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Abstract
Introduction: Medullary thyroid carcinoma (MTC) comprises nearly 5% of all cases of thyroid cancer
(TC). Aberrant activation of RET (rearranged during transfection) signaling via somatic mutations is
the basic molecular mechanism of MTC tumorigenicity. In this study, we determined the incidence of
RET gene mutations in exons 10, 11, and 16 in Iranian patients.
Received May 31, 2020
Methods: A total of 33 patients undergoing thyroidectomy at Imam Khomeini hospital of Tehran, Iran
Accepted July 18, 2020
Published online 30 Septemeber 2020 and diagnosed with MTC were enrolled. For investigating mutations in exons 10, 11, and 16, DNA was
extracted from tumor tissues, and the genes were amplified by polymerase chain reaction (PCR) and
then sequenced.
Results: Out of 33 patients, 20 (60.6%) subjects had mutations in one of the examined exons (10, 11,
and 16). According to our results, the “ATG918ACG” mutation in codon 918 had the highest rate.
Conclusion: Testing RET mutations can be beneficial in clinical evaluation and treatment management
of MTC patients.
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Introduction
Although palpable thyroid nodules
(PTNs) may be found in around 4-7% of
general population, around 5% of these
PTNs transform to cancerous masses. 1
Thyroid cancer (TC) is a common tumor
of endocrine system comprising 5%-10%
of all thyroid nodules. Epidemiological
studies around the world show a soaring
pattern in TC diagnosis. Among all types
of human tumors, the incidence of TC has
particularly increased in recent decades.1
Around 7.5%-10% of TCs originate from
parafollicular cells, which is known as
medullary thyroid carcinoma (MTC).1
According to the Iranian Cancer Institute,
TC accounts for 1.8% of all cancers among
Iranian people. Moreover, TC is the
seventh, fourteenth, and eleventh most
common cancer in Iranian women, men,
and general population, respectively.2
Regarding histopathology, differentiated
and non-differentiated thyroid tumors are

two main categories. The later includes
two main subcategories: anaplastic thyroid
cancer (ATC) and MTC. Thyroid tumors
usually originate from follicular cells, while
MTCs develop from parafollicular cells.3
MTCs which originate from C or
parafollicular cells that produce thyroid
calcitonin comprise 5-7% of all thyroid
tumors4,5; while majority of them are
sporadic, about one-fourth are hereditary.5
Hereditary types include multiple
endocrine neoplasia (MEN-2A and
MEN-2B) and familial MTC (FMTC).
Familial types are inherited as autosomal
dominant traits and are characterized
with RET mutations.6-8 Clinically, FMTC
is characterized by a complete penetrance
but different expressions. MTC presents in
all, and around half develop MEN-2B or
MEN-2A pheochromocytoma. A ratio of
MEN-2A patients suffer from parathyroid
hyperplasia.9
Receptor tyrosine kinases (RTKs) are a
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large family of receptors activated by binding to ligands.
RTKs mediate cell proliferation, differentiation, survival,
and motility. RET (rearranged during transfection) at
10q11.2 was amongst the first RTKs, which was identified
to be associated with neoplasia. RET has been considered
to be responsible for all types of inherited TCs. Point
mutations in sporadic MTC lead to gain-of-function
mutation and tumorigenesis.10 The molecular basis of
MTC tumors is the inappropriate activation of RET
signaling due to a mutation in RET, which does not exist
in tumors derived from thyroid follicular cells.11
Mutations in six exons of RET (10, 11, 13, 14, 15, 16),
which correspond to cysteine-rich and tyrosine kinase
domains of the receptor, comprise more than 95% of
cases, and all first-degree relatives of newly diagnosed
MTC patients should be screened for these mutations.12
Somatic mutations in codon 918 are the most common
types and are associated with aggressive MTC.12
The RET RTKs are commonly mutated in thyroid
tumors and MTC.13 RET-activating mutations confer
oncogenic activity and play a key role in apoptosis,
viability, and proliferation of cancer cells thorough
pathways such as PI3K/AKT. Therefore, RET serves as a
potential target for treating MTC patients.13
Various RET gain-of-function mutations, especially in
exon 10 (codons 609, 611, 618 and 620), exon 11 (codons
630 and 634), and exon 16 (codon 918) are well-known
to be linked with FMTC, MEN-2B, and MEN-2A.14,
15
Accordingly, in this study, we investigated somatic
mutations in these exons in Iranian MTC patients.
Materials and Methods
In this case-control study, 33 patients with MTC (20
males and 13 females) were investigated. The margins of
tumors from the same patients were differentiated from
tumors by a pathologist and considered as controls. The
case and control groups were exactly matched for age, sex,
and clinical stages.
The samples were collected from paraffin-embedded
tissue blocks at Imam Khomeini Hospital of Tehran,
Iran, during 2008-2012. The patients’ specifications were
extracted from the reports of archived files. Patients were
selected based on the histological subtypes of tumors. Each
paraffin-embedded tissue block was cut into 5-micron
sections by a microtome machine, and the tissue sections
were placed into 1.5 mL microtubes.
DNA Extraction
DNA was extracted from the samples using the QIAamp
DNA FFPE Tissue DNA extraction kit (Qiagen, Germany)
according to the kit protocol. Before DNA extraction, the
tissues were washed with xylene and then absolute alcohol
(Sigma, St. Louis, MO, USA).
The quality of the extracted DNA was assessed with
NanoDrop® ND-1000 (Thermo Scientific, USA). The
samples were then reached to 100 ng/µL concertation

by adding distilled water. The quality of DNA was also
checked by running 5 μL of the extracted DNA on 1%
agarose gel.
PCR for Amplifying Exons 10, 11, and 16
In order to amplify the exons 10, 11, and
16
of
RET
protooncogene,
the
primers
(F5´GCGCCCCAAGGAGGCTGATGC3´)
and
(R5´CGTGGTGGTCCCGCCCGCC3´) for exon 10, the
primers (F5´CCTCTGCGGTGCCAAGCCTC3´) and
(R5´CACCGGAAGAGAGAGTAGCTG3´) for exon 11,
and the primers (F 5′GTGCCCAGGAGTGTCTACCA3′)
and (R5′CAGGACCACAGGAGGGTAAC3 ′) for exon
16 were applied. Polymerase chain reaction (PCR)was
performed in a 30 μL volume containing 1 μL of each
forward and reverse primer (10 μM), 1 μl DNA (100
ng/μL), Taq PCR PreMix (Bioneer, South Korea) and
27 μL water. Reactions were performed in an automatic
thermocycler (peqSTAR 96X HP, Peqlab Co., Germany).
PCR reaction was conducted considering an initial
denaturation at 94°C for 10 minutes, and 30 cycles at
94°C for 45 seconds (denaturation), 66°C for 45 seconds
(annealing), and 72°C for 30 seconds (extension). A final
extension phase at 72°C was also held for 10 minutes.
After PCR, the amplicons were visualized on 8%
polyacrylamide gel and stained with silver nitrate.
After confirming the amplification of exons, they were
sequenced and evaluated using Chromas software (version
2.6.4). The resultant peaks were blasted against reference
sequences from the gene bank (http://www.ncbi.nlm.nih.
gov/blast/Blast.cgi) using the Chromas software (version
2.6.4).
Results
The samples of 33 MTC patients (20 males and 13
females) were analyzed, of which 20 (60.6%) cases showed
mutations in at least one exon of RET gene (Figure 1).
Table 1 shows the patients’ clinical and demographic
features.
RET Protooncogene Mutations
Twenty patients (60.6%) were identified with mutations
in exons 10, 11, and 16 (Table 2), and 13 patients did not
have any mutations in these exons.
Out of 20 individuals (10 females and 10 males) with
mutations in exons 10, 11, and 16, only one 25-year-old
male had mutations in both exons 16 and 10 (Figure 2).
The “ATG918ACG” mutation in the codon 918 of exon
Table 1. The Patients’ Features
Age (y) (mean
± SD)

Male: Female
Ratio

MTC

41.6 ± 17.3

20:13

MTC without RET mutation (n=13)

43.6 ± 19.7

8:5

MTC with RET mutation (n=20)

41.8 ± 15.2

10:10

Cancer Type
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Table 2. Mutations Observed in Exons 10, 11, and 16 of RET Protooncogene
Mutations

Wild Sequence

Mutated Sequence

C634F

TTC

TGC

C611S

AGC

TGC

C618R

CGC

TGC

C609S

AGC

TGC

M918T

ACG

ATG

21.20% of patients. Out of patients with mutations, one
25-year-old male had mutations in both exons 16 and
10. The “ATG918ACG” in the codon 918 of exon 16 was
the most common mutation observed in this exon. Seven
mutations (including TGC609AGC, TGC618CGC, and
TGC611AGC) were observed in exon 10, among them
codon 618 mutation showed the highest rate. Finally,
TGC634TTC mutation in exon 11 was observed in two

C:Cys , S:ser , R: Arg , F: phe , M: met , T: Thr.

Discussion
Somatic RET mutations are detected in about 30$-50%
of sporadic and 92% of inherited MTC cases.16,17 This
indicates the significant role of RET in MTC pathogenesis.
All three clinically distinct types of MTC (i.e. MEN-2A,
MEN-2B, and FMTC) are characterized with aggressive
histopathology and high death rate in malignancies
of thyroid.18 In this regard, investigating RET somatic
mutations in MTC tumors can help predict prognosis and
response to RET-inhibitors.19
These mutations elevate the rate of metastasis to lymph
node and distant locations, and decreased survival in
patients.20 In the present study, from 33 patients with
MTC (21 to 70 years), 20 cases (10 males and 10 females;
age range: 24-65 years) showed mutations in exons 10, 11,
and 16 of RET gene, and 13 patients showed no mutations.
In another study, it was reported that the percentage of
patients with RET mutations in tumor tissues was 50%.21
Schulten et al also studied 13 patients with MTC, of whom
5 showed mutations in exon 16, and two patients had
mutations in exon 10 (C620S and C618S). Therefore, it is
important to screen MTC patients in terms of RET gainof-function mutations. Sporadic MTCs are particularly
associated with M918T mutation in exon 16, which
is associated with the highest risk of tumor invasion.
Schulten et al reported that RET mutations in exons 10 and
16 were detected in seven out of 13 MTC patients. Exon 10
codes the extracellular cysteine-rich domain of RET, and
its mutations result in ligand-independent dimerization
and activation of the receptor. Hereditary mutations in
exon 10 (mostly C620S and C618S) are associated with
MEN-2A. In contrast, exon 16 encodes the intracellular
tyrosine kinase domain. The M918T is the most common
inherited mutation of exon 16, which is associated with
MEN-2B.22 In our study, mutations in exon 16 were the
most common alternations of RET observed in 39.4% of
patients, and exon 10 mutations were also identified in
110
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16 was the most common mutation (13 out of 20). Seven
mutations were identified in exon 10, and “TGC618CGC”
was the most common one. The “TGC634TTC” mutation
in exon 11 was observed in two individuals.
Chromatograms obtained from sequencing of
amplicons with mutations in exons 10, 11, and 16 have
been shown in Figures 3, 4, and 5, respectively.
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Chromatograms obtained from sequencing of amplicons with mutations in exons 10, 11, and 16
have been shown in Figures 3, 4, and 5, respectively.

Figure 3. The 618 Codon Mutation in Exon 10 of RET Gene Characterized with the Substitution
of Cysteine With Arginine (up) in Comparison with the Normal Sequence (down).

Figure 3. The 618 Codon Mutation in Exon 10 of RET Gene
Characterized with the Substitution of Cysteine With Arginine (up)
in Comparison with the Normal Sequence (down).
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Figure 4. The Mutation in the 634 Codon of Exon 11 (up) in
Comparison With Reference Sequence (down).
The mutation is characterized with the substitution of cysteine with
phenylalanine.

Figure 5. Sequencing of Exon 16 Shows the Mutation Converting
ATG to ACG in the 918 Codon of Exon 16 (up) in Comparison With
Normal Sequence (down).

individuals. Missense mutations in each of 6 codons of
RET gene that encode cysteine amino acids (codons 609,
611, 618, and 620 of exon 10 and codons 630 and 634 of
exon 11) forming the extracellular cysteine-rich domain
of the RTK lead to constitutive homodimerization and
autophosphorylation of specific tyrosine residues in RET
intracellular kinase domain.23 In patients with MEN2B, mutations are generally limited to RET intracellular
tyrosine kinase domain (mainly includes codon 918 of
exon 16).24
RET germ line mutations lead to hereditary subtypes
while somatic mutations lead to sporadic MTC.15 More
than 90% of FMTC and MEN-2A patients show missense
mutations in either 609, 611, 618, 620 (in exon 10) or
630 and 634 (in exon 11) codons corresponding to the
protected extracellular cysteine-rich domains of RET
receptor.25,26 In MEN-2B subtype, mutations are most
commonly observed in the codon 918 of exon 16.27 As
mentioned, mutations in extracellular cysteine-rich
domains (i.e. 609, 611, 618, and 620 codons of exon 10,
and 630, and 634 codons of exon 11) lead to RET tyrosine
kinase autophosphorylation in the absence of ligands. In
addition, mutations in the intracellular tyrosine kinase

region (such as exon 16; codon 918) do not affect the
receptor dimerization, but activate intracellular signaling
pathways which lead to tumorigenesis.28 Furthermore,
insertions and deletions have been detected in exons 10,
11, 13, and 15, though they are less common.29
In general, investigating RET mutations is necessary for
clinical assessment of sporadic MTC and MEN-2 carriers.
In addition, based on the nature of RET mutations, it is
possible to estimate invasive behavior of tumors. Recent
studies show that the effect of different MTC inhibitors
is related to the type of RET mutations, highlighting
their importance in clinical setting.22 Screening RET
gene mutations in sporadic MTC cases has resulted in
variable frequencies from 12% to 100%. The Met918Thr
mutation is observed in 5%-66% of MTC patients.30 The
number of screened exons and variable sample sizes can
explain the variable rates of RET mutations in sporadic
MTC. Sampling methods could also have been effective
in causing these differences. The Met918Thr somatic
mutation in the tyrosine kinase domain of exon 16 of
RET may exert an adverse clinical outcome in sporadic
MTC. In a study by Moura et al, 51 patients with MTC
were evaluated of whom 33 (64.7%) revealed somatic
mutations in RET [3 (9.1%) patients in exon 10, 7 (21.2%)
patients in exon 11, and 20 (60.6%) patients in exon
16]. With respect to RET mutations, these researchers
identified three groups of patients: (1) those with
mutations in exon 16, 2) those with mutations in other
exons, and (3) patients without mutations. Patients in the
first group demonstrated a higher prevalence of lymph
node metastasis and multifocal tumors.30
Conclusion
RET somatic mutations result in more aggressiveness
and poorer prognosis in patients with MTC. Thus,
detecting these mutations can be helpful in the diagnosis,
prognosis, and follow-up of these patients. In the present
study, out of 33 (60.6%) patients, 20 cases were identified
with mutations in exons 10, 11, and 16. This shows the
necessity of screening RET mutations in MTC patients.
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