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ABSTRACT
Papillary thyroid cancer (PTC) is one of the generic types of 
thyroid cancer and most prevalent form of malignancy among 
all cancers of the thyroid. It is also one of the few cancers with 
a rapidly increasing incidence. PTC constitutes approximately 
85% of all thyroid cancer cases. PTC is usually contained within 
the thyroid gland and generally biologically indolent. The pres-
ent article provides an updated condensed overview of PTC, 
which focuses mainly on the molecular and biomarker inves-
tigations.
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INTRODUCTION
Thyroid Cancer (ThyCa) is the most common en-

docrine malignancy and account for the majority of 
endocrine cancer death each year [1]. Thyroid cancer 

originates in the thyroid gland, which is located at the 
front of the neck, just below the larynx. Thyroid hor-
mones control metabolism, growth, body tempera-
ture, menstrual cycles, the functioning of the lungs, 
heart & muscle strength and ancillary vital organs. 
Thyroid disorder is a silent disease where the symp-
toms are subtle and may be often overlooked during 
diagnosis, so it’s essential to critical monitoring during 
such type of diagnosis. Generally, the symptoms of the 
under-active thyroid are similar in men as well as in 
women, with weakness, fatigue, weight gain, depres-
sion and high cholesterol dominancy [2]. 

Thyroid cancer incidence and prevalence rates are 
rising throughout the world, including India. Accord-
ing to the statistics from the National Cancer Registry 
Program (NCRP) of Government of India, to study 
the epidemiological trends of thyroid cancer. The in-
cidence rate of thyroid cancer in India in women in-
creased from 2.4 to 3.9/100,000 and in men from 0.9 to 
1.3/100,000. Very few studies have reported about the 
mutation/polymorphism in RAS/RET/BRAF of pa-
tients diagnosed with Papillary thyroid cancer. Hence, 
there is lack in studies reporting the cause of Papil-
lary thyroid cancer in North India. Most of the data 
supporting an epidemic of thyroid cancer come from 
high-income countries; therefore, this phenomenon is 
generally considered a problem of the developed world. 
However, an epidemiologic transition from communi-
cable disease to chronic noninfectious diseases is rap-
idly developing in low and middle income countries 
[6]. In the past, infectious diseases overwhelmed the 
health care infrastructure in these regions; the system 
has now been overtaken by the burden of noncom-
municable diseases such as cancer, diabetes and heart 
disease. The state of Kerala in southern India, home 
to >34 million people, has health indices comparable 
to those of developed nations. The health care system 
in Kerala has undergone the epidemiologic transition 
much earlier than the rest of country [7]. Therefore, we 
hypothesized that a thyroid cancer epidemic may be 
occurring in the region and aimed to study thyroid 
cancer trends in Kerala. 

There are four sub-types of thyroid cancer: papil-
lary cancer (85% of cases), follicular cancer (5-15%), 
anaplastic cancer (<5%) and medullary cancer (5%) 
(Figure 1)[5]. Patients with co-morbidities have a low-
er quality of life [8]. Comorbidities can have a negative 
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impact on the overall health of patients and worsen 
the prognosis of cancer. Patients suffering from thy-
roid cancer are at high risk for cardiac and vascular 
diseases (CVD)[9-10]. 

85%
05-15%

<5%
5%

Types of Thyroid Cancers

PTC FTC ATC MTC

Figure 1: Frequency of thyroid neoplasms.

Through a careful revision of several published 
studies, a correlation between age of incidence can 
be established. In fact, PTC is more frequent in child-
hood and <50 years, FTC in patients <60 years and the 
ATC 60-70 years (Table 1). It is usually detected within 
3rd to 5th decades of the patients lives, with the mean 
age at 40 years.

Table 1
Correlation between incidence types of thyroid cancer.

Types Incidence
PTC Childhood

<50 years
FTC <60 years
ATC 60-70 years

Papillary thyroid cancer (PTC) is an so gener-
ic types of thyroid cancer and one of the most com-
mon subtypes of thyroid cancer in countries having 
iodine-sufficient or iodine-excess diets [6] with high-
er incidence rate[7]. However, after correction for the 
greatest number of nodules, the percentage of TCa in 
thyroid nodules is similar to the one found in areas 
with normal intake of dietary iodine.

Different histotypes occur in accordance to the 
contribution of dietary iodine (Figure 2). In presence 
of a sufficient iodine intake, more iodine deficiency 
follicular and anaplastic figures are more frequently re-
ported (approximately 2-3 times higher than observed 
in areas with adequate iodine intake). The reasons for 
this may not be clear, but may reflect improvements 

that contribute to earlier cancer screening [13]. PTC 
occurs at any age and has rarely been diagnosed as a 
congenital tumor [14]. The incidence of PTC increases 
with age and women are more frequently affected than 
men in ratios of 2:1 to 4:1[15]. Additional suggested risk 
factors include pre-existing benign thyroid disease or 
having a family history of PTC [16]. PTC appears to be 
the most common variety of thyroid malignancy that 
have been incidentally detected in patients with be-
nign thyroid goiter [17-18].

Molecular Genetic Aspects: 
The most frequent genetic alterations identified 

based on molecular biology studies over the past 20 
years mainly reported the activation of oncogenes 
such as BRAF, RAS and RET. Substantial molecular 
genetic alteration studies performed in the last two de-
cades have given better insights in the understanding 
of the progression of PTC. PTC is often characterized 
by RET chromosomal rearrangement, or point muta-
tion of RAS or BRAF proto-oncogenes, all of which 
are able to trigger the activation of mitogen-activat-
ed protein kinase (MAPK) cascade. Mutations of the 
BRAF, RAS or RET genes are found in nearly 70% of 
PTC cases [19]. Genetic events subsequent to the muta-
tions may further lead to numerous different variants 
of PTC [20].

RET and PTC rearrangements: 
RET rearrangement is another genetic alteration 

found in Papillary thyroid carcinomas [21]. RET/PTC 
rearrangements are the second most common genetic 
alteration in PTC. The RET chromosomal rear range-
ment was first reported in PTC by Fusco et al. [22]. The 
rearranged proto-oncogene during transfection (RET), 
located on chromosome 10q11.2, was isolated in 1985 
and shown to be activated by DNA rearrangement (re-
arranged during transfection) [23]. RET, a proto-onco-
gene, encodes for the plasma membrane-bound RET 
tyrosine kinase receptor for ligands in the glial-derived 
neurotrophic factor (GFL) family [24].

The RET proto-oncogene encodes a cell membrane 
receptor tyrosine kinase. RET is highly expressed in 
parafollicular C cells, which is usually not expressed in 
follicular cells, but it can be activated by chromosomal 
rearrangement: the RET/PTC translocation. This oc-
curs due to genetic recombination between 3’ tyrosine 
kinase of RET and 5’ portion of a partner gene. The 
translocation constitutively activates tyrosine kinase 
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activity of RET. RET/PTC activates both the MAPK 
and PI3-AKT pathways [25]. There are more than 10 
types of this translocation and the most common are 
RET/PTC1 and RET/PTC3 [25-27]. 

Oncogenic BRAF and PTC:
BRAF is a serine–threonine kinase, part of the 

RAF proteins family, which are effectors of the MAPK 
pathway. MAPK is an intracellular signalling pathway 
that has a central function in cell growth, proliferation, 
apoptosis and differentiation; BRAF alterations affec-
tively activate this pathway.One of the most important 
gene mutations that plays a significant role in thyroid 
carcinogenesis and has been studied most extensively 
involves BRAF [28]. A point mutation (T1799A) causes 
the substitution of V600E amino acids in the BRAF 
protein, which is one of the common mutations essen-
tial to activate serine–threonine kinase. The frequency 
of this point mutation can be as high as 90%, but it 
is observed on average in 45% of PTC [29]. Mutations 
in the BRAF gene are not detected in benign thyroid 
nodules.

Oncogenes RAS and PTC:
The oncogene RAS, which include Ha-ras1, K-ras2, 

N-ras, synthesize a group of 21 kDa proteins that plays 
a significant role in oncogenesis and tumor progres-
sion [30].There are two forms of RAS proteins, an in-
active form linked to GDP and an active form with 
GTPase activity and thus transmits signals to a mito-
genic activated protein (MAP) kinases cascade. RAS 
mutations have the constituent activating effect of Ras 
proteins [30], which in turn lead to genomic instability 
and additional mutations and malignant transforma-
tion [31]. Overexpression of ras seems to be associated 
with normal human thyroid growth as well as both of 
which are markers of the progression towards malig-
nancy. 

METHODOLOGY
In this article, we have searched for relevant re-

search on Molecular biomarkers, RET/PTC, RAS, 
BRAF of Papillary thyroid cancer in the past 10 years 
and search by PubMed, Scopus, Cochrane Library, 
Web of Science using the MeSH/Keywords: Thyroid 
cancer, Papillary thyroid cancer, Molecular biomark-
er, Genetic alteration, RET/PTC, RAS, BRAF. The last 
search was done on Sep 20, 2022. We also included rel-
evant studies cited in reports identified by this search 

strategy and relevant work from our own scientific lit-
erature collections. 

CONCLUSION
Based on the available literature it is evidenced 

that suggesting that PTC is the most prevalent type of 
thyroid malignancy, with complex etiopathogenesis 
and requires further in-depth investigations. Current-
ly very limited knowledge on miRNA and proteom-
ic biomarker are available in literature as biomarkers 
for PTC. The estimation of existing markers are not 
on the regular panel of clinical laboratories. There is 
a need for more future studies so that the findings can 
be eventually translated into useful clinical markers 
and their applications in the diagnosis and manage-
ment of PTC.
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