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Abstract

Background: The tumor suppressor genes play a critical role in cellular and molecular mechanisms such as cell
cycle processes, cell differentiation and apoptosis. Aberrant DNA methylation of tumor suppressor genes and
subsequent gene expression changes have shown to be involved in the initiation and progression of various
malignancies including thyroid malignancies. In this review, we investigated what is known about the impact of
promoter hypermethylation on the key tumor suppressor genes known to be involved in cell growth and/or
apoptosis of thyroid cancer.

Methods: The most important databases were searched for research articles until June 2020 to identify reported
tumor suppressor genes that are modulated by methylation modulation changes in thyroid carcinoma. Following
the inclusion and exclusion criteria, 26 studies were reviewed using the full text to meet the inclusion and exclu-
sion criteria.

Results: The tumor suppressor genes reviewed here are suggestive biomarkers and potential targetable drugs.
Inactivation of RASSF1.A4, DAPKT, SLCEAS, and TSHR through aberrant epigenetic methylation could activate
BRAF/MEK/ERK kinase pathways with potential clinical implications in thyroid cancer patients. RARS2 and
RUNX3 could suppress cell cycle and induce apoptosis in malignant cells. TIMP3 and PTEN could prevent
angiogenesis and invasion through PIP3 pathway and arrest VEFG activity.

Conclusion: The methylation status of key genes in various types of thyroid malignancies could be used in eatly
diagnosis as well as differentiation of malignant and benign thyroid. This is valuable in drug repurposing and
discovering alternative treatments or preventions in thyroid cancer.
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Introduction

Thyroid cancer has known as a common malig-
nancy among endocrine neoplasms. It is estimated
to reach the fourth common cancer by 2030 (1).
There are four main types of thyroid cancer in-
cluding Papillary Thyroid Carcinoma (PTC), Fol-
licular Thyroid Carcinoma (FTC), Medullary Thy-
roid Carcinoma (MTC) and Anaplastic Thyroid
Carcinoma (ATC). The differentiated thyroid car-
cinomas that are papillary and follicular types con-
sist more than 90% of all types of thyroid carci-
noma. Both MTC and ATC are account for 5%-
3% and less than 3% of the thyroid carcinoma, re-
spectively (2-4).

Most thyroid cancer cases have a desirable prog-
nosis and are successfully treated with surgery and
radio-iodinated treatment (5). Early cancer diag-
nosis before metastasis is crucial because it can im-
prove prognosis, patient’s quality of life and pro-
vide more therapeutical options. Biological bi-
omarkers, such as DNA, mRNA, proteins and me-
tabolites can be used for early cancer diagnosis.
These biomarkers may be presented or produced
by the tumor itself and/or other tissues found in
all kinds of body fluids, tissues, or cell lines (6).
These biomarkers can be categorized as active
subgroups of proteins (i.e. enzymes, glycopro-
teins, and receptors), genetic markers (mutations,
amplifications, or translocations) and epigenetic
markers (such as tumor suppressor gene hyper-
methylation). The biomarkers are been utilized in
diagnostic and screenings areas of the clinic such
as estimating tumor volume, evaluating the re-
sponse to therapy, assessing recurrence and prog-
nostic factors in illness progression (3).

DNA methylation, as one of the main epigenetic
mechanisms, plays an important role in patholog-
ical conditions such as tumorigenesis including
thyroid tumor development. A methyl (the chem-
ical group here) group is added to the regions that
are rich in CpG dinucleotides (CpG islands) in the’
5-flanking regions of the promoter of a given
gene. In particular, methylation occurrence within
the promoter of the tumor suppressor genes leads
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to decreased gene expression (also known as gene
silencing). Consequently, the decreased levels of
expression result in modified function of those tu-
mor suppressor genes. This changed function is
loss of control of cell cycle process and conse-
quently cell growth (7, 8). Silencing of tumor sup-
pressors is vital in initiating and progressing can-
cer. Increased levels of methylation (hypermethyl-
ation) in promoter tumor suppressors as an im-
portant hallmark of development and progression
of different human malignancies particularly thy-
roid carcinogenesis (9). It occurs at early stages of
tumor development leading to transcriptionally in-
active tumor suppressor genes (7).

Inactivation of cancer-related genes may offer a
selective benefit to cells subjected to transfor-
mation or progressing to a more malignant pheno-
type, and therefore, may significantly influence the
tumor promotion and progression in carcinomas.
Thus, promoter hypermethylation has been widely
assessed in biomarker utilization to early diagnosis
and detection of cancers that is been useful as a
prognostic indicator in malignancies (10).

Here, a comprehensive overview of the key genes,
known as tumor suppressor genes involved in thy-
roid tumorigenesis, is provided. The mechanisms
of actions of promoter hypermethylation in pre-
venting cell growth or apoptosis induction in thy-
roid malignancies have been discussed.

Methods

Research strategy

PubMed, EMBASE, and Web of Science data-
bases were searched for research articles until June
2020 to identify reported tumor suppressor genes
that are modulated by methylation modulation
changes in thyroid carcinoma. In these datasets,
we looked for the following keywords: “thyroid”
and “cancer or tumor or neoplasm or carcinoma”,
and “suppressor or anti-oncogene” and “gene”
and “methylation”. One hundred and thirteen,
195, and 145 studies were selected from PubMed,
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EMBASE, and Web of Science according to their
titles and abstracts. The references of the selected
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articles were manually reviewed to avoid missing
any additional studies (Fig. 1).

Articles identified through search on
PubMed (n=147), Web of Science (n=167), and EMBASE (n=195)

Papers excluded (n=353)

Papers excluded
n=130

Final Literature Sample

(n=26)

Fig. 1: The workflow that was used in the present review
Final literatures were selected based on inclusion and exclusion criteria. As a final point, twenty-six articles were
choose for this review

Selection criteria

The characteristic criteria, followed in this review,
were 1) original research article 2) studies that re-
ported correlations with known tumor suppressor
genes, hyper-methylation, clinic-pathological pa-
rameters and prognosis of thyroid cancer, 3) tu-
mor suppressor genes that represent hypermethyl-
ation within their promoter regions that were as-
sessed with strong evidence. To limit this review
to higher-quality studies we excluded letters, case
report studies, expert opinion, conference ab-
stracts, editorials, ex-vivo studies, human xeno-
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grafts, and studies with no report on tumor sup-
pressor hypermethylation. Moreover, we filtered
out the studies with similar samples and over-
lapped information.

Following the above-mentioned criteria, 26 stud-
ies were reviewed using the full text to meet the
inclusion and exclusion criteria. Review articles,
in-vitro studies, Kyoto Encyclopedia of Gene and
Genomes (KEGG) and pathway studio website
were used to gain more information explaining the
probable tumor suppressors pathway in prevent-
ing thyroid cancer (Fig. 2) (11, 12).

Available at:  http://ijph.tums.ac.ir



http://ijph.tums.ac.ir/

Sheikholeslami et al.: Promoter Methylation of Tumor Suppressors in Thyroid ...

Q Transcription Factor

< Protein Kinase
O Protein
n Receptor

BT | Inhibition

e+ Activation

binding Angiogenesis Cell Cycle ‘ Apoptosis

Fig. 2: The effect of tumor suppressor genes during suppression of pathways involved in thyroid cancer tumorigen-
esis and progress (Source: The authors of this paper).

SL.C5A48 and TSHR inhibit the RAF/MEK/ERK pathway, involved cell cycle through cyclin D1 and angiogenesis.
RASSET acts through three ways. First, inhibiting the RAS oncogene and consequently preventing
RAF/MEK/ERK pathway, cell cycle and angiogenesis. Second, motivating pro-apoptotic kinases (MSTs) and then
inducing apoptosis. Third, activating c-Jun N-terminal kinase (JNK) pathway and then stopping cell cycle through
cyclin D1.

RUNX3 interrupts Wnt/B-catenin signaling pathway, involved in cell proliferation and invasion. It also forms the
complex with TCF4-b-catenin complex and consequently inhibiting the cyclinD1 activity. RUNX3 cooperates to
activating the Transforming growth factor-3 (TGF-) pathway by induction of p21 and Bim and regulates apoptosis.
RARP forms complex with RA4Ra and induced apoptosis and inhibit cell cycle.

P16 forms complex with Cyclin-dependent kinase 4 (CDK4) and then inhibits cyclin D1, prevents cell growth and
stop cell cycle.

PTEN interrupts in the phosphoinositol 3-kinase (PI3K) AKT pathway through effects on common genetic altera-
tions in this pathway, which plays an important role in tumorigenesis of thyroid cancer.

DAPKT inhibit the RAF/MEK/ERK pathway, involved cell cycle and angiogenesis through Mitogen- and stress-
activated kinase 1 (MSK1). In addition,

TIMP3 inhibits angiogenesis through effects on Vascular endothelial growth factor (VEGF) signaling and matrix
metallopeptidase 9 (MMPs)

Results and Discussion G1 to S phase. Nowadays, P76 possess tumor sup-

pressor activity by regulating cell proliferation thus
Tumor suppressor genes contributing to the pathogenesis (13-15). P76 pro-
Cycling-dependent kinase inhibitor 2A (P16); moter methylation and consequently gene silenc-
or multiple tumor suppressor 1 and or p76INK4a, ing causes a lack of protein expression and there-
belongs to cyclin-dependent kinases (CDK) and fore impacts on its function leading to increased
plays a vital inhibitory role in regulating cell cycle risk of cancer. The p76 gene inactivation is been
by slowing down the cell progression during the detected in colon, lung, brain, esophagus, stom-
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ach, pancreas, and lymphomas cancers (16). Aber-
rant hypermethylation of P76 promoter may affect
the loss of function causing the progression in thy-
roid carcinoma cell lines (17). The hypermethyla-
tion of P76 promoter has been reported in 44%
and 50% of PTC and FTC cases, respectively,
compared to 13% of non-tumorous thyroid tis-
sues (18). Another study showed significant differ-
ences between PTC tissues vs. adjacent normal
thyroid tissues (24% vs. 0%) (14). Lam et al. re-
vealed silencing of P76 promoter in 41% PTC tis-
sues while none of the nodular was negative for
P16 hypermethylation (19).

Promoter hypermethylation was significantly asso-
ciated with lymph node metastasis and extra thy-
roid invasion (18). A remarkable frequency of ab-
errant promoter methylation was detected in ag-
gressive undifferentiated thyroid carcinoma, inva-
sive PTC with lymph node and distant metastasis
(10, 14, 19). P76 is involved in the transformation
of differentiated tumor to undifferentiated pheno-
type (anaplastic) (18). However, the methylation
status of P76 was not associated with clinicopatho-
logical characteristics in PTC cases (20). An ex-
vivo study confirmed that silencing of P76 oc-
curred in C643 and Hth74 cell lines result in a re-
markable frequency of aberrant promoter methyl-
ation was detected in aggressive undifferentiated
thyroid carcinoma. This data revealed that 100%
promoter methylation of P16 occurred in undif-
ferentiated thyroid cancer cell lines (10). A meta-
analysis confirmed that p76 gene promoter meth-
ylation is vital for the PTC risk (21). Promoter
methylation of P76 plays a major role in the pro-
cess of neoplastic progression and tumor dediffer-
entiation in thyroids. Notably, the methylation sta-
tus of P76 promoter was shown to be a common
and most likely an early event during this process.
Ras Association domain Family members 1 A
(RASSFIA); is an isoform of Ras Association Do-
main Family that is located on chromosome
3p21.3 and associated with preserving genomic
stability, stabilization of microtubules. Based on
KEEG pathway analysis, shown by several studies
(ref), RASSF1.A is contributed to cell cycle, pro-
liferation and apoptosis (22). The RASSF7.A gene
silencing has been shown to occur via promoter
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hypermethylation and has been linked to the path-
ogenesis of different human cancer types. These
events suggest the tumor suppressor effect of this
gene might be presented via cell proliferation and
suppress apoptosis process (3, 13). In particular,
hypermethylation of RASSF7.A4 occurs in 75% of
FTC cases, 20% of PTC cases, 44% of benign ad-
enoma, and 0% of normal tissues (23). The aber-
rant promoter methylation of RASSF7 has been
identified in FTC and PTC (13, 23-25). Even
though the frequency of promoter methylation of
RASSF1A in malignant tissues was less than be-
nign tissues (76% vs. 93%), the mean of methyla-
tion in malignant tissues was higher than benign
tissues (28.3 vs. 11.4) (20). This finding is in line
with an in-vitro study that revealed RASSF7.A4 hy-
permethylation in nine PTC, ATC, and FTC-re-
lated cell lines (24). BRAF mutation and
RASSF1.A4 deactivation were related to each other
inversely. In other words, RASSF7.4 deactivation
occurred in PTC patients who have BRAF muta-
tion (20).

RASSF1.A promoter methylation is strongly asso-
ciated with thyroid cancer risk and pathogenesis of
PTC, howevert, there is no correlation between the
risk and stage of the disease or distant metastasis
(13, 27). Therefore, inactivation of RASSF7.4
promoter was not shown to be correlated with the
severity of thyroid malignancies. In addition,
RASSF1.A inactivation occurs at an early stage of
thyroid tumorigenesis. Based on KEGG pathway
by previous studies, RASSF7.A causes apoptosis
by regulating pro-apoptotic kinases (MSTs) (22).
Similar to P76, RASSF1.A plays a vital role in the
cell cycle at the G1-S checkpoint by connecting to
c-Jun N-terminal kinase (JNK) pathway and mod-
ulating the levels of cyclin D1 (22). RASSF7A in-
hibits the RAS proto-oncogene activity, involved
in cell cycle progression and angiogenesis via
RAF-MEK-ERK pathway (28).

In 2009, the epigenetic inactivation of RASSF70,
a novel RASSF member, was identified as a new
target for the pathogenesis of thyroid cancer (in
06% of the primary tumor in thyroid tissues) (29).
RASSFE2, a third family member of RASSFs, was
inactivated in 63% of primary thyroid tumor (ref).
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RASSF2 promoter hypermethylation was associ-
ated with a decreased expression of?. This study
used a DNA methylation inhibitor to reactivate
RASSF2 transcription. RASSF2 could induce
apoptosis in thyroid cancer cells (30). However,
more studies are needed to accept these RASSF
members which act as tumor suppressor genes.
Solute Carrier Family 5 Member 8 (SLC5A8);
is a member of the sodium solute symporter fam-
ily, and transports iodide via a passive mechanism
(elaborate passive mechanism?). The family mem-
bers are expressed in various tissues such as thy-
roid gland and could play both roles as a trans-
porter and a symporter (7, 8). They are also played
as sodium-independent facilitative transferring io-
dide via the basal membrane of thyroid follicular
cells (31). SLC5.AS is frequently methylated in var-
ious types of cancer (32-34). Aberrant methylation
of the SL.C5.48 promoter was assessed in various
populations and sample sizes. Significant hyper-
methylation was observed in 76/231 (33%) by Hu
et al. (7), 36/138 (26.1%) by Kiseljak-Vassiliades
et al. (35), 34/86 (39.5%) by Zane et al. (36), and.
In addition, promoter silencing of SL.C5.48 was
detected in circular DNA in PTC patients by high-
resolution melting analysis by Khatami et al (25).
The SL.C5.A8 methylation status in thyroid gland
is shown to be associated with pathological fea-
tures in thyroid cancer such as extra-thyroidal in-
vasion, multifocality and disease aggressiveness
(particularly in PTC) and BRAF mutations (7, 25,
32). The association between down-regulating and
promoter hypermethylation of SL.C5.A48 provides
evidence of tumor suppressor role of SLC5.A8
gene in thyroid cancer. Similar to SL.C5.AS, several
studies demonstrated aberrant methylation in
SLC5A5 gene in PTC cases compared to normal
thyroid tissue and hyperthyroid samples (2, 3). No
evidence supported the exact pathway, which in-
volved in tumor suppressor activity of SL.C5.AS.
However, because of the association between
BRAF and SL.C5.AS, this gene is probably contrib-
uted to modulate MAPK pathway in thyroid can-
cer especially in PTC.

Retinoic Acid Receptor, Beta2 (RARB2); is a
member of the thyroid-steroid hormone receptor
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superfamily that encodes retinoic acid receptor
beta (a nuclear transcriptional regulator). This re-
ceptor is involved in epithelial cell tumorigenesis
by binding to the active form of vitamin A, retin-
oic acid and ERK signaling pathway. RARS2 gene
methylation is seen frequently in human cancers
(7). RARBZ promoter was remarkably hypermeth-
ylated in thyroid cancers compared with benign
thyroid tumors representing a positive correlation
with silencing of RARB2 and BRAF mutations
(26). However, the frequency of RARS2 methyla-
tion occurrence was less than another tumor sup-
pressor such as TIMP3, SL.C5A8 and D.APKT
genes. RARS2 gene promoter methylation was as-
sessed in 50/231 (22%) (7), 23/138 (16.7%) of
PTC cases (35). Even though RARS2 gene silenc-
ing was associated with thyroid tumorigenesis,
there are a handful of studies that showed no sig-
nificant difference in RARS2 methylation frequen-
cies between thyroid cancer and non-malignant
cases (20, 37). This suggests that RARSZ inactiva-
tion is associated with BRAF mutation (7, 10, 20).
Overall, RARB2 might act as a tumor suppressor
gene. However, RARS and RARa prevented cell
growth and induced apoptosis (38) but this re-
mains to be confirmes by zz-vitro studies.

Death-associated protein kinase 1 (DAPK]I); is
a calcium calmodulin-regulated serine/threonine-
protein kinase. D.APK7 mediates the gamma-inter-
feron-related programmed cell death mechanism
(39). DAPKT exerts gene silencing via hypermeth-
ylation in many human cancer types including thy-
roid cancer (7, 40, 41). Promoter hypermethyla-
tion-induced silencing of DAPK7 occurred in
78/231 (34%) (7), 40/138 (29%) (35), and (32%)
of PTC cases (2). Aberrant methylation of D.APK7
was significantly higher in PTC cases than in FTC,
MTC and goiter cases (10). However, one study
revealed no significant differences of the frequen-
cies of DAPKT methylation among thyroid cancer
tissues and normal/benign tissues (37). DAPKT
methylation is significantly linked to tumor multi-
focality and BRAF mutations? In aggressive PTC
(7). So far, the effect of DAPKT as a tumor sup-
pressor is exerted by pro-apoptosis which occurs
in cell survival and apoptosis-related pathways and
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prevents cell proliferation by inhibiting the ERK
in MAPK signaling pathway.

Tissue Inhibitor of metalloproteinase-3
(TIMP3); belongs to TIMP gene family, known
as tissue inhibitor of metalloproteinase. This gene
acts as a mitogenic stimulator in cell growth, angi-
ogenesis, invasion and metastasis inhibitor in sev-
eral cancer types (7). This gene presents hyper-
methylation in some cancers, such as thyroid can-
cer, esophageal adenocarcinoma, and uveal mela-
noma (7, 26, 42-44). Promoter methylation status
of TIMP3 was detected in 53% of PTC cases using
Real-time quantitative methylation-specific PCR.
Notably, in this research, the association between
promoter methylations of TIMP3 and BRAF mu-
tations, aggressive pathological PTC features, such
as extrathyroidal invasion, lymph node metastasis,
and tumor multifocality were also found (7). The
frequencies of TIMP3 methylation was 67/138
(48%) in PTC cases (35). Another study assessed
the TIMP3 methylation rate 27%, 42% and 51% in
normal, benign stages of thyroid malignancies and
thyroid cancer, respectively. (37). The significantly
positive association of promoter methylation as a
result of TIMP3 and BRAF mutations in PTC
samples have an important role in PTC develop-
ment. Some pathways are shown related to
TIMP3, such as ERK signaling and Akt signaling.
VEGF signaling pathway and Angiogenesis are
also two pathways, which TIPM3 is involved.
TIMP3 could inhibit matrix metallopeptidase 9
(MMP9). TIMP3 is downregulated as a result of
promoter methylation and modulates the MMP9
binding to receptors and consequently, the angio-
genesis and vessel information are initiated (45).
TIMP3 inhibits vascular endothelial growth factor
receptor2 (IVEGFR?2) in VEGF pathways. There-
fore, it can prevent angiogenesis via activation of
a kinase cascade that includes RAS and MAPK
(46, 47). The studies abovementioned suggest that
TIMP3 may act as a tumor suppressor gene.
Thyrotropin Receptor (TSHR); gene encodes a
receptor that binds to thyroid-stimulating hor-
mone (TSH). This protein is located on the mem-
brane of thyroid follicular cells. In addition, TSHR
plays a crucial role in iodide uptake by sodium/io-
dide symporter (48). The epigenetic silencing of
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TSHR gene has been observed in thyroid tumor-
igenesis. A significantly higher prevalence of pro-
moter methylation for T.SHR has been detected in
a higher aggressive ATC compared to other thy-
roid cancer types (10). Khan et al. found a higher
frequency of TSHR methylation in thyroid tu-
mors, and epigenetic silencing was significantly as-
sociated with BRAF mutations (49). One study re-
vealed aberrant methylation in TSHR gene in 11
out of 32 (34%) PTC tissues, and 2/27 (7%) con-
trol tissues (2). The findings were similar using
thyroid tissues samples or fine-needle aspiration
cytology samples. The methylation status was sig-
nificantly higher in malignant cases than in non-
malignant cases, particularly in PTC cases (71% vs.
46%) (50). In contrast, TSHR is hypermethylated
in 20/44 (45%) thyroid cancer cases, 24/44 (55%)
benign adenoma cases and 9/15 (60%) normal
thyroid tissues. The TSHR hypermethylation lev-
els were not significant between groups (37). Fi-
nally, recent meta-analyses have covered all re-
ports focused on the methylation of TSHR in thy-
roid cancer. Based on this study, the gene methyl-
ation level is higher in PTC cases significantly as-
sociated with age, lymph node metastasis, clinical
stage and tumor size (51, 52). TSHR potentially
suppresses the RAF-MEK-ERK pathway in thy-
roid cancer (53). Therefore, TSHK gene may be an
applicant marker for PTC diagnosis.

Runt-related transcription factor 3 (RUNXJ);
is expressed into different isoforms. The isoforms
regulate the gene expression by an impact on pro-
moters and play an important role as a tumor sup-
pressor gene such as p53, p21, and p27. These tar-
get genes are vital in the regulation of epithelial
proliferation and apoptosis. Similarly, the core-
binding factor (CBF) complex is regulated by
RUNX genes. The CBF complex activates several
regulators of growth, survival and differentiation
pathways. RUNX3 promoter silencing is reported
in several cancers such as gastric, colorectal and
lung cancer (50, 54). Ko et al. conducted the first
study based on an assessment of the methylation
level of RUNX3 in thyroid cancer (55). There is
one study conducted by Yin et al, in Chinese lan-
guage not included in this review. Aberrant meth-
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ylation of RUNX3 promoter was significantly de-
tected in thyroid cancer higher than in noncancer-
ous controls, particularly in PTC subtype (55, 56).
Hypermethylation of promoter CpG islands of
RUNX3 in thyroid cell lines was confirmed using
in-vitro methods (55). Subsequently, the relation
between RUNX3 silencing and the risk of tumor
recurrence was detected (14). RUNX3 might act
as a tumor suppressor by interrupting Wnt/B-
catenin signaling pathway, involved in cell prolif-
eration and invasion. RUNX3 acts through form-
ing the complex with TCF4-b-catenin complex
and consequently inhibiting the cyclinD1 activity.
RUNX3 cooperates in activating the Transform-
ing growth factor- 8 (TGF-B) pathway by induc-
tion of p21 and Bim (57, 58). Notably, these
mechanisms must be confirmed in thyroid cancer
pathway too.

Even though the epigenetic modifications have
been confirmed by several studies in thyroid can-
cer cases but the relationship between methylation
changes and gene expression and clinic-patholog-
ical characteristics has not yet been investigated.
Phosphatase and tensin homolog (PTEN); is
a tumor suppressor gene located in 10q23.31 chro-
mosomal region and negative regulator of the
phosphoinositol 3-kinase (PI3K) AKT pathway in
multiple cancers. Common genetic alterations in
AKT pathway plays an important role in tumor-
igenesis of thyroid cancer (59). Enhanced signaling
activity of PI3K/AKT pathway contributes to cell
growth, proliferation, differentiation and DNA re-
pair (ref). On the other hand, PTEN inactivation
affects cell cycle regulation via decreasing cell cycle
inhibitor activity of p27 and p50 (59-62). PTEN
inactivation occurs through genetic and epigenetic
modifications including deletion, mutation and ab-
errant promoter methylation in thyroid cancer (59,
62). Interestingly, the prevalence of PTEN meth-
ylation is higher than mutations or loss of hetero-
zygosity in thyroid neoplasms (63). Aberrant pro-
moter silencing of PTEN was detected in PTC,
FTC and ATC cases associated with the progres-
sion of thyroid cancer, however, the promoter hy-
permethylation was low in cell lines (10, 59, 63).
Although the PTEN silencing is shown to be as-
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sociated with thyroid tumorigenesis it is not asso-
ciated with aggressive lymph node metastasis and
extrathyroid extension (62). More studies on dif-
ferent tumor types are needed to explore whether
PTEN can be a candidate marker for thyroid can-
cer diagnosis.

The recent finding of frequent methylation of
PTEN promoter in thyroid tumors explains aber-
rant silencing of this gene in thyroid cancer, as
promoter methylation is an important epigenetic
mechanism in silencing of genes. In summary, our
data are consistent with an interesting model that
signaling of the PI3K/AKT pathway activated by
its activating genetic alterations can be enhanced
by coexisting aberrant methylation and hence epi-
genetic down-regulation of the PTEN gene, which
normally antagonizes the signaling of this path-
way. Further studies are needed to explore the mo-
lecular mechanisms underlying the link between
such genetic and epigenetic changes. As we ex-
ected, hypermethylation of PTEN promoter was
significantly detected in Fine Needle Aspiration
(FNA) samples (PTC cases), but it could not im-
prove the specificity of FNA diagnosis (62).

Conclusion

Promoter silencing of certain genes appears to be
associated with various stages of thyroid cancer
and invasive tumor behavior and clinical implica-
tions. The tumor suppressor genes reviewed here
are suggestive biomarkers and potential targetable
drugs. Inactivation of RASSF7.A4, DAPKI,
SLCEAS, and TSHR through aberrant epigenetic
methylation could activate BRAF/MEK/ERK ki-
nase pathways with potential clinical implications
in thyroid cancer patients. In particular, MAPK
pathway is one the important process in thyroid
pathogenesis. RARB2 and RUNX3 could sup-
press cell cycle and induce apoptosis in malignant
cells. TIMP3 and PTEN could prevent angiogene-
sis and invasion through PIP3 pathway and arrest
VEFG activity.

Aberrant methylation is known as an important
epigenetic modification that results in tumor sup-
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pressor inactivation in human cancers. The meth-
ylation status of key genes in various types of thy-
roid malignancies could be used in early diagnosis
as well as differentiation of malignant and benign
thyroid. This is valuable in drug repurposing and
discovering alternative treatments or preventions
in thyroid cancer. For instance, demethylating of
tumor suppressors genes involved in a given path-
way may contribute to suppressing that pathway
consequently enhancing tumor suppressor activity
that might improve the treatment process. Given
the importance of inactivation of tumor suppres-
sor genes, more studies are needed to identify and
examine new molecules with tumor suppressor ac-
tivity. To design molecular panels improving diag-
nosis and treatment of thyroid cancer.
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