
Meta Gene 6 (2015) 69–71

Contents lists available at ScienceDirect

Meta Gene
Absence of somatic mutations of the mTOR gene in differentiated
thyroid cancer
Avaniyapuram Kannan Murugan a,1, Eman A. Humudh a,c,1, Ebtesam Qasem a, Hindi Al-Hindi b,
Mai Almohanna a, Zeinab Korany Hassan c, Ali S. Alzahrani a,⁎
a Molecular Endocrinology Section, Department of Molecular Oncology, King Faisal Specialist Hospital and Research Center, Riyadh, Kingdom of Saudi Arabia
b Department of Pathology, King Faisal Specialist Hospital and Research Center, Riyadh, Kingdom of Saudi Arabia
c Department of Zoology, King Saud University, Riyadh, Kingdom of Saudi Arabia
⁎ Corresponding author at: Division of Molecular E
Molecular Oncology, King Faisal Specialist Hospital & R
Research Center (MBC 03), Riyadh-11211, Saudi Arabia.

E-mail address: aliz@kfshrc.edu.sa (A.S. Alzahrani).
1 Co-first authors.

http://dx.doi.org/10.1016/j.mgene.2015.08.005
2214-5400/© 2015 The Authors. Published by Elsevier B.V
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 21 April 2015
Accepted 24 August 2015
Available online xxxx

Keywords:
mTOR Mutation
Oncogene
Thyroid
PI3K/Akt signaling
MTOR
Thyroid cancer is the most common endocrine malignancy with increasing incidence. Mammalian target of
rapamycin (mTOR) is an important downstreammediator of phosphatidylinositol 3-kinase (PI3K/Akt) signaling
and regulates cell growth, apoptosis and metabolism. The mTOR gene is frequently mutated in human cancers.
Although PI3K/Akt pathway and its component genes were extensively studied in thyroid cancer, it is not
knownwhethermTOR gene is somatically mutated and play a role in differentiated thyroid cancer (DTC). To de-
termine the status ofmTORmutations in 53DTC,we extensively examined19 selected exons ofmTORgenewhich
were reported to be frequentlymutated in other human cancers. Unlike in other human cancers, we did not find
common somaticmutations in themTOR gene in differentiated thyroid cancer, except for some synonymous sin-
gle nucleotide polymorphisms. Our results suggest thatmTORmutation is very rare andmay not play a significant
role in DTC.

© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Thyroid cancer is the most common endocrine malignancy with in-
creasing incidence inmanyparts of theworld. The follicular cell-derived
thyroid cancer is histologically classified into differentiated thyroid can-
cer (DTC), poorly differentiated thyroid cancer (PDTC) and anaplastic
thyroid cancer (ATC). DTC is further classified to papillary (PTC) and
follicular thyroid cancer (FTC). Genes of the mitogen-activated protein
kinase (MAPK) signaling (EGFR, Ras, BRAF, RET/PTC, etc.) and
phosphatidylinositol-3 kinase/Akt (PI3K/Akt) signaling (ALK, PIK3CA,
PTEN, AKT1, etc.) pathways are the most frequently mutated genes in
thyroid cancer (Xing, 2013; Murugan et al., 2011). Aberrant activation
of thesemajor signaling pathway genes results in uncontrolled cell divi-
sion, proliferation, invasion andmetastasis. (Liu et al., 2008;Murugan &
Xing, 2011). mTOR is a serine/threonine kinase that is an important
downstream mediator of the PI3K/Akt signaling pathway. The mTOR is
a key regulator of protein synthesis, cell size and growth, apoptosis,
andmetabolism in response to nutrients, growth factors and cellular en-
ergy. It is frequently deregulated in many types of human cancers
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(Cornu et al., 2013). Recently, whole exome sequencing of ATC showed
9% (2/22) of somatic point mutations (R164Q and M2327I) in mTOR
gene (Kunstman et al., 2015). AnmTOR mutation (F2108L) has also re-
cently been found in a whole exome sequencing of a patient with ATC
(Wagle et al., 2014). However, to our knowledge, systematic search
formTORmutations in DTC in a large sample using conventional methods
has not been undertaken despite the importance of the PI3K/Akt pathway
and its component geneswhichwere extensively studied in thyroid cancer
(Liu et al., 2008). We therefore, analyzed themTORmutations both in be-
nign and follicular cell-derived DTC in a series of patients including a sam-
ple with highly aggressive histopathological features from Saudi Arabia.

2. Materials and methods

We initially analyzed 63 thyroid neoplasms that include 10 benign
multi nodular goiters and 53 DTC (41 classical papillary thyroid cancer
(CPTC), 7 follicular variant (FVPTC), 1 tall cell variant, 1 hurthle cell can-
cer, 1 columnar cell variant PTC, and 2 PDTC). After obtaining an institu-
tional review board (IRB) approval, the tumor samples were carefully
examined by an endocrine pathologist and 10 μm tumor samples
were dissected from formalin fixed paraffin embedded tissue. Genomic
DNA was extracted using the Gentra Puregene DNA extraction kit
(Qiagen, Valencia, CA) according to the manufacturer's instruction.
The primers were designed to encompass the exon and the exon-
intron boundaries (Table 1). Since the mTOR gene is large with 58
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1
Primers used for PCR amplification of themTOR gene.

Exons Sense (5′→3′) Antisense

1 GTGACCAGGGCCATAAGTAAAT GACAGGTTGGGTGCCTTTAT
2 CCACCACCACAGTTAGAGAATTA CAGGGCTGCTGCTAGAATTA
3 CCTCCCAAAGTGCTAGGATTAC CCACCACACCATGCTAGATT
4 TCCTGGTGTGTATGGCTCTAA TTTGCTAGTGGTGGGAATGG
5 TAGATGGGATGGGCCTGTAT CTTGCCTCGCTCACAGAAT
6 TAGTTGCGTTTCGGGATTAGG ACACCTGAGAGAGGAAGGATAA
8 CCTAACCCTGACCTGGAGC TGGGCGTAAGCTCCGTGGA
12 AATCTTCCCACTACGCTGATG CAGGGAAACATTTGGACCTTTG
16 TCTCGTACTGGCTCATTGAATC CCATCGTCCCAGCAAAGT
21 GCTGCGTGTCCTTAGATACTT GAAAGATGGCCTGGGAACTTA
25 AATTGGCCCTTGAAACTGATTG AGATGCTACAGTATGAGCTTGTT
29 AGCAGCACATTAGGAAAGAGAG CTGAAGTGAGAACTCCGTGTG
38 CCATTTCTGAGTGTCTCCTTGA GCAGTGCTGGATGGTAGATAG
42 CTGGTAGTCTCAAGCAGATGTT TGGAGACACAGGAGGTACTATT
46 GAGCTGAGGACCTCTGATGTA CATGCCTGGCTCCCTAATTT
50 AGATAGCACCACTGCCTTC GACCTTACATATACAATAC
51 ATCGTTTGCCAACTCCTAG TTAACTACAGCCTTGGTAG
52 TTGCTTTGGGTGGAGAGTTAG CCAGTCTCAGGCAGTTCTTTAT
55 CCTGTTGTATTGCTCCCATTCT GTGCCAAAGCTCGTCACTAA
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exons, we choose exons that were previously reported to be frequently
mutated in other human cancers (exons 1, 2, 3, 4, 5, 6, 12, 16, 21, 25, 29,
38, 42, 46, 50, 51, 52, and 55) based on the COSMIC (Catalog of Somatic
Mutations in Cancer) Database, UK. (http://cancer.sanger.ac.uk/
cancergenome/projects/cosmic/). The PCR conditions were as follows:
initial denaturation at 95 °C for 5 min followed by 35 cycles of denatur-
ation at 95 °C for 1 min, annealing at 59 °C for 45 s, and extension at
72 °C for 45 s. This was followed by a final extension step at 72 °C for
7 min. We amplified the selected exons by polymerase chain reaction
(PCR) and directly sequenced the PCR product using the Big Dye termi-
nator v3.1 cycle sequencing ready reaction kit (Applied Biosystems).
Identified genetic variants were confirmed in forward and reverse
Fig. 1. Identification ofmTOR genetic variants. A) Schematic diagram of domains ofmTOR protei
cer. B) The sequencing results were shownwith a representative sense and antisense sequence
directions. After the completion of screening of the 63 samples for the
exons mentioned above and in order to increase the chance of finding
mutations, we then extended our search for mTOR mutations to 21 se-
lected high grade tumors (large tumors with extra-thyroidal extension
and lymph node metastases and/or distant metastases) and limited
our search to the most frequently previously described mutated exons
(1, 3, 21, 38, 42, 46, and 55). GenBank accession number of mTOR
gene is NM_004958.3.

3. Results

Irrespective of our approach, neither the initial screening of 63 ran-
domly selected thyroid tumors (exons 1, 2, 3, 4, 5, 6, 12, 16, 21, 25, 29,
38, 42, 46, 50, 51, 52, and 55) nor the further search in the 21 high
grade thyroid cancer revealed mTOR mutations (exons 1, 3, 21, 38, 42,
46, 50, 51, 52 and 55). Nonetheless, as illustrated in Fig. 1, we found a
rare synonymous genetic variant resulting in CNG transversion
(C663G) in 1 out 63 samples (1.6%) and a frequent synonymous variant
resulting in CNT transition (C5333T) in 14 out of 84 samples, (16%).
Both of these single nucleotide polymorphisms (SNPs) have been re-
ported (C663G, rs112439072; C5553T, rs2275527) in the SNP databases
(http://www.ncbi.nlm.nih.gov/projects/SNP/) and (http://asia.
ensembl.org/Homo_sapiens/Transcript/Variation_Transcript/).

4. Discussion

ThemTOR and its canonical signaling pathway has been shown to be
frequently deregulated in human cancer and has become a major ther-
apeutic target. Point mutations of the mTOR gene are expected to play
an important role in tumorigenesis and tumor invasion as it has been re-
cently demonstrated that artificially induced mutations of conserved
amino acids in mTOR exhibit gain-of-function and oncogenic potential
both in vitro and in vivo (Murugan et al., 2013). Furthermore, natural
n showing single nucleotide polymorphisms (T221T and S1851S) identified in thyroid can-
chromatogram of single nucleotide polymorphisms found in exons 4 and 38, respectively.
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somaticmTORmutations identified in other types of human cancer have
also been shown to be activating mutations leading to increased
rapamycin sensitivity (Grabiner et al., 2014). mTOR mutations have
rarely been investigated in thyroid cancer. However, in a patient with
ATC, an mTOR mutation was identified and shown to confer resistance
to allosteric mTOR inhibition, although this mTOR mutation has been
shown to be sensitive to mTOR kinase inhibitors (Wagle et al., 2014).
Therefore, findingmTORmutations in a patient not only becomes an im-
portant factor in the selection of cancer treatment but might be a valu-
able and promising prognostic marker.

In this report, we found two previously reported SNPs but no other
genetic variants. These results suggest that somatic mutations of the
mTOR gene are rare in DTC and genetic alterations of mTOR gene may
not play a significant role in thepathogenesis of this cancer. Geneticmu-
tations in other genes in the PIK3/AKT pathway including PIK3CA, PTEN,
and AKT have been described in thyroid cancer, mostly in PDTC. It has
also been reported that other genetic deregulation of the genes of
PI3K/Akt signaling pathway is common in PDTC (Liu et al., 2008) but
not DTC wherein the majority of the MAPK pathway genes are com-
monly mutated (Xing, 2013). Furthermore, as the previously reported
mTOR mutations were from patients with ATC, we considered the
possibility that mTOR mutations might be limited to high grade PTC.
However, our search for mTOR mutations in 21 such samples in the
most frequently mutated exons yielded no mutations. We have ana-
lyzed a large number of previously reportedly mutated mTOR exons.
However, it is also possible that mTOR mutations occur in the other
non-analyzed exons ofmTOR andmay also occur in other ethnic groups.
To the best of our knowledge, this is the first study that systematically
analyzed a large number of mTOR exons for mutations in a relatively
large sample of thyroid cancer using standardmethods of PCR and Sang-
er sequencing.

Despite the low yield of mutations in this study, further studies from
other ethnic backgrounds are warranted focusing on more advanced
thyroid cancer types and analyzing all exons ofmTOR in order to make
definitive conclusions on the role of themTORmutations in thyroid can-
cer and its sub-types.
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