediction results leads to a better accuracy, as in CONDEL, PON-P 
and Meta-SNP algorithms [11,17,18]. Information obtained from 
population databases (1000 Genomes Project, ExAc and Exome 
Variant Server (EVS)) are frequently used to exclude variants 
that are deemed polymorphic/benign based on a global minor 
allele frequency (MAF) cut off of ~1% (0.01). 

However, it is important to consider ethnicity-specific 
MAFs that depend on the ethnic background of the population, 
particularly in populations with high miscegenation as observed 
in Brazilians, underrepresented in most of the genomic 
databases, however data made available by local consortiums as 
ABraOM [19] and EPIGEN-BRAZIL [20] unravel this problem. In 
the literature, it is already possible to observe the benefits of new 
generation sequencing in the FNMTC. Recently, a group sought to 
identify previously undescribed cancer-predisposing gene(s) in 
a Cowden Syndrome family enriched for thyroid cancer across 
4 generations, who had tested negative for PTEN, SDHB-D and 
KLLN, via an approach combining exome sequencing and family 
study. They found a variant in SEC23B gene and suggested that 
this germline heterozygous variant is associate with cancer 
predisposition [21]. Moreover, when whole-genome approach 
was conducted in sporadic FAP patient in which any pathogenic 
APC mutations was found by the conventional Sanger sequencing, 
a mosaic mutation in ~12% of his peripheral leukocytes was 
identified. Demonstrating that NGS is an effective tool to identify 
genetic mosaicism in hereditary diseases [22]. A variant on WRN 
gene was identified by exome-wide sequencing in a 16-year-old 
girl with an atypical syndrome without diagnosis after 10 years of 
the first symptoms. The variant has been previously reported in 
Werner’s syndrome (WS) and when the patient was re-evaluated 
several features of WS were detected, allowing the early diagnosis 
of a recessive disease and the early use of adequate therapies 
and interventions [23]. Using Whole Exome Sequencing (WES) 
a germline variant in the HABP2 gene was identified in a family 
with seven PTC patients of a FNMTC kindred and in 4.7% of 423 
sporadic PTC cases. This variant increased protein expression 
in the tumor samples and functional studies showed that the 
loss of function p.G534E rs7080536 variant leads to increased 
colony formation and cell migration, characteristics of malignant 
transformation, suggesting that the HABP2 gene may be involved 
in susceptibility to thyroid cancer [4]. Because the authors did 
not report the ethnicity of the family and for having used only 
one database to determine MAF (1000 Genomes), this result 
was questioned by others groups [24]. Furthermore, this variant 
was considered a polymorphism in other populations (United 
Kingdom, USA, Saudi Arabia, Colombia, Spain, Italy, Australia and 
Brazil) [24].

Only Zhang et al identified the rs7080536 variant in 4/29 
(13.8%) of unrelated FNMTC kindreds [25]. In other study, 
through linkage analysis and exome-sequencing the genes 
C14orf93 (RTFC), PYGL and BMP4 were identified as candidate 
genes in a FNMTC family with 5 cases of PTC. However, the 
functional studies showed that only the p.V205M mutation of 
the C14orf93 gene led to increased migration rate and colony 
formation in a PTC cell line [5]. Next Generation Sequencing 
allied to capture of expressed sequences from genomic DNA now 
offers a powerful new diagnostic approach. Barriers to use this 
technology still include cost and the complexity of interpreting 
results arising from simultaneous identification of large numbers 
of variants. Thus, cost reductions and new friendly analysis of 
this big data are necessary. Even so, the results obtained through 
this new generation sequencing technology have opened doors 
to new possibilities in the search for the molecular bases of 
thyroid familial cancer.
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