Revista Argentina de Endocrinologia y Metabolismo
Copyright ® 2013 por la Sociedad Argentina de Endocrinologia y Metabolismo Vol 50 @ N2 2

REVISION

Molecular Markers in Thyroid Cancer

Marcadores moleculares en el cancer de tiroides
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ABSTRACT

Advances in thyroid molecular biology studies are providing not only insight into thyroid development of
diseases but may offer diagnostic and therapeutic potential in thyroid cancer.

Objective: To describe the molecular aspects of thyroid cancer reported in international scientific literature,
as well as their indications and epidemiological impact, through a descriptive bibliographical review.
Method: Articles were searched in the EMBASE, and PubMed/Medline databases. Inclusion criteria were:
publication between 1985 and 2012; keywords “molecular” AND “markers” AND “thyroid” AND “cancer”.
With these documents in hands, an analytical reading was done and the papers organized by themes.
Results: Out of the 609 documents found, 85 were selected to present information on several molecular,
epidemiological, and practices-related aspects of thyroid cancer. Articles were assessed and classified accord-
ing to predetermined categories, especially number and types of markers analyzed. Among the most relevant
information, we can mention the indications for use of molecular markers in thyroid cancer, which are found
in more than 70 % of papillary and follicular thyroid carcinomas. The use of these markers will probably
improve the diagnosis of malignancy in thyroid nodules and it may also allow individualization of surgical
therapy and postoperative management.

Conclusion: This study shows the importance of knowledge of molecular aspects of thyroid cancer, which
allows identification of the correlation between specific mutations and phenotypic characteristics of thyroid
cancer, which is essential for its prognosis. Rev Argent Endocrinol Metab 50:84-98, 2013
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RESUMEN

Los avances en biologia molecular de la tiroides no solo proporcionan una visién sobre el desarrollo de la
enfermedad de la tiroides, sino que ademads pueden ofrecer posibilidades diagnésticas y terapéuticas para el
cancer de tiroides.

Objetivo: Describir los aspectos moleculares del cancer de tiroides presentados en la literatura cientifica
internacional, asi como sus indicaciones y el impacto epidemiolégico, a través de una revision bibliografica
descriptiva.

Método: Se buscaron articulos en las bases de datos EMBASE y PubMed / Medline. Los criterios de inclusiéon
fueron: publicacién entre 1985 y 2012; palabras clave “molecular” + “marcadores” + “tiroides” + “cancer”.
Con estos documentos en mano, se realiz6 una lectura analitica y se organizaron los trabajos por temas.
Resultados: De los 609 articulos encontrados, 85 fueron seleccionados para presentar informacién sobre
los aspectos moleculares, epidemiolégicos y de practicas de cancer de tiroides. Los articulos fueron evaluados
y clasificados de acuerdo con categorias predefinidas, especialmente el nimero y los tipos de marcadores
analizados. Entre la informaciéon mas relevante, cabe mencionar las indicaciones de uso de los marcadores
moleculares en el cancer de tiroides, que se encuentran en mas del 70 % de los carcinomas papilar y folicu-
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lar de la tiroides. El empleo de estos marcadores probablemente mejore el diagnéstico de malignidad en los
nédulos tiroideos, y quizas permita individualizar el tratamiento quirdrgico y el seguimiento posoperatorio.
Conclusion: Este estudio muestra la importancia del conocimiento de aspectos moleculares del cancer de
tiroides, que permite la identificacion de la correlacién entre las mutaciones especificas y las caracteristicas
fenotipicas del cancer de tiroides, esencial para su prondstico. Rev Argent Endocrinol Metab 50:84-98, 2013

Los autores declaran no poseer conflictos de interés.
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1. INTRODUCTION

In the last decades, we have seen major develop-
ments in molecular biology and genetics, and the
accumulation of new data offers the promise of im-
portant future clinical applications. The advances
in thyroid molecular biology studies are providing
not only insight into thyroid development of the
diseases but too may offer an accurate diagnosis,
and therapeutic potential in the thyroid cancer?.

One of the most important objectives of genetic
markers of thyroid cancer is nable accurate diag-
nosis, the possible identification of individuals at
greatest risk in order to allow better management
and prognosis.

Thyroid cancer is the most prevailing endo-
crine malignancy, and its incidence presents a
growing tendency during the last decades in the
all world. The thyroid gland presents a wide
spectrum of tumors derived from follicular cells
that range from well differentiated, papillary
and follicular carcinoma, usually carrying a good
prognosis, to the clinically aggressive, poorly
differentiated and undifferentiated thyroid car-
cinoma. The genetic predisposition to thyroid
cancer appears to consist of a variety of genetic
mutations of low to moderate penetrance genes,
interacting with each other and with the envi-
ronment. In thyroid cancer there is a dramatic
difference in the incidence, aggressiveness, and
death rate by gender, given that the thyroid
cancer is 2-4 times more frequent in women
than men, and the molecular basis for gender
disparity is poorly understood®.

The carcinogen markers in thyroid gland are
found in more than 70 % of papillary and follicu-
lar thyroid carcinomas, and will likely improve
the diagnosis of malignancy in thyroid nodules
as well as treatment individualized surgical, and
postoperative appropriate follow-up.

The goal of paper was to conduct a descriptive
bibliographical review addressing the molecular
aspects of thyroid cancer, emphasizing the impor-

tance of the new molecular biology techniques in
diagnosis, and prognosis of thyroid cancer.

2. METHOD
2.1. Sample delimitation

The following international journal databases
were reviewed: EMBASE and PubMed/Medline.
Selection of these databases was based on the
wide range of journals covered by each of them
and our goal was to provide an overview of the
scientific production devoted to the topic over the
timeframe under analysis. The following inclusion
criteria were considered during the review: articles
published between January 1985 and July 2012;
use of the keywords “molecular” AND “markers”
AND “thyroid” AND “cancer” entered into the ad-
vanced search form; and availability of an abstract
in English. Articles were assessed and classified
according to predetermined categories, especially
types of markers analyzed. With these documents
in hands, an analytical reading was done and the
papers organized by themes.

3. RESULTS AND DISCUSSION

Out of the 609 documents found, 85 studies were
selected due they contained information about
the several molecular biology aspects of thyroid
cancer.

3.1. Thyroid cancer

Thyroid cancer is one of the most common malig-
nancies neoplasm of the endocrine system with
incidence rates of 4 and 12 per 100,000 in men
and women, respectively, making it the eighth
most commonly diagnosed neoplasm in 2010, and
representing less than 1 % of all human malignant
neoplasm. Despite of increase in its incidence of
thyroid cancer, the mortality has not increased in
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equal measure. The mortality are two times higher
in female subjects®®.

Majority of thyroid carcinomas are derived of
follicular cells, and are classified as well differen-
tiated, poorly differentiated and undifferentiated
thyroid carcinoma. The diagnosis of thyroid cancer
is made on the basis of a biopsy of a thyroid nodule
or after the nodule removal by surgery. According
to the histological features the thyroid cancers
are divided into papillary carcinoma, follicular
carcinoma, medullary thyroid carcinoma (origi-
nate from parafolicullar cells), anaplastic thyroid
carcinoma (derived from follicular epithelial cells),
primary lymphoma of the thyroid, and primary
sarcoma of the thyroid®. Mutations and epigenetic
alterations in poorly differentiated and undifferen-
tiated thyroid carcinoma are far from being totally
clarified. Whereas that poorly differentiated and
undifferentiated thyroid carcinoma may derive
from well differentiated thyroid carcinomas, it
is expected that some poorly differentiated and
undifferentiated thyroid carcinomas would target
genetic alterations that are typical of papillary and
follicular carcinoma.

The papillary carcinoma represent 80 % of
all thyroid malignancies, followed by follicular
carcinoma that represents approximately 15 %,
medullary thyroid 3 %, and anaplastic thyroid
carcinoma 2 % carcinoma of cases, while primary
lymphoma of the thyroid, and primary sarcoma of
the thyroid are very rare®?.

Several factors influence the etiology of cancer
thyroid drawing attention the genetic aspects and
environmental factors interaction in individuals
at risk. The main risk factors for thyroid cancer
are: gender and age; geographic and ethnic vari-
ability; environmental factors emphasizing previ-
ous exposure to ionizing radiation, age at the time
of irradiation, previous history of benign thyroid
disease, iodine in the food, body mass index, and
hormonal factors. Genetic factors are also included
emphasizing: familial history and associated dis-
eases such as familial polyposis of colon, Cowden’s
disease, and Carney’s complex; genetic alterations,
detected by molecular biology studies mainly the
activation of oncogenes such as serine/threonine-
kinase B-type Raf kinase (BRAF), rat sarcoma
viral oncogene (RAS), rearranged during trans-
fection (RET), and neurotrophic tyrosine kinase
receptor type I (NTRK1), the silencing of tumor
suppressor genes such as phosphatase and tensin
homologue deleted on chromosome ten (PTEN),
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and the tumor protein p53 gene (TP53), that will
be discussed later®.

Clinically unrecognized thyroid cancer has been
seen in 4-35.6 % of autopsies, which is far greater
than prevalence of diagnosed cancer . The major-
ity of thyroid cancer diagnosis is incidental, and
rise in your incidence it’s influenced by diagnostic
technology and medical surveillance practices. Af-
ter the discovery of a thyroid nodule by palpation
or incidentally by imaging method the diagnosis of
thyroid cancer is made on the basis of a biopsy by
fine needle aspiration or after the nodule removal
by surgery?.

Generally, treatments include: surgery, radioac-
tive iodine treatment, thyroid hormone suppres-
sion therapy"V.

Individuals with progressive differentiated
thyroid cancer that are not responsive to standard
treatment require additional therapy. The neck
dissection, external beam radiation, and chemo-
therapy should be considered in the setting of
metastatic disease especially if cancer threatens
vital neck structures'?.

Several kinase inhibitors, especially those tar-
geting vascular endothelial growth factor receptors
(VEGFR) and/or RET have already demonstrated
promising activity in differentiated and medullary
thyroid cancers. Recently new pharmacological
agents (Axitinib, Motesanib Diphosphate, Pazo-
panib, Sorafenib, Sunitinib, Thalidomide, and
Lenalidomide) for the treatment of advanced
thyroid cancer have emerged, whose mechanism
of action would be block constitutive activation of
the mitogen-activated protein kinase (MAPK) and/
or phosphatidylinositol-3-kinase (PI3K) pathway
and VEGFR"?.

Tools such as molecular genetics to detect
the aggressiveness of the cancer, can aid the
recommendation of most appropriate therapy.
However, the surgery remains the appropriate
treatment, with later judicious use of radioac-
tive iodine.

3.2. Molecular biology in thyroid cancer

During the last decade great progress has been
made for a better comprehension of thyroid car-
cinogenesis. The molecular markers for thyroid
cancer diagnosis have been an investigative focus
what likely can lead to improvements in the diag-
nostic, as well as provide more accurate prognostic
information in pre- and postoperatively.
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Various molecular mutational alterations
have been discovered in thyroid cancer in the
last years, emphasizing by example BRAF and
RAS genes (KRAS, HRAS, NRAS) as well as RET-
PTC and receptor tyrosine kinases (TRK) rear-
rangements, all of which are able to activate the
MAPK pathway are found in papillary thyroid
carcinoma (PTC), and RAS mutations or paired
box gene 8-peroxisome proliferator/activated
receptor gamma (PAX8-PPARYy) rearrangement
are identified in follicular carcinomas. The lipid
kinase phosphatidylinositol-3-kinase (PI3K/
AKT) signaling pathway occurs in higher preva-
lence in less differentiated thyroid carcinomas.
Additional mutations involve the TP53 and
catenin § 1 (CTNNB1) genes occur in poorly
differentiated and anaplastic carcinomas, and
point mutations located in the RET gene occur
in medullary thyroid carcinomas, both familiar
and sporadic. Some of the markers including
galectin-3, Hector Battifora Mesothelial cell
(HBME-1), human telomerase reverse transcrip-
tase (WTERT), telomerase, microRNA, and mi-
croarray and multigene assays have shown great
promise as an adjunct to lesions with cellular
atypia, suspicious cytology, and demonstrating
a follicular pattern+1%).

The major molecular alterations known in thy-
roid cancer are being introduced into pathology
practice, although no one marker has proven to be
a panacea. However, the use of molecular markers
is expected to improve significantly the accuracy
of cancer diagnosis and allow more individualized
surgical and postsurgical management of patients
with thyroid cancer.

3.3. Molecular mechanisms of thyroid cancer
3.3.1. Model of thyroid cancer

Two theories have been described in thyroid
cancer pathogenesis, the fetal cell carcinogenesis
theory and the more common, multistep carci-
nogenesis theory. The multistep carcinogenesis
theory is now the accepted model in many hu-
man cancers, including thyroid cancer. The early
events of tumor formation are the consequence of
activation of either various growth factors or the
proto-oncogenes. This results in the formation of
differentiated thyroid cancers like the papillary,
follicular or Hurthle cell cancers, and anaplast
carcinoma®? (Figure 1).
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Figure 1. Multi-step model of thyroid cancer.

The molecular genetic basis of thyroid carcino-
genesis is not well understood. Mouse models have
contributed to elucidate thyroid tumorigenesis
and provide tools to develop novel diagnostic ap-
proaches and therapies. There are three general
approaches for inducing tumorigenesis: carcino-
genic compounds, implantation of tumor cells
via a subcutaneous or orthtotopic route in immu-
nocompromised mice, or genetically engineered
models®2V,

Over the past decade, genetically engineered
mouse models of thyroid cancer facilitate analy-
sis of the roles of specific genetic mutations in
thyroid tumorigenesis. Mouse models, as previ-
ously mentioned, have consistently shown that
RET-PTC rearrangements can initiate thyroid
carcinogenesis®. Several molecular forms have
been identified that differ according to the 5~
partner gene involved in the rearrangement,
with RET-PTC1 and RET-PTC3 being the most
common. Transgenic RET-PTC3 mice develop
PTC, similar to the human solid variant of
PTC. Likewise, FVB/N strain transgenic mice
expressing thyroid-targeted RET-PTC1 tyrosine
kinase consistently developed bilateral PTC with
similar histopathologic features to the human
disease®?. However, RET-PTC mouse models
have expanded our ability to understand the
initiators of PTC®%,

A genetically engineered mouse model of follicu-
lar thyroid carcinoma was created by introduction
of a dominant-negative mutation, although this
mouse model offers a reasonably good recapitula-
tion of human follicular carcinoma arising from
hyperplastic goiter, it differs in that these mice
have elevated circulating thyroid hormones levels
due to production by the tumor cells, while human
follicular thyroid carcinomas are infrequently
functional®.
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Experimentally, anaplastic thyroid carcinomas
were developed in transgenic mice Tg-SV40 LT,
however few survived long enough to develop
metastases, while invasion of the trachea led to
dyspnea and death in 90 % with 22 weeks of age®®.

Experimental studies in transgenic mice from a
single CGRP-RETC634R model of medullary carci-
noma, developed papillary carcinomas, which were
interpreted as evidence that activated RET can
transform thyroid follicular cells in addition to C
cells, highlighting the role of modifier genes in dis-
ease phenotype whose results can be unexpected®”.
Thus, it was demonstrated that the mutation of
the RET proto-oncogene can lead to constitutive
activation in neuroendocrine cells, such as thyroid
C cells, leading to medullary thyroid carcinoma
and/or the MEN syndromes in humans.

One clinical question that may be addressed
by mouse models is how much thyrotropin (T'SH)
contributes to limiting aggressive thyroid cancer
progression, because higher TSH levels also led to
increased oncogene expression which is not similar
to human papillary thyroid cancer. Molecular stud-
ies in this direction are under way?®.

Therefore, mouse models of thyroid cancer
are important not only to elucidate thyroid car-
cinogenesis, as also as for developing therapeutic
interventions.

3.3.2. Signaling pathways in thyroid cancer

Mitogenic signaling pathways have been described
in the thyroid cells, which are influenced by vari-
ous stimulatory and inhibitory hormones, growth
factors and neurotransmitters. At a molecular
level, the signaling pathway plays a critical role
in thyroid cancer development and progression.
The main signaling pathways involved in thy-
roid carcinogenesis are the MAPK and PISK-AKT
pathways however several other signaling path-
ways are currently being tested for thyroid mo-
lecular signaling and cancer cell biology (Figure 2).
The MAPK cascade is a classical conserved
intracellular signaling pathway involved in the
regulation of cellular proliferation, differentiation,
apoptosis and survival. Constitutive activation
and deregulation of this pathway has been found
in numerous human malignancies. Evidence of
MAPK activation is most compelling in thyroid
cancer development. The activation of MAPK
signaling pathway in the thyroid cancer is initi-
ated by growth factor binding to receptor tyrosine
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Figure 2. Main signaling pathways involved in thyroid car-
cinogenesis.

kinases that dimerize and the result this activation
is propagated by autophosphorylation of tyrosine
residues in the intracellular compartment®®. The
MAPK signaling pathways play an important role
in transmission of cell signals through transduc-
tion systems to cell nucleus, where they influence
the expression of genes that regulate important
cellular processes including cell growth, prolifera-
tion, apoptosis, and differentiation, already men-
tioned above. The MAPK pathway seems to play
an important role in thyroid cancer being activated
by genetic events involving RAS and BRAF©?,

The PI3K are a family of related intracellular
signal transducer enzymes capable of phosphory-
lating the inositol ring of phosphatidylinositol.
While the AKT protein family plays an important
role in mammalian cellular signaling. The forma-
tion of PISBK/AKT pathway is fundamental in regu-
lating cell growth, proliferation, and survival®?.

Genetic alterations involving the PI3K/AKT
signaling pathway occurs in thyroid tumors, es-
pecially in less differentiated thyroid carcinomas,
are rare in well-differentiated thyroid cancer®?.

Therefore, determining of regulatory pathways
in thyroid cancer progression at primary and meta-
static sites, apart from signaling pathways quoted,
represents a challenge important, and Identify key
mechanisms of cancer progression remains a key
goal in advancing therapeutic options for patients
with thyroid cancer.

3.4. Molecular diagnostics of thyroid cancer

Molecular diagnostics is method that captures
genomic and proteomic expression patterns and
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uses the information to distinguish between nor-
mal, precancerous, and cancerous tissues at the
molecular level.

The detection of mutations and other diagnostic
markers in thyroid cancer must be by to those labo-
ratory techniques that provide highly accurate, re-
producible, and clinically relevant information and
the molecular techniques currently contribute to
the diagnosis. The expression of certain oncogenes
is related to thyroid carcinogenesis and tumor pro-
gression. Molecular studies performed in the last
years, implemented by new methodologies, have
elucidated in part the molecular mechanisms un-
derlying thyroid cancer. The application of molecu-
lar methods has led to the development of highly
sensitive markers for the diagnosis of new cases
of thyroid cancer, in the evaluation of patients for
recurrent disease, also to determining prognosis,
and for early detection of residual and recurrent
disease in postoperative follow-up of patients. For
these reasons, the application of molecular analysis
to better characterize the thyroid nodule has been
an area of intense interest for studies.

The main molecular markers of thyroid can-
cer are mainly represented by the activation of
oncogenes such as BRAF, RAS, NTRK1 and the
silencing of tumor suppressor genes such as PTEN
and TP53, PISK/AKT, CTNNB1, RET-PTC and
PAX8-PPARy, besides mutation in the thyrotro-
pin receptor (TSHR). Based upon several studies,
molecular markers can potentially improve the
diagnostic accuracy of thyroid cancer, as will be
described hereinafter.

3.4.1. MicroRNAs and thyroid cancer

MicroRNAs is a class of endogenous small noncod-
ing RNA molecules that regulate gene expression,
and play a significant role in regulate major pro-
cesses, such as cell differentiation, proliferation/
growth, mobility and apoptosis in diverse cancer-
related biological processes. Current data support
its use as a diagnostic tool of highly accurate and
prognosis definition for thyroid cancer®. The
thyroid carcinomas are characterized by aberrant
expression of microRNAs, which are non-coding
RNAs of 20-24 nucleotides in length evolutionarily
conserved and control gene expression at the post-
transcriptional level®®. Currently, several studies
identified microRNA signatures in thyroid carci-
nomas for to evaluate how they modulate thyroid
cancer progression.
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Microarray profiling is a technique that has
been used to systematically detect the differential
expression of microRNAs in cancer and control
samples, but different melting temperatures of
short-length microRNAs and the high sequence
consistency between microRNA family members
can lead to false positive microarray results®®.

The microRNA deregulation plays role impor-
tant in thyroid cancer development. The role of
microRNAs in papillary thyroid carcinoma were
analyzed in some studies coming to the conclusion
that the upregulation of five specific microRNAs,
particularly miR-146b, miR-221, and miR-222, and
the subsequent downregulation of KIT receptor
seem to be involved in papillary thyroid carcinoma
pathogenesis, and sequence changes in microRNA
target genes can contribute to their regulation®.

There are few studies evaluating the role of
microRNAs in follicular thyroid carcinoma, where
were investigated if microRNAs are differentially
expressed between human follicular thyroid carci-
nomas and follicular adenomas testing two high-
density microRNA expression arrays®®. Another
study compared microRNA expression profiles
of principal types of thyroid cancers, showing
that miR-155, miR-187, miR-221, miR-222, and
miR-224 resulted in being highly over expressed
in conventional follicular thyroid carcinoma and,
miR-183, miR-187, miR-197, miR-221, miR-222,
while miR-339 were over expressed in the follicular
thyroid carcinoma oncocytic variants®?.

Few studies have analyzed the role of microR-
NAs in anaplastic thyroid carcinoma. It was
analyzed the miRNA expression of anaplastic
thyroid carcinoma using a micrRNA microarray
chip, finding a significant down-expression of
miR-26a, miR-30a-5p, miR-30d, and miR-125b in
anaplastic thyroid carcinoma compared to normal
thyroid samples®®. More recently, was identified
two miRNAs, miR-30 and miR-200, which were
significantly down-expressed in anaplastic thy-
roid carcinoma suggesting that miR-200 as a key
factor of the epithelial phenotype in cancer cells
that could be used as therapeutic agent to reduce
the rates of invasive and metastatic thyroid car-
cinomas®,

Only one study anlyzed the role of microR-
NAs in medullary thyroid carcinoma, finding 10
specific microRNAs (miR-9, miR-10a, miR-124a,
miR-127, miR-129, miR-137, miR-154, miR-224,
miR-323, and miR-370) upregulated in this tumor
type®?.
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Moreover, microRNAs are possible targets for a
therapy of cancer by positively modulation of the
expression of specific microRNAs using expression
vectors and/or inhibiting microRNA expression by
transfecting specific .

3.4.2. Molecular markers of thyroid cancer

+ RET-PTC: The RET proto-oncogene, located on
chromosome 10q11.2, encodes a membrane recep-
tor of extracellular domain with a tyrosine kinase
activity. RET exhibits an oncogenic potential and
plays a important role in thyroid human cancers.
In PTC, genomic rearrangements juxtapose the
RET kinase and COOH-terminus encoding do-
mains (exons 11-21) to unrelated genes, thereby
creating dominantly transforming oncogenes
called RET/PTC“?,

RET-PTC oncogenes are believed to play an
important role in the pathogenesis of a significant
subset of PTC, in particular those arising after
radiation exposure, and in pediatric cancers “V.
There at least 15 different RET-PTC rearrange-
ments, the most of rearrangements do not seem
to have an important role in the pathogenesis of
PTC, however the RET-PTC1 and RET-PTC3 are
the most common ones. RET-PTC1 is formed by
fusion with the H4 gene, and RET-PTC3 by fusion
with the ELE1 gene®4?,

RET-PTC is involved in the pathogenesis of
thyroid cancer through of the activation of this
oncogene at early stages of tumor development,
thyroid specific everexpression of either RET-
PTC1 or RET-PTC3 in transgenic mice model
indicating that these oncoproteins can recreate
the PTC, ionizing radiation results in expression
of RET-PTC in short time, suggesting a direct role
for radiation in the illegitimate recombination of
RET, and direct double-strand DNA breakage re-
sulting in illegitimate reciprocal recombination“?.
RET-PTC rearrangement was described in thyroid
tumours associated with radiation exposure this
was observed in the contaminated areas after
Chernobyl explosion with a higher prevalence of
RET-PTC1“%,

The different types of RET-PTC chromosomal
rearrangements, between the 3’ portion of the
RET gene and the 5’ portion of an unrelated
gene produce an aberrant RET-PTC protein with
ligand-independent activation of its intracellular
tyrosine kinase domain. This phenomenon has
been frequently described in small PTC and can
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to be an early event in thyroid tumorigenesis. The
variant aggressive PTC subtype, is closely associ-
ated with the RET-PTC3 oncogene, whereas the
classic variant is associated with RET-PTC1424%,

RET/PTC rearrangements have so far been
identified only in thyroid lesions, and in particular
in PTC. Most studies show that RET-PTC rear-
rangements are rare or absent in benign follicular
adenomas, and absent in follicular and medullary
carcinomas. Somatic rearrangements of the RET
proto-oncogene have been detected in 3-60 % of
sporadic PTC. The prevalence of RET-PTC in
PTC varies significantly in different studies, in
most series with sporadic PTC, RET-PTC1 is the
most common type, comprising up to 60-70 % of
the rearrangements, whereas RET-PTC3 accounts
for 20-30 %“9.

RET-PTC oncogene relationship with radiation
exposure has been established, the chromosomal
basis for its activation has been clarified trans-
forming and signaling properties have been char-
acterized in the thyroid cancer.

- NTRKI1: The NTRKI1 proto-oncogene is locat-
ed on the ¢ arm of chromosome 1 and encodes the
high affinity transmembrane receptor for nerve
growth factor. Constitutive activation of NTRK1
has been detected in several tumors types. The
fusion of the NTRK1 TK domain to 5’ sequences
with at least three different genes (TPM3 gene,
TPR gene and TFG gene), leads to oncogenic
activation of NTRK1. Somatic rearrangements of
NTRKI, producing chimeric oncogenes (activated
version of the proto-oncogene was generated by a
somatic intrachromosomal rearrangement fusing
the tyrosine kinase domain of NTRK1 with 5¢
sequences of the non-muscular tropomyosin gene)
with constitutive tyrosine kinase activity, has been
frequently found in a consistent fraction of PTC“?.
However, PTC arising in patients with a history
of exposure to elevated levels of ionizing irradia-
tion do not carry these known abnormalities. In
the same way NTRK1 rearrangements are rare in
cases of sporadic papillary thyroid carcinomas“®. It
was observed that the frequency of NTRK1 rear-
rangements in post-Chernobyl papillary thyroid
tumors is equivalent to that of sporadic tumors“?.

The detection of NTRK1 rearrangements in
papillary thyroid carcinomas and observation
that thyroid targeted expression of the rearranged
NTRK1 chimeric protein (TRKT1) in transgenic
mice leads to the development of papillary thyroid
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carcinomas, showing the involvement of NTRK1
and of p75 in the etiopathogenesis of papillary
thyroid carcinomas®?.

Study carried out to characterize the sequence
of the genomic regions involved in the NTRK1
activating rearrangements, showed that the dif-
ferent breakpoints occurred in intronic regions of
genes, with presence of some recombinogenic ele-
ments including palindromes, direct and inverted
repeats and Alu sequences®?.

The somatic rearrangements of the NTRK1
gene in papillary thyroid carcinomas has frequency
does that not exceeds 12 %. However, studies Ital-
ian showed a frequency of NTRK1 activation in
spontaneous papillary thyroid carcinomas ranging
from 15 to 25 %, whereas French and Japanese
studies the frequency was less than 5 %. This dif-
ference may be the consequence of geographical
factors“9?,

Therefore, rearrangements of NTRK1 provide
a useful model for studying the molecular basis of
thyroid carcinogenesis, although occurring less
frequently that other oncogenes.

« PTEN: The PTEN was identified in 1997 as
a tumor-suppressor gene located on 10¢23.3, is
a member of the protein tyrosine phosphatase
family and, following activating mutations or
amplifications of the genes encoding the effectors
proteins of PISK/AKT pathway, inhibits PI3K
signaling, thereby reducing the level of activated
AKT. Structurally, PTEN protein is composed of
an N-terminal dual specificity phosphatase-like
enzyme domain and a C-terminal regulatory do-
main, which binds to phospholipid membranes ©2.
The dysregulation of PI3K/AKT signaling pathway
contributes for many cancers in man with action
antiapoptotic. Recent findings have demonstrated
that PTEN also plays a critical role in DNA dam-
age repair and DNA damage response ©*. The
importance of PTEN catalytic activity in its tumor
suppressor function is underscored by fact that the
majority of PTEN missense mutations detected in
tumor specimens target the phosphatase domain
and, cause a loss in PTEN phosphatase activity.
These data suggest that genetic loss of PTEN is
sufficient to induce thyroid cancer in vivo.

The role of PTEN as a tumor suppressor gene
has been well established in thyroid cancer, and
3 %-10 % of individuals with differentiated thyroid
cancer are carrying a germ line PTEN mutation,
whereas mutations or deletions in PTEN are rare
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events in sporadic thyroid cancer®. Perhaps the
strongest evidence supporting a role for PI3K
signaling in the development of thyroid cancer
is Cowden syndrome, where the thyroid cancer
can be identified in approximately two-thirds of
affected individuals for this syndrome®®.

In this way, the oncogenic power of loss of
PTEN seems to lie in its cooperation with genetic
alterations of the PISK/AKT pathway in the tu-
morigenesis of thyroid cancer.

- TP53: The TP53 gene is located on chromo-
some 17p13.1 and consist of 11 exons, coding for a
nuclear phosphoprotein which can bind to specific
DNA sequences, and acts as a transcription factor.
The TP53 is recognized as a tumor-suppressor
gene because it encodes protein p53 participat-
ing in the processes of cell-cycle arrest in the G1
phase of the cell cycle via DNA repair, and also in
apoptosis®?. Inactivation of TP53 in immortalised
cells results in a marked instability of chromosome
structure, including translocations, deletions, telo-
meric associations, and ring chromosomes®®. The
TP53 gene is frequently affected by loss of alleles
and by point mutations in almost all cancers. A
principle of this function for cancer progression is
provided by the fact that mice without functional
TP53 gene breed and develop (almost) normally
but die at an early age from multiple cancers®®.
Over 20,000 alterations in TP53 have been dis-
covered in human tumors, and the role of TP53
in cancer has been studied, and the presence of
a TP53 mutation may be predictive of the tumor
response to treatment and patient survival®”.

The loss of function mutation of TP53 induces
genomic instability, owing to weakened DNA repair
systems, and subsequent cancer progression. Muta-
tions in TP53 are recognized as late genetic events
associated with dedifferentiation from a papillary
carcinoma, and are one of the types of molecular
change responsible for the highly aggressive course
of undifferentiated carcinomas. The TP53 muta-
tion occurs in approximately 17-38 % of poorly
differentiated thyroid carcinoma and 67-88 % of
undifferentiated thyroid carcinoma versus 0-9 %
of well-differentiated thyroid carcinoma, mostly
involving the exons five to eight of the gene®?.
Studies has demonstrated which the recovery of the
expression of TP53 in anaplastic thyroid carcinoma
cultured cells would reduce the rate of proliferation
by inactivating point mutations, making the en-
coded protein unable to enter the cellular nucleus.
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About half of patients with anaplastic cancer have
a previous or coexistent differentiated thyroid carci-
noma, with evidence of dedifferentiation from more
differentiated tumors often associated with loss of
the TP53 tumor suppressor protein®?,

Therefore, TP53 encoding p53 plays a central
role in the response to DNA damage through its
ability to activate DNA repair, arrest cell cycle
progression or induce apoptosis, and thus controls
the genomic stability an important factor to avoid
malignant transformation of cells.

« PIBK/AKT' There are several classes of PI3Ks,
among which class I is the best characterized and
most important in human tumorigenesis. The
PI3K is a lipid kinase what generates a messen-
ger essential for the translocation of AKT to the
plasma membrane. Akt is a Ser/Thr kinase and
three types of its isoforms are found in human tis-
sues AKT-1, AKT-2, and AKT-3, being that AKT-1,
and AKT-2 are the most abundant and important
in thyroid cancer. Activation of AKT plays a pivotal
role fundamental in cellular functions such as cell
proliferation and survival by phosphorylating a
variety of substrates. The PISK/AKT signaling
pathway PISK/AKT play an important role in
transmission of cell signals through transduction
systems to cell nucleus, where they influence
the expression of genes that regulate important
cellular processes: cell growth, proliferation and
apoptosis. Therefore, a major consequence of acti-
vating PISK/AKT signaling is the inhibition of cell
cycle inhibitors. Genetic and epigenetic alterna-
tions, concerning PISK/AKT signaling pathways,
contribute to their activation and interaction in
consequence of malignant cell transformation.
Thus, the alterations to the PISK/AKT signaling
pathway are frequent in human cancer®?.

The genetic alterations in the PI3K/AKT path-
way, represents major advance in understand-
ing the molecular mechanism of thyroid cancer.
Studies showed that the PIK3CA amplification
is associated with overexpression of the PIK3CA
protein and phosphorylation of AKT, suggesting
that this genetic alteration of the PIK3CA gene is
functional and represents a relevant mechanism
for the activation of the PISK/AKT pathway in
thyroid cancer®®. Other studies show that aber-
rant activation of the pathway plays a fundamen-
tal role in thyroid tumorigenesis, particularly in
follicular thyroid cancer and aggressive thyroid
cancer, such as anaplastic thyroid cancer®®.

RAEM 2013. Vol 50 @ N° 2

Genetic alternations involving the PISK/AKT
pathway has been found in thyroid cancers such
as anaplastic thyroid cancer and metastatic tumors
from radioactive iodine refractory papillary thyroid
cancer, particularly in the later stages of cancer
progression®. Genetic alterations involving the
PISK/AKT signaling pathway in thyroid tumors
are smaller in well-differentiated thyroid cancer
and have higher prevalence in less-differentiated
thyroid carcinomas. The PISK/AKT signaling
pathway alterations in thyroid cancer occurs in
approximately 7 % of follicular thyroid cancer, and
15 % of anaplastic thyroid carcinoma®.

+ CTNNBI (Catenin B-1): The CTNNBL1 is a
dominantly acting cancer gene located on chro-
mosome 3p22-p21.3 is composed of 16 exons, and
has two main functions in cell regulation - as a
cadherin-mediated adhesion regulator and as a
mediator of WNT/CTNNBI signaling.

The CTNNBL1 play a crucial role in carcino-
genesis, transcriptional targets of over-expressed
CTNNBI1 were observed in malignant neoplasm
but were absent in the case of benign thyroid tis-
sues. Mutation of the CTNNBI1 results in disrup-
tion of a large number of cellular functions that
may be important in various forms of carcinomas
development.

The CTNNBI1 exon 3 mutations and nuclear
catenin B-1 localization are found almost exclu-
sively in poorly differentiated and anaplastic car-
cinomas, were demonstrated frequently in 0-25 %
of poorly differentiated thyroid carcinomas and up
to 66 % of undifferentiated thyroid carcinomas,
but not in well-differentiated thyroid carcino-
mas. These observations indicate that CTNNB1
mutation contributes to progression towards
poorly differentiated or undifferentiated thyroid
carcinomas”.

It has been reported that CTNNBL1 is related
with the activation of the WNT-signaling path-
way. The name WNT is a portmanteau of Wg
and Int, which in turn are the abbreviations for
two homologous genes: Wg (Wingless) and Int
(Integration). The WNT-signaling pathway plays
a number of crucial roles in the development of
organism. Malfunctions of this pathway lead to
various diseases including cancer.

The WNT signaling in thyroid neoplasm is
primarily due to of CTNNB1 mutations. Aberrant
WNT/CTNNBLI signaling appears to be a distinc-
tive feature of anaplastic thyroid carcinoma since
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stabilizing mutations and/or aberrant CTNNB1
nuclear localization are present in 80 % of anaplas-
tic thyroid carcinoma. CTNNB1 nuclear localiza-
tion is accompanied by its cellular redistribution
with marked decrease of the CTNNB1 membrane
bound fraction®.

Activation of WN'T signaling involves the inhi-
bition of CTNNB1 degradation by proteasomes,
which leads to its accumulation in the nucleus.
Mutations in components that regulate CTNNB1
turnover lead to an excessive accumulation of
CTNNBLI in the nucleus. This nuclear accumula-
tion can result in an adequately high concentration
of CTNNBLI in the nucleus of tumor cells®®,

The reduction of CTNNBI1 bound to the cell sur-
face has been demonstrated in thyroid carcinoma,
the biological and clinical relevance of CTNNB1
dysregulation in thyroid neoplasia is primarily
unknown®?.

Therefore, CTNNB1 exon 3 mutations shows
interesting differences between poorly and un-
differentiated tumors, and can be a marker for
aggressive tumor phenotypes among neoplasms
of thyroid follicular cell derivation. Thus, the
analysis of CTNNBI1 expression or mutation
status may be very useful to objectively subtype
thyroid neoplasms and more accurately predict
diagnosis.

+ PAX8-PPARYy: The fusion of the PAX8 gene
with the PPARy gene arises of t(2;3)(q13;p25)
translocation, where the fusing the 5’ portion of
the thyroid-specific transcription factor gene PAX8
in frame with the entire translated reading frame
of the PPARy nuclear receptor gene, resulting
in strong overexpression of the chimeric PAXS8-
PPARy protein “?,

The pathogenesis by which PAX8-PPARy causes
follicular thyroid tumor is not definite clearly.
Opinions differ as to how the fusion product PAXS8-
PPARy is oncogenic. The initial mechanism prob-
able would that the fusion protein can function asa
dominant-negative suppressor of PPARy-induced
gene transcription which confers anti-apoptotic
properties, and that the fusion protein would
retain at least some functional properties of its
individual components®. Other mechanism would
that the fusion product can disruptor PAX8 tran-
scriptional activity resulting in deregulation of
expression of its target thyroid-specific genes such
as thyroglobulin, thyroperoxidase, and sodium-
iodide symporter, where transcriptional activa-
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tion of target genes by recruiting transcriptional
coactivators to cognate DNA-binding sites in a
ligand- dependant manner. A third mechanism
would be activation of genes not related either to
the wild-type PPARYy or to the PAX8 pathways®”.

PAX8-PPARy rearrangement has been found in
30 % to 40 % of follicular carcinomas, in 2 %-13 %
of follicular adenomas, and with lower prevalence
in oncocytic carcinomas suggesting these injuries
to be in situ forms of follicular carcinomas“?.
PAXS8-PPARy has been found in the follicular
variant of papillary carcinoma, with a reported
prevalence as high of 38 %, although in most
populations, the prevalence of PAX8-PPARy in
this tumor type is much lower, probably less than
5 %, and its prevalence in childhood is observed
in about one-fifth of patients™.

Tumors expressing PAX8/PPARc rearrange-
ments occur at a younger age and are small in
size with a solid growth pattern or nests and more
frequently have vascular invasion“>™,

Ultimately, PAX8-PPARy accelerates cell
growth, reduces rates of apoptosis and permits
anchorage independent and contact uninhibited
growth of a thyroid cell line.

« RAS: The RAS mutations are common in
thyroid cancer, however, the incidence of RAS mu-
tations in thyroid tumors and their frequency in
specific histologic types varies widely in different
series. The RAS mutations appear to be associated
with aggressive tumors and point mutations which
have been identified and have been localized in
codon 12, 13 or 61 of three RAS genes (H-RAS,
N-RAS and K-RAS), with mutations of N-RAS and
H-RAS at codon 61 and of K-RAS at codon 12/13
being the most common™®. The 3 members of the
RAS gene family (H-RAS, N-RAS, AND K-RAS)
were identified more 25 years ago because of their
frequent oncogenic activation in human tumors.
Constitutive activation of H-RS, N-RAS, and K-
RAS mutations has been reported as markers
for aggressive thyroid cancer behavior. However,
some studies have shown a similar prevalence of
RAS mutations in benign and malignant thyroid
neoplasm, suggesting that RAS activation may
represent an early event™. The RAS signaling
through downstream ERK and AKT pathways
stimulate epithelial to mesenchymal transition
in various cells"®. These data suggest that RAS is
involved in both thyroid tumor formation and in
thyroid cancer progression.
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The RAS proteins exist in an inactive form that is
bound to guanosine diphosphate and an active form
that exhibits guanosine triphosphatase activity. The
RAS transmits signals originating from tyrosine
kinase membrane receptors to a cascade of MAPK,
activating the transcription of target genes involved
in cell proliferation, survival, and apoptosis™.

The RAS mutation occurs in approximately
10-20 % of papillary cancers, 25-30 % of poorly dif-
ferentiated carcinoma, and 40-50 % of anaplastic
carcinoma and 40-50 % of follicular carcinoma“?.

Therefore, the RAS family oncogenes are im-
portant regulators of cell growth and have a role
in thyroid tumor differentiation.

« BRAF': The BRAF is located on chromosome
7924 and encodes a serine-threonine kinase,
playing a critical role in cell signaling and are de-
pendent of the MAPK signaling pathway, and has
been implicated in human cancers, which occurs
in approximately 40-45 % of papillary cancers,
10-15 % of poorly differentiated carcinoma, and
20-30 % of anaplastic carcinoma“?. Thus it, BRAF
has occupied a central role in thyroid cancer patho-
genesis since the original identification of BRAF
mutations in papillary and anaplastic thyroid
cancer. Activated versions of BRAF can also be gen-
erated by intrachromosomal inversions that fuse
the kinase domain of BRAF to the NH2-terminal
portion of AKAP9, resulting in BRAF-AKAP fusion
proteins are similar in structure to the RET/papil-
lary thyroid cancer fusion proteins, and are found
in about 11 % of patients whose thyroid cancers
are thought to be caused by the Chernobyl nuclear
power station disaster in 19867

Moreover, it is known that BRAF mutations are
associated with impaired iodine trapping through
the sodium iodine symporter, decreased thyroid
hormone synthesis and increased T'SH in vivo®©?.
A BRAF point mutation at codon 600 results in a
valine to glutamate (V600E) has in consequence
the activation of BRAFV6E resulting in a continu-
ous phosphorylation of MAPK pathway effectors,
and the BRAFV®E mutation is the most common
genetic alteration found in thyroid cancer”. Oth-
ers rare activating mutations of BRAF described
in 1 % to 2 % of papillary carcinomas are the
K601E point mutation, small in-frame insertion or
deletion surrounding codon 600 and determining
a lysine-glutamic substitution, and the AKAP9-
BRAF rearrangement that is associated with
previous radiation exposure!™.
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BRAFV5°E mutation may serve as a prognostic
marker for papillary thyroid carcinoma and has
been found to be how independent predictor of
treatment failure and with higher probability of
tumor recurrence, even in patients with low-stage
disease!™.

There is evidence that BRAF mutation testing
of thyroid carcinoma might improve the diagnosis,
prognostic stratification and treatment of these tu-
mors, however, studies still are needed to unravel
the etiologic factors in the formation of BRAF point
mutations in thyroid cancer. The BRAF mutation
is a prognostic marker, and can be detected pre-
operatively by fine-needle-aspirated cytological
materials, thereby improving risk stratification
and recurrence prediction of thyroid cancer and
distant metastasis™.

Studies to evaluate the utility of ultrasound-
guided fine-needle aspiration biopsy in the ad-
ditional contribution of BRAF V600E mutation
analysis in the detection of differentiated thyroid
cancer have been performed, and the results
shows a diagnostic sensitivity for thyroid cancer
significantly increased by BRAF V600E mutation
analysis, indicating that the screening for BRAF
mutation in fine-needle aspiration biopsy samples
has a relevant diagnostic potential .

« TSHR: The TSHR regulates thyroid growth
and differentiation at late developmental stages.
TSHR molecules in the membrane are quite stable
and signalling in the thyrocyte will be controlled
mainly through circulating TSH levels. The ma-
ture TSHR is encoded by a single gene with 10
exons. The protein contains 2 subunits, a large
ectodomain also called o subunit encoded by ex-
ons 1-8 and binds T'SH, and intracellular domain
encoded by exons 9-10 called B subunit that will
interact with G proteins to initiate signaling ©V.
Hence, excesses or defaults in TSHR activity may
play a role important in the onset, evolution, of
thyroid cancer by mechanisms that including im-
proper epigenetic marking of the gene, incorrect
transcriptional regulation or mutations in critical
domains.

The TSHR may be relevant in diagnosis in
thyroid cancer, because loss of TSHR expression
is a sign of de-differentiation that involves per-
turbation of several nuclear transcription factors,
and is believed to contribute to the malignant
phenotype. Mutations in the TSHR are unusual,
and have been detected in a small number of thy-
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roid carcinomas in hyperfunctioning autonomous
nodules, with a handful of those being autonomous
hyperfunctioning thyroid carcinomas®?. Thus,
the question of whether or not TSHR mutations
involved in the onset of thyroid cancers is contro-
versial. Distinct mutations in the TSHR gene have
been reported, but so far none of these mutations
appear to be related to the onset of thyroid cancer.
Reduced TSHR expression in thyroid cancers may
be secondary to ongoing de-differentiation, may
happen in parallel or may cause disappearance of
other differentiation markers®?.

The TSHR signalling for the onset and evolu-
tion of thyroid cancer is supported by experiments
with xenotransplanted cells of follicular thyroid
cancer cell line®. The TSHR coupling to G pro-
teins provides the opportunity for activation of the
PKA, PKC and PI3K pathways, but mutations in
G proteins hardly correlate with thyroid cancers,
and hot thyroid nodules with constitutively active
TSHR mutants®.

The expansion of knowledge about genetic
mutations occurring in different thyroid tumors
has been characterized recent years, allowing the
identification of a correlation between specific
mutations and phenotypic characteristics of thy-
roid cancers, essential for their prognosis. Specific
mutations can be reliably detected by newer tools
such as molecular techniques in thyroid tissue
samples that may aid clinicians in recommending
the most appropriate therapy.
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