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Thyroid cancer is not just a common type of cancer, it is the most frequently diagnosed
endocrine malignancy worldwide. The aetiology of thyroid cancer is essentially multifacto-
rial and radiation is the best documented risk factor related to the disease. However, many
questions are still open and seeking clarification, especially regarding the genetic aspects
of this pathology, with clear implications not only on a scientific basis of the disease, but
foremost in clinical oncology.

Thyroid gland tumours are a heterogeneous group of neoplasms that may arise from
virtually any of the different cell types that are present in the thyroid gland. Although
the malignant tumours are most frequently identified in thyroid follicular cells, it is clear
that the molecular-genetic characterization is crucial and should be further explored to
emphasize differences in tumour biological behaviours, aggressiveness, and disease prog-
nostics. Papillary and follicular thyroid carcinomas (PTC and FTC, respectively) represent
85–90% and 5–10% of thyroid cancer cases, respectively, arising from thyroid follicular cells.
These tumour histotypes retain their morphologic features and are often referred to as
differentiated thyroid carcinoma (DTC). However, the aetiology of DTC is still unknown.

Considerable progress has been made in the understanding of thyroid carcinogenesis,
in part based on retrospective and prospective studies published worldwide in recent
decades, but also in the development of high-throughput approaches and the availability
of improved diagnostic methodologies that lead to early diagnosis. In fact, over the last few
decades, the research in thyroid cancer has highlighted the mutational landscape leading
to better understanding of the molecular pathogenesis of DTC.

The hallmarks of cancer have been identified with several potential targets involved
in gene expression deregulation, leading to the promotion of genetic instability and cancer
development. The identification of genetic variants related to thyroid cancer has been a long
way, though it is crucial to identify possible potential biomarkers of susceptibility. Some
genetic variants have been identified in specific subtypes, which are related to the increased
risk to develop this malignancy, such as the BRAF V600E mutation in PTC patients with a
more aggressive phenotype if TERT promoter mutation coexists [1]. However, mutations
in RET and RAS genes have also been identified as biomarkers in thyroid cancer patients.

Alongside with genetic variants, epigenetic events and alterations in the expression
of microRNAs (miRNAs) [2] and long noncoding RNAs (lncRNA) may also, through
modulation of gene expression [3], drive the aberrant activation of oncogenic signalling
pathways and the downregulation of thyroid-specific genes, thus contributing to the
development, progression, and dedifferentiation of thyroid cancer [4].

Connected to this, the genetic instability inflicted in this malignancy, involving genetic
and epigenetic alterations, might also compromise the treatment response. The standard
treatment for thyroid cancer patients consists of surgical resection accompanied by post-
thyroidectomy radioiodine (RAI) adjuvant therapy. The radioiodine therapy relies on
the ability of 131I to be preferentially taken up in normal or neoplastic thyroid follicular
cells. Its accumulation induces high DNA damage, which leads to cytotoxicity. However,
the ionizing radiation does not only affect tumour cells, but the lesions may also impair
normal cells. The most common lesions induced by radiation are double-strand breaks
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(DSBs), which are processed by enzymes involved in DNA repair pathways. The presence
of genetic variants in these enzymes might impair the repair efficiency but also could
influence the cytotoxic potential of RAI therapy, hence its efficacy in DTC treatment [5].
The development of induced DNA damage approaches can help in the evaluation of
the efficacy of therapeutics as it has been shown to be an important tool for establishing
biomarkers of susceptibility.

Although the most frequent variants identified in thyroid cancer contribute to spo-
radic disease, about 5 to 15% of all diagnosed cases are familial (first degree relatives)
in nonmedullary thyroid cancer (NMTC), increasing to 25% in medullary thyroid cancer
(MTC) cases. This adds to the clear existence of genetic predisposition factors related to
this pathology [6]. Advances in molecular genetics and several candidate gene studies
developed worldwide have linked the occurrence of this malignancy to some hereditary
syndromes, some of which are related to germline mutations in RET genes.

Although thyroid cancer is not considered a common malignancy, with a 98% relative
survival rate, this does not undermine the need to fully understand the mechanisms of
disease in all of its aspects using all available tools from epidemiology approaches—genetic,
epigenetic, regulation, therapeutic response, and resistance [7].

This collection aims to show how much has been achieved and what remains to be
done with regard to thyroid cancer. Above all, bringing together researchers and clinicians
is the key to better understand this heterogeneous disease.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Luzon-Toro, B.; Fernandez, R.M.; Villalba-Benito, L.; Torroglosa, A.; Antinolo, G.; Borrego, S. Influencers on Thyroid Cancer

Onset: Molecular Genetic Basis. Genes 2019, 10, 913. [CrossRef] [PubMed]
2. Stuchi, L.P.; Castanhole-Nunes, M.M.U.; Maniezzo-Stuchi, N.; Biselli-Chicote, P.M.; Henrique, T.; Padovani Neto, J.A.; de-Santi

Neto, D.; Girol, A.P.; Pavarino, E.C.; Goloni-Bertollo, E.M. VEGFA and NFE2L2 Gene Expression and Regulation by MicroRNAs
in Thyroid Papillary Cancer and Colloid Goiter. Genes 2020, 11, 954. [CrossRef] [PubMed]

3. Davis, P.J.; Lin, H.Y.; Hercbergs, A.; Mousa, S.A. Actions of L-thyroxine (T4) and Tetraiodothyroacetic Acid (Tetrac) on Gene
Expression in Thyroid Cancer Cells. Genes 2020, 11, 755. [CrossRef] [PubMed]

4. Iacobas, D.A. Biomarkers, Master Regulators and Genomic Fabric Remodeling in a Case of Papillary Thyroid Carcinoma. Genes
2020, 11, 1030. [CrossRef] [PubMed]

5. Santos, L.S.; Monteiro-Gil, O.; Silva, S.N.; Gomes, B.C.; Ferreira, T.C.; Limbert, E.; Rueff, J. Micronuclei Formation upon
Radioiodine Therapy for Well-Differentiated Thyroid Cancer: The Influence of DNA Repair Genes Variants. Genes 2020, 11, 1083.
[CrossRef] [PubMed]

6. Miasaki, F.Y.; Fuziwara, C.S.; Carvalho, G.A.; Kimura, E.T. Genetic Mutations and Variants in the Susceptibility of Familial
Non-Medullary Thyroid Cancer. Genes 2020, 11, 1364. [CrossRef] [PubMed]

7. Byun, S.H.; Min, C.; Choi, H.G.; Hong, S.J. Association between Family Histories of Thyroid Cancer and Thyroid Cancer Incidence:
A Cross-Sectional Study Using the Korean Genome and Epidemiology Study Data. Genes 2020, 11, 1039. [CrossRef] [PubMed]

http://doi.org/10.3390/genes10110913
http://www.ncbi.nlm.nih.gov/pubmed/31717449
http://doi.org/10.3390/genes11090954
http://www.ncbi.nlm.nih.gov/pubmed/32824922
http://doi.org/10.3390/genes11070755
http://www.ncbi.nlm.nih.gov/pubmed/32645835
http://doi.org/10.3390/genes11091030
http://www.ncbi.nlm.nih.gov/pubmed/32887258
http://doi.org/10.3390/genes11091083
http://www.ncbi.nlm.nih.gov/pubmed/32957448
http://doi.org/10.3390/genes11111364
http://www.ncbi.nlm.nih.gov/pubmed/33218058
http://doi.org/10.3390/genes11091039
http://www.ncbi.nlm.nih.gov/pubmed/32899186

	References

