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Abstract  

Context: Anaplastic thyroid carcinoma (ATC) is poorly differentiated subtype of thyroid cancer which 

either resistant to radioactive iodine (RAI) therapy or conventional chemotherapy. Each process of the 

biological characteristics in normal thyroid cells, including iodide uptake by sodium-iodide symporter 

(NIS), synthesis of thyroglobulin (Tg), expression of thyroid peroxidase (TPO) and receptor for 

thyrotropin (TSHR), can be an onset stage for emerging thyroid carcinoma. Decrease or absence of NIS 

mRNA in thyroid carcinomas has well described for resistant to RAI therapy in these patients.  

Evidence Acquisition: The original articles related to the role of the BRAF mutations on the 

sodium-iodide symporter functions and radioiodine uptake in patients with anaplastic thyroid carcinoma 

were found by a search in Scopus, PubMed, Science direct, Springer and some else with an emphasis on 

literature published in the recent years.  

Results: The related studies disclosed that mutations in the mitogen-activated protein kinase (MAPK) 

pathway happen in more than 90% of thyroid cancer. Also serine/threonine-protein kinase BRAF is an 

important component of the MAPK pathway. Its mutations cause reduction of NIS mRNA compared to 

tumors with other mutations. 
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Introduction 

The most widespread endocrine malignancy auditing for 1% of cancers worldwide, is thyroid cancer 

[1]. The annual incident rate of thyroid cancer in various parts of the world is approximately about 0.5 

to 10 in every 100,000 individuals [2]. Benign follicular adenomas, well-differentiated papillary and 

follicular carcinomas, and also aggressive anaplastic carcinoma are the phenotypes of tumors extracted 

from thyroid epithelial cells [3]. Well differentiated tumors are more than 95% of thyroid cancers that 

respond to thyroid hormone suppression and surgery followed by radioactive iodine (RAI) therapy. 

Although repeat occurrence of disease occurs in about 30% of cases [4]. 

   Anaplastic thyroid carcinoma (ATC) is poorly differentiated subtype of thyroid cancer that 

accounts for 2% to 5% of all thyroid cancers [5] which either resistant to RAI or conventional 

chemotherapy [6]. This cancer may initiate de novo or evolve from papillary or follicular thyroid 

carcinomas [7]. Scilicet, in 50% of the patients, it may occur following a long-term history of goiter, 

thyroid adenoma, papillary or follicular carcinoma [8]. Swift growth and distribution with a rapidly 

growing neck mass are characteristic of the clinical course of anaplastic thyroid carcinoma. For most 

patients, complete surgical excision is not possible, and radiation and chemotherapy are not efficient. 

The time of morbidity to mortality in all anaplastic thyroid carcinoma patients are 2 to 7 months [9], 

with a 10-years survival of approximately 3 percent [10]. In this malignancy, tumor cells usually 

permeate into encircling tissues at the time of diagnosis, and have undesirable prognosticated. Among 

thyroid carcinomas, ATC is the third in frequency at a rate of 1.6% after papillary and follicular 

carcinomas [11]. It can be seen at any age; however, it is more common between 60 and 70 years old, 

and women are five times more susceptible to developing the cancer [12].  

   Each process of the biological characteristics in normal thyroid cells, including iodide uptake by 

Sodium-Iodide Symporter (NIS), synthesis of thyroglobulin (Tg), expression of thyroid peroxidase 

(TPO) and receptor for thyrotropin (TSHR), can be an onset stage for emerging thyroid carcinoma 

[13]. Survey the related studies demonstrated that expression of NIS, TPO, Tg and TSHR gradually 

decrease in thyroid cancers [14, 15]. Also, decrease or absence of NIS mRNA in thyroid carcinomas 

has well described [16]. While immunohistochemistry studies have investigated that NIS protein is 

overexpressed in the cytoplasm of many thyroid tumor cells [15].  

   Over all of, somatic gene mutations in components of the principal oncogenic pathways such as: 

mitogen-activated protein kinase (MAPK), phosphatidylinositol 3-kinases (PI3K), Wnt/β-catenin 

pathway, hedgehog signaling pathway, etc. high occur in ATC [17]. The related studies exhibited that 

mutations in the MAPK pathway happen in more than 90% of thyroid cancer [18, 19]. Also 

serine/threonine-protein kinase BRAF is an important component of the MAPK pathway [20]. In this 

review article, we survey the mechanism of BRAFV600E mutation, its effects on sodium-iodide 

symporter (NIS) functions in thyroid cells and outcomes inhibition of this gene on radioiodine uptake 

by thyroid tumor cells in radioactive iodine therapy manner.  

Evidence acquisition 

The original articles related to the role of the BRAF mutations on the sodium-iodide symporter 

functions and radioiodine uptake in patients with anaplastic thyroid carcinoma were found by a search 

in Scopus, PubMed, Science direct, Springer and some else. We used related keywords like: BRAF 

mutation, BRAF signaling, anaplastic thyroid carcinoma, sodium-iodide symporter with an emphasis 

on literature published in the fifteen recent years (2000-2015). 
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Results 

(A) MAPK signaling  

Mitogen-activated protein kinase (MAPK) signaling system be made up of distinct pathways that act 

to control several dissimilar cellular processes such as gene transcription, synaptic plasticity motility, 

cell proliferation, apoptosis, metabolism and long-term memory. MAPK pathway includes three main 

signaling pathways: Extracellular-signal-regulated kinase (ERK) pathway, c-Jun N-terminal kinase 

(JNK) pathway and p38 pathway that able to activate various downstream effectors. Furthermore, 

these different pathways are joined by combining parts from an extensive mitogen-activated protein 

kinase (MAPK) signaling toolkit [21].  

   The MAPK kinase kinases (MAPKKKs), MAPK kinases (MAPKKs), MAPKs, MAPK scaffolding 

and target proteins as diverse transducers are composed of each mitogen-activated protein kinase 

(MAPK) signaling toolkit [22]. The rapidly accelerated fibroblast (RAF) family of serine/ threonine 

kinases, the MAPK/extracellular-signal-regulated kinase MEK1/2, and ending with the extracellular 

signal-regulated kinase (ERK), are components of the major group of the kinases in the MAPK 

pathway [23]. Activation of the MAPK pathway is a frequent event in many cancers [24].  

  

 

 

 

 

 

 

 

 

 

 

 

                   

 

 

 

 

 

 

 

Figure 1. Schematic overview of ERK pathway activation. Both protein tyrosine kinase-linked receptors 

(PTKRs) and G protein-coupled receptors GPCRs capable activate this pathway. For the PTKRs, ligand 

binding usually cause receptor dimerization, which allows the cytosolic tyrosine kinase domains to come 

together and to phosphorylate each other. These phosphorylated residues, then function as docking motifs to 

pull in signaling components such as Shc, growth factor receptor-bound protein 2 (Grb2) and Son-of-seven 

less (SoS) that then activate the small GTP binding protein RAS. Then, activated Ras interacts with the 

protein kinase RAF, which initiates the phosphorylation cascade of the ERK pathway. The activated 

phospho-ERK1/2 leaves the plasma membrane to diffuse into the cytoplasm and then into the nucleus, 

where it phosphorylates and activates a number of transcription factors that control the expression of genes, 

which are required for proliferation, differentiation and survival [Reviewed by ref. 26, 27].  
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(B) ERK pathway 

The extracellular-signal-regulated kinase (ERK) pathway is one of the major signaling cassettes of the 

MAPK signaling pathway. Control of cell proliferation and the synaptic plasticity responsible for 

learning and memory are important example of its signaling functions [25].  

   Both protein tyrosine kinase-linked receptors (PTKRs) and G protein-coupled receptors GPCRs 

can activate this pathway. For the PTKRs, growth factors such as platelet-derived growth factor 

(PDGF) or epidermal growth factor family (EGF) usually cause receptor dimerization, which allows 

the cytosolic tyrosine kinase domains to come together and to phosphorylate each other. These 

phosphorylated residues, then function as docking motifs to pull in signaling components such as Shc, 

growth factor receptor-bound protein 2 (Grb2) and Son-of-seven less (SoS) that then activate the small 

GTP binding protein Ras. Then, activated Ras interacts with the protein kinase RAF, which initiates 

the phosphorylation cascade of the ERK pathway. The activated phospho-ERK1/2 leaves the plasma 

membrane to diffuse into the cytoplasm and then into the nucleus. Afterward, it phosphorylates and 

activates a number of transcription factors [26] such as the E26 transformation specific (ETS) family, 

as well leads to genes expression that promote cell growth, differentiation and survival (Fig. 1), [27]. 

 

  (C) BRAF 

BRAF gene located on chromosome 7q34 and encodes a cytoplasmic serine threonine kinase protein. 

This protein is trans-located on the cell membrane after being bound and activated by RAS, which 

results in the phosphorylation and activation of mitogen activated protein kinase (MAPK) and other 

downstream targets of the MAPK signaling pathway. It accountable for controlling cell proliferation 

and differentiation through the MAPK pathway and has an important role in the regulation of the MAP 

kinase/ERK signaling pathway [23, 28].  

In mammalian cells, three isoforms of the serine threonine kinase RAF, containing ARAF, BRAF 

and CRAF (RAF1) with different tissue expression rates, are reported [29]. Mutation and improper 

activity of this gene may result in a pro-mitogenic force, causing apoptosis resistance, tumor 

progression, abnormal differentiation and proliferation of many human cancers such as hairy cell 

leukemia [30,31], multiple myeloma [31,32], colorectal cancer [31], colon cancer [33], non–small-cell 

lung cancer (NSCLC) [34], ovarian carcinomas [35], 1–3% of lung cancer [36], melanoma [37], more 

than 50% of papillary thyroid carcinoma [38,39] and 25% of anaplastic thyroid carcinoma [5,40]. 

At the first time, a mutation in BRAF gene has been described in 2002 [31]. Most often, mutation 

occurred in either exon 11 or 15 across all malignancies and at a thymine-to-adenine transversion at 

nucleotide 1799 (originally listed as 1796), which leading to a valine to glutamic acid change at codon 

599 (V599E). At a later time, because of a nomenclature change, it renamed to V600E [31, 41]. 

Naturally, the most important BRAF V600 mutation is V600E and other mutations such as V600K, 

V600M, V600R, V600D and V600G are less common [42].  

Hydrophobic interactions between the activation loop and the ATP binding site maintain the 

dephosphorylated wild-type BRAF protein in an inactive structure. Conformational change, due to 

V600E mutation, is believed to mimic the phosphorylation in the activation segment. Indeed, by 

insertion of an acidic residue closes to a site of regulated phosphorylation (at serine 598), cause the 

G-loop segment activation of BRAF and capable bind to MEK and ERK as a monomer [43]. Therefore 

mutated BRAF, persists continuous phosphorylation of MEK and elevation ERK phosphorylation and 

resulting in target genes transcription. Whereas, it is resistant to negative feedback signals such as 

MAPK phosphatase 1 (MKP1) that attempt to counterbalance the ERK activation [44].  

Furthermore chromosomal rearrangement that leads to BRAF fusion to AKAP9 can also BRAF 
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activation, which similar to the BRAFV600E mutation [45]. Moreover, another mechanisms, for 

example: RET gene mutation, which expresses RET proto-oncogene as a transmembrane receptor 

tyrosine kinase, can activate the RAF-MEK-ERK signaling pathway [46]. We investigate this gene in 

medullary thyroid carcinoma in several studies [47-50]. 

 

  (D) Sodium-Iodide Symporter 

The iodide supply of the thyroid gland involves a two-step transport process. The first step of talent 

transport and concentrate iodide within the thyroid gland is defined in the production of the 

iodine-containing thyroid hormones. In the polarized thyroid follicular cells, iodide uptake occurs 

across the basolateral membrane protein, which is named sodium-iodide symporter or SLC5A5, in an 

active iodide transport manner during directed Na+ gradient [51]. The second step is passive transport 

across the apical plasma membrane. The proteins insuring in this step are two potential apical iodide 

transporters belonging to the sodium/glucose co-transporter SLC family. One of them is a 110-kDa 

protein which named pendrin. It is a chloride/bicarbonate or formate exchanger and encoded by the 

PDS gene or SLC26A4 [52]. Another protein for the apical iodide transporter is AIT. It is a 69-kDa 

protein that encoded by the SLC5A8 gene and sharing 46% identity with human Na+/I- symporter [53].  

Sodium-iodide symporter (NIS), is one of the thyroid iodide-metabolizing proteins. It is an 

integral plasma membrane glycoprotein with 13 putative transmembrane domains and expressed at the 

highest level in the thyroid cells and lactating breast [51, 54]. Regulation of NIS mRNA expression in 

thyroid follicular cells, is binding of transcription factors such as PAX8 and cAMP responsive element 

binding protein to the NIS upstream enhancer in response to TSH stimulation [55]. The effectiveness 

of radioactive iodine (RAI) ablation in RAI therapy after thyroidectomy is dependent on active 

intracellular transport and trapping of iodine by the NIS protein [56].  

Based on the related studies, 25% of primary well-differentiated thyroid tumors such as papillary 

thyroid carcinoma (PTC) and 50% of aggressive anaplastic thyroid carcinoma are RAI resistant 

(RAIR). Therefore, efficiency of medical therapies after thyroidectomy are limited [57]. In addition, 

the loss of radioactive iodine (RAI) uptake by thyroid cancer cells for survival and mortality rates, is 

important [58]. Most often the mechanism of iodine radiotherapy resistance begins through decreased 

expression of thyroid iodide-metabolizing genes such as: thyroperoxidase, thyroid stimulating 

hormone (TSH) receptor, sodium-iodide symporter (NIS) and thyroid transcription factor 1 in the 

process of dedifferentiation [15, 59, 60].  

 

  (E) BRAF V600E and Sodium-Iodide Symporter 

A result of conditional activation of BRAFV600E is effected on sodium-iodide symporter gene 

expression in thyroid cells [60-62]. BRAF gene mutations cause reduction of NIS mRNA level 

compared to tumors with other mutations or with no identifiable genetic changes in human thyroid 

cancers [63]. Several regulatory mechanisms of NIS gene expression in thyroid carcinomas have been 

evaluated. One of them has been described in activation of TGFβ/Smad signaling. In normal thyroid 

cells, activation of BRAF induced TGFβ/Smad signaling activation. Transforming growth factor 

(TGF) β acting via Smad is a potent repressor of NIS gene expression in normal thyroid epithelial cells. 

Therefore, impact of BRAF mutation and severity activation of TGFβ/Smad signaling are noticeable 

reasons for NIS gene repression induction [64].  

CpG island methylation at promoter region, is another regulation mechanism of NIS gene 

expression in thyroid carcinomas. It is an important epigenetic alteration to silence several genes in 

various cancers [65], such as: colorectal cancer [66], pancreas cancer [67], and papillary thyroid 

carcinoma [68]. 
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In addition, reports of related studies demonstrated that BRAF mutations impair the NIS protein 

targeting to the plasma membrane [69]. This occur is justifiable evidence for loss of RAI avidity and 

resistant to RAI therapy in patients with BRAF mutations [60, 70]. 

 

  (F) Targeting BRAF signaling pathway as therapeutic targets 

The standard treatment of thyroid carcinoma is surgery followed by radioiodine remnant ablation [71]. 

Usually BRAF mutations cause tumor cells to be dedifferentiated and to have lost the expression of 

the sodium–iodide symporter (NIS), so they cannot concentrate radioiodine on RAI therapy [72]. 

However the results of immunohistochemistry studies verified that, in some thyroid cancer samples 

NIS protein is over expressed intracellular and cannot localize in plasma membrane [73]. In addition 

BRAF mutations bring about up-regulate various tumor-promoting molecules and cause thyroid 

carcinomas to be so aggressive and mortality [74]. Indeed, it is strongly associated with poor 

prognosis of thyroid cancer, including hostile pathological characteristics, increased repetition rates 

and failure of treatment [75].  

Strategy of target therapy was interfering in a specific molecular target, which has a critical role in 

tumor growth and progression without harming normal cells. Current knowledge about molecular 

biology of thyroid carcinomas can be useful for target therapies and better treatment in advanced 

thyroid carcinomas such as ATC [76]. Usually this type of treatment has been applied especially to 

oncogenic protein kinases [77], and targeting BRAF in thyroid cancer [78]. The results of related 

studies have been shown that BRAF V600E mutation is associated with preferential sensitivity to 

MEK inhibition in human cancer [79]. 

Several molecules, including antisense drugs [80], histone deacetylase inhibitors [81] such as: 

valproic acid [82], retinoic acids [83], and also BRAF inhibitors like as: sorafenib, vemurafenib 

(PLX4032), RAF265, PLX4720, XL281 with different selectivity, have been developed. Treating the 

patients at the based on inhibition of BRAF signaling able to induce reexpression of NIS gene. These 

drugs can inhibit the cancer cells proliferation, survival, motility, and their invasion in vivo and in 

vitro [84-86]. Besides, MAPK inhibitors can persuade to restore the expression of NIS gene in patients 

with BRAF mutations and enhanced radioiodine uptake in RAI therapy [87]. Selumetinib (AZD6244; 

ARRY-142886) is a tight-binding, uncompetitive inhibitor of MEK1/2 that develop in clinical 

currently. It is one of the MAPK inhibitor, which can inhibit BRAF [88], and enhanced radioiodine 

uptake in advanced thyroid cancer [89]. 

In 2008 Nikolas K. Haass and colleagues indicated that in a two-dimensional cell culture, 

AZD6244 was cytostatic and decreased the growth of melanoma cells in a dose-dependent manner 

through the induction of G1-phase cell cycle arrest. Also, in the three-dimensional spheroid model, the 

effects of AZD6244 was largely cytostatic and reversible, with drug washout leading to spheroid 

regrowth. Finally, AZD6244 treatment reduced phospho-ERK in the tumors and meaningfully 

suppressed tumor growth. Furthermore followed these studies, they revealed that co-administration of 

MEK inhibitor and chemotherapy drug, potentially lead to tumor regression [90]. In addition, 

AZD6244 is a potent and effective MEK1/2 inhibitor. It can revoke activation of ERK1/2 in response 

to activation of transient expression of KRASV12. Also it can repeal the BRAF600E, KRAS12V or 

KRAS13D genes expression in tumor cells [91].  

 

Conclusion 

Chemotherapy drugs have failed in clinical trials for anaplastic thyroid carcinoma. Therefore, novel 

approaches to ATC therapy are needed. Surgery followed by radioiodine remnant ablation is the 

standard care for thyroid cancer patients. Radiation therapy is very specific and has a low rate of 
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adverse effects. Sometimes iodine uptake options are few and survival is poor. NIS protein, which has 

important role and is necessary for iodine uptake, is regulated at different levels, such as: 

transcriptional, translational, posttranslational, targeting and intracellular distribution. Nevertheless, 

NIS protein levels in thyroid cancers were reported to be higher than in normal tissue, impaired iodide 

uptake were seen in some thyroid carcinoma patients. Therefore NIS dysfunction can be caused by 

absent or decreased NIS gene expression and by damaged targeting plasma membrane localization and 

often not polarized but present at the apical and basal membrane. Recent advances studies in the 

genomic alterations of ATC and NIS regulation have brought about the possibilities of new therapeutic 

approaches for patients which are resistant to radioactive iodine in RAI therapy. Usage target therapy 

can be beneficial in selective target therapy for effective treatments and increase the survival of ATC 

patients.  

References 

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer statistics. CA Cancer J 

Clin. 2011, 61(2):69-90 

2. Pellegriti G, Frasca F, Regalbuto C, Squatrito S, Vigneri R. Worldwide increasing incidence of 

thyroid cancer: update on epidemiology and risk factors. J Cancer Epidemiol. 2013, 2013:1-10 

3. Xing M. Molecular pathogenesis and mechanisms of thyroid cancer. Nat Rev Cancer. 2013, 

13(3):184-199 

4. Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee SL, Mandel SJ,et al. Revised American 

Thyroid Association management guidelines for patients with thyroid nodules and differentiated 

thyroid cancer. Thyroid. 2009, 19(11):1167-1214 

5. Smallridge RC, Marlow LA, Copland JA. Anaplastic thyroid cancer: molecular pathogenesis and 

emerging therapies. Endocr Relat Cancer. 2009, 16(1):17-44 

6. Gervasi R, Orlando G, Lerose MA, Amato B, Docimo G, Zeppa P, et al. Thyroid surgery in 

geriatric patients: a literature review. BMC Surg. 2012, 12(1):1-16 

7.  Quiros RM, Ding HG, Gattuso P, Prinz RA, Xu X. Evidence that one subset of anaplastic thyroid 

carcinomas are derived from papillary carcinomas due to BRAF and p53 mutations. Cancer. 2005, 

103(11):2261-2268 

8. Reddi H-V, Kumar A, Kulstad R. Anaplastic thyroid cancer an overview of genetic variations and 

treatment modalities. Advances in Genomics and Genetics. 2015, 5:43-52 

9. Ragazzi M, Ciarrocchi A, Sancisi V, Gandolfi G, Bisagni A, Piana S. Update on Anaplastic 

Thyroid Carcinoma: Morphological, Molecular, and Genetic Features of the Most Aggressive 

Thyroid Cancer. Int J Endocrinol. 2014, 2014:1-13 

10. Kondo T, Ezzat S, Asa SL. Pathogenetic mechanisms in thyroid follicular-cell neoplasia. Nat Rev 

Cancer. 2006, 6(4):292-306 

11. Oktay MH, Smolkin MB, Williams M, Cajigas A. Metastatic anaplastic carcinoma of the thyroid 

mimicking squamous cell carcinoma: report of a case of a challenging cytologic diagnosis. Acta 

Cytol. 2006, 50(2):201-204 

12. Gunes P, Aker FV, Erkan M, Demirturk P, Dulundu E. Incidental anaplastic thyroid carcinoma: A 

case report. Turkish J Pathol. 2008, 24(1):54-58 

13. Biondi B, Cooper DS. Benefits of thyrotropin suppression versus the risks of adverse effects in 

differentiated thyroid cancer. Thyroid. 2010, 20(2):135-146 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Jemal%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21296855
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bray%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21296855
http://www.ncbi.nlm.nih.gov/pubmed/?term=Center%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=21296855
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ferlay%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21296855
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ward%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21296855
http://www.ncbi.nlm.nih.gov/pubmed/?term=Forman%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21296855
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pellegriti%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23737785
http://www.ncbi.nlm.nih.gov/pubmed/?term=Frasca%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23737785
http://www.ncbi.nlm.nih.gov/pubmed/?term=Regalbuto%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23737785
http://www.ncbi.nlm.nih.gov/pubmed/?term=Squatrito%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23737785
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vigneri%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23737785
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Pellegriti+G%2C+Frasca+F%2C+Regalbuto+C%2C+et+al.+Worldwide+increasing+incidence+of+thyroid+cancer%3A+update+on+epidemiology+and+risk+factors.+Journal+of+cancer+epidemiology+2013%3B+2013%3A+1-10.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cooper%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=19860577
http://www.ncbi.nlm.nih.gov/pubmed/?term=Doherty%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=19860577
http://www.ncbi.nlm.nih.gov/pubmed/?term=Haugen%20BR%5BAuthor%5D&cauthor=true&cauthor_uid=19860577
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kloos%20RT%5BAuthor%5D&cauthor=true&cauthor_uid=19860577
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=19860577
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mandel%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=19860577
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gervasi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23173919
http://www.ncbi.nlm.nih.gov/pubmed/?term=Orlando%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23173919
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lerose%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=23173919
http://www.ncbi.nlm.nih.gov/pubmed/?term=Amato%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23173919
http://www.ncbi.nlm.nih.gov/pubmed/?term=Docimo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23173919
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zeppa%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23173919
http://www.ncbi.nlm.nih.gov/pubmed/?term=Quiros%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=15880523
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ding%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=15880523
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gattuso%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15880523
http://www.ncbi.nlm.nih.gov/pubmed/?term=Prinz%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=15880523
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=15880523
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oktay%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=16610690
http://www.ncbi.nlm.nih.gov/pubmed/?term=Smolkin%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=16610690
http://www.ncbi.nlm.nih.gov/pubmed/?term=Williams%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16610690
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cajigas%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16610690


 

 

 
Ivy Union Publishing | http: //www.ivyunion.org      ISSN 2572-5750     September 2, 2016 | Volume 5 | Issue 1 

 

Bozorg-Ghalati F et al. American Journals of Cancer Science 2016, 5:22-33                            Page 8 of 12 

 

7 

6 

14. Savin S, Cvejic D, Isic T, Paunovic I, Tatic S, Havelka M. The efficacy of the thyroid peroxidase 

marker for distinguishing follicular thyroid carcinoma from follicular adenoma. Exp Oncol. 2006, 

28(1):70-74  

15. Gerard AC, Daumerie C, Mestdagh C, Gohy S, Burbure CD,Costagliola S, et al. Correlation 

between the loss of thyroglobulin iodination and the expression of thyroid-specific proteins 

involved in iodine metabolism in thyroid carcinomas. J Clin Endocrinol Metab. 2003, 

88(10):4977-4983 

16. Sodré AK, Rubio IG, Galrão AL, Knobel M, Tomimori EK, Alves VA, et al. Association of low 

sodium-iodide symporter messenger ribonucleic acid expression in malignant thyroid nodules with 

increased intracellular protein staining. J Clin Endo crinol Metab. 2008, 93(10):4141-4145 

17. Bozorg-Ghalati F, Hedayati M. Relationship between PI3K mutation and sodium-iodide symporter 

in anaplastic thyroid carcinoma. American J Cancer Science. 2015, 4:63-77 

18. Hinterseher U, Wunderlich A, Roth S, Ramaswamy A, Bartsch DK, Hauptmann S, et al. 

Expression of hedgehog signaling pathway in anaplastic thyroid cancer. Endocrine. 2014, 

45(3):439-447 

19. Guerra A, Crescenzo VD, Garzi A, Mariapia C, Carlomagno C, Tonacchera M, et al. Genetic 

mutations in the treatment of anaplastic thyroid cancer: a systematic review. BMC Surgery. 2013, 

13(2):44-50 

20. Guerra A, Marotta V, Deandrea M, Motta M, Limone PP, Caleo A, et al. BRAF (V600E) 

associates with cytoplasmic localization of p27kip1 and higher cytokeratin 19 expression in 

papillary thyroid carcinoma. Endocrine. 2013, 44(1):165-171 

21. Johnson GL, Lapadat R. Mitogen-activated protein kinase pathways mediated by ERK, JNK, and 

p38 protein kinases. Science. 2002, 298(5600):1911-1912 

22. Morrison DK, Davis RJ. Regulation of MAP kinase signaling modules by scaffold proteins in 

mammals. Annu. Rev. Cell Dev Biol. 2003, 19:91-118 

23. Peyssonnaux C, Eychene A. The Raf/MEK/ERK pathway: new concepts of activation. Biol. Cell. 

2001, 93(1-2):53-62 

24. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell. 2011, 144(5):646-674 

25. Pouysségur J, Volmat V, Lenormand P. Fidelity and spatio-temporal control of MAP kinase 

(ERKs) signalling. Eur J Biochem Pharmacol. 2002, 64(5-6):755-763 

26. Berridge M J. Module 2, Cell Signalling Pathways. Portland Press Limited. 2012, 84-85 

27. Sharrocks AD. The ETS-domain transcription factor family. Nat Rev Mol Cell Biol. 2001, 

2(11):827-837 

28. Roskoski R Jr. RAF protein-serine/threonine kinases: structure and regulation. Biochem Biophys 

Res Commun. 2010, 399(3):313-317 

29. Daum G, Eisenmann-Tappe I, Fries HW, Troppmair J, Rapp UR. The ins and outs of RAF kinases. 

Trends Biochem Sci. 1994, 19(11):474-480 

30. Tiacci E, Trifonov V, Schiavoni G, Holmes A, Kern W, Martelli MP, et al. BRAF mutations in 

hairy-cell leukemia. N Engl J Med. 2011, 364(24):2305-2315 

31. Davies H, Bignell GR, Cox C, Stephens P, Edkins S, Clegg S, et al. Mutations of the BRAF gene 

in human cancer. Nature. 2002, 417(6892):949-954 

32. Andrulis M, Lehners N, Capper D, Penzel R, Heining C, Huellein J, et al. Targeting the BRAF 

V600E mutation in multiple myeloma. Cancer Discov. 2013, 3(8):862-869 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Savin%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16614712
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cvejic%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16614712
http://www.ncbi.nlm.nih.gov/pubmed/?term=Isic%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16614712
http://www.ncbi.nlm.nih.gov/pubmed/?term=Paunovic%20I%5BAuthor%5D&cauthor=true&cauthor_uid=16614712
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tatic%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16614712
http://www.ncbi.nlm.nih.gov/pubmed/?term=Havelka%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16614712
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sodr%C3%A9%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=18628528
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rubio%20IG%5BAuthor%5D&cauthor=true&cauthor_uid=18628528
http://www.ncbi.nlm.nih.gov/pubmed/?term=Galr%C3%A3o%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=18628528
http://www.ncbi.nlm.nih.gov/pubmed/?term=Knobel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18628528
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tomimori%20EK%5BAuthor%5D&cauthor=true&cauthor_uid=18628528
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alves%20VA%5BAuthor%5D&cauthor=true&cauthor_uid=18628528
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guerra%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23203004
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marotta%20V%5BAuthor%5D&cauthor=true&cauthor_uid=23203004
http://www.ncbi.nlm.nih.gov/pubmed/?term=Deandrea%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23203004
http://www.ncbi.nlm.nih.gov/pubmed/?term=Motta%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23203004
http://www.ncbi.nlm.nih.gov/pubmed/?term=Limone%20PP%5BAuthor%5D&cauthor=true&cauthor_uid=23203004
http://www.ncbi.nlm.nih.gov/pubmed/?term=Caleo%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23203004
http://www.ncbi.nlm.nih.gov/pubmed/12213567
http://www.ncbi.nlm.nih.gov/pubmed/?term=Daum%20G%5BAuthor%5D&cauthor=true&cauthor_uid=7855890
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eisenmann-Tappe%20I%5BAuthor%5D&cauthor=true&cauthor_uid=7855890
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fries%20HW%5BAuthor%5D&cauthor=true&cauthor_uid=7855890
http://www.ncbi.nlm.nih.gov/pubmed/?term=Troppmair%20J%5BAuthor%5D&cauthor=true&cauthor_uid=7855890
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rapp%20UR%5BAuthor%5D&cauthor=true&cauthor_uid=7855890
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tiacci%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21663470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Trifonov%20V%5BAuthor%5D&cauthor=true&cauthor_uid=21663470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schiavoni%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21663470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Holmes%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21663470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kern%20W%5BAuthor%5D&cauthor=true&cauthor_uid=21663470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Martelli%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=21663470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Davies%20H%5BAuthor%5D&cauthor=true&cauthor_uid=12068308
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bignell%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=12068308
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cox%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12068308
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stephens%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12068308
http://www.ncbi.nlm.nih.gov/pubmed/?term=Edkins%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12068308
http://www.ncbi.nlm.nih.gov/pubmed/?term=Clegg%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12068308
http://www.ncbi.nlm.nih.gov/pubmed/?term=Andrulis%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23612012
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lehners%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23612012
http://www.ncbi.nlm.nih.gov/pubmed/?term=Capper%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23612012
http://www.ncbi.nlm.nih.gov/pubmed/?term=Penzel%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23612012
http://www.ncbi.nlm.nih.gov/pubmed/?term=Heining%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23612012
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huellein%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23612012


 

 

 
Ivy Union Publishing | http: //www.ivyunion.org      ISSN 2572-5750     September 2, 2016 | Volume 5 | Issue 1 

 

Bozorg-Ghalati F et al. American Journals of Cancer Science 2016, 5:22-33                            Page 9 of 12 

 

7 

6 

33. Oliveira C, Pinto M, Duval A, Brennetot C, Domingo E, Espín E, et al. BRAF mutations 

characterize colon but not gastric cancer with mismatch repair deficiency. Oncogene. 2003, 

22:9192-9196 

34. Cardarella S, Ogino A, Nishino M, Butaney M, Shen J, Lydon C, et al. Clinical, pathologic, and 

biologic features associated with BRAF mutations in non-small cell lung cancer. Clin Cancer Res. 

2013, 19(16):4532-4540 

35. Cho YH, Kim DY, Kim JH, Kim YM, Kim KR, Nam JH, et al. Mutational analysis of KRAS, 

BRAF, and TP53 genes of ovarian serous carcinomas in Korean women. Yonsei Med. J 2009, 

50(2):266-272 

36. Pakneshan S, Salajegheh A, Smith RA, Lam AK. Clinicopathological relevance of BRAF 

mutations in human cancer. Pathology. 2013, 45(4):346-356 

37. Long GV, Menzies AM, Nagrial AM, Haydu LE, Hamilton AL, Mann GJ, et al. Prognostic and 

clinicopathologic associations of oncogenic BRAF in metastatic melanoma. J Clin Oncol. 2011, 

29(10):1239-1246  

38. Pelizzo MR, Dobrinja C, Casal Ide E, Zane M, Lora O, Toniato A, et al. The role of BRAF 

(V600E) mutation as poor prognostic factor for the outcome of patients with intra thyroid papillary 

thyroid carcinoma. Biomed Pharmacother. 2014, 68(4):413-417 

39. Schulten HJ, Alotibi R, Al-Ahmadi A, Ata M, Karim S, Huwait E, et al. Effect of BRAF 

mutational status on expression profiles in conventional papillary thyroid carcinomas. BMC 

Genomics. 2015, 16(1):1-10 

40. Takano T, Ito Y, Hirokawa M, Yoshida H, Miyauchi A.BRAFV600E mutation in anaplastic 

thyroid carcinomas and their accompanying differentiated carcinomas. Br J Cancer. 2007, 

96(10):1549-1553 

41. Hall RD, Kudchadkar RR. BRAF Mutations: Signaling, Epidemiology, and Clinical Experience in 

Multiple Malignancies. Cancer Control. 2014, 21(3):221-230 

42. Rubinstein JC, Sznol M, Pavlick AC, Ariyan S, Cheng E, Bacchiocchi A, et al. Incidence of the 

V600K mutation among melanoma patients with BRAF mutations, and potential therapeutic 

response to the specific BRAF inhibitor PLX4032. J Transl Med. 2010, 8:67-69 

43. Wan PT, Garnett MJ, Roe SM, Lee S, Niculescu-Duvaz D, Good VM, et al. Mechanism of 

activation of the RAF-ERK signaling pathway by oncogenic mutations of B-RAF. Cell. 2004, 

116(6):855-867 

44. Pratilas CA, Taylor BS, Ye Q, Viale A, Sander C, Solit DB, et al. (V600E) BRAF is associated 

with disabled feedback inhibition of RAF-MEK signaling and elevated transcriptional output of the 

pathway. Proc Natl Acad Sci USA. 2009, 106(11):4519-4524 

45. Ciampi R, Knauf JA, Kerler R, Gandhi M, Zhu Z, Nikiforova MN, et al. Oncogenic 

AKAP9-BRAF fusion is a novel mechanism of MAPK pathway activation in thyroid cancer. J 

Clin. Invest. 2005, 115(1):94-101 

46. Ibanez CF. Structure and physiology of the RET receptor tyrosine kinase. Cold Spring Harbor 

Perspect Biol. 2013, 5(2):a009134 

47. Hedayati M, Nabipour I, Rezaei-Ghaleh N, Azizi F. Germline RET mutations in exons 10 and 11: 

an Iranian survey of 57 medullary thyroid carcinoma cases. Med J Malaysia. 2006, 61(5):564-569 

48. Hedayati M, Zarif Yeganeh M, Sheikhol Eslami S, Rezghi Barez Sh, Hoghooghi Rad L, Azizi F. 

Predominant RET Germline Mutations in Exons 10, 11, and 16 in Iranian Patients with Hereditary 

Medullary Thyroid Carcinoma. J Thyroid Res. 2011, 2011:264248 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Oliveira%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14668801
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pinto%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14668801
http://www.ncbi.nlm.nih.gov/pubmed/?term=Duval%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14668801
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brennetot%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14668801
http://www.ncbi.nlm.nih.gov/pubmed/?term=Domingo%20E%5BAuthor%5D&cauthor=true&cauthor_uid=14668801
http://www.ncbi.nlm.nih.gov/pubmed/?term=Esp%C3%ADn%20E%5BAuthor%5D&cauthor=true&cauthor_uid=14668801
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cardarella%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23833300
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ogino%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23833300
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nishino%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23833300
http://www.ncbi.nlm.nih.gov/pubmed/?term=Butaney%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23833300
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23833300
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lydon%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23833300
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20YH%5BAuthor%5D&cauthor=true&cauthor_uid=19430562
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20DY%5BAuthor%5D&cauthor=true&cauthor_uid=19430562
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=19430562
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20YM%5BAuthor%5D&cauthor=true&cauthor_uid=19430562
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20KR%5BAuthor%5D&cauthor=true&cauthor_uid=19430562
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nam%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=19430562
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lam%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=23594689
http://www.ncbi.nlm.nih.gov/pubmed/?term=Haydu%20LE%5BAuthor%5D&cauthor=true&cauthor_uid=21343559
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hamilton%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=21343559
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mann%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=21343559
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zane%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24721322
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lora%20O%5BAuthor%5D&cauthor=true&cauthor_uid=24721322
http://www.ncbi.nlm.nih.gov/pubmed/?term=Toniato%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24721322
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ata%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25922907
http://www.ncbi.nlm.nih.gov/pubmed/?term=Karim%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25922907
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huwait%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25922907
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshida%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17453004
http://www.ncbi.nlm.nih.gov/pubmed/?term=Miyauchi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17453004
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ariyan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20630094
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cheng%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20630094
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bacchiocchi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20630094
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15035987
http://www.ncbi.nlm.nih.gov/pubmed/?term=Niculescu-Duvaz%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15035987
http://www.ncbi.nlm.nih.gov/pubmed/?term=Good%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=15035987
http://www.ncbi.nlm.nih.gov/pubmed/?term=Viale%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19251651
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sander%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19251651
http://www.ncbi.nlm.nih.gov/pubmed/?term=Solit%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=19251651
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gandhi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15630448
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=15630448
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nikiforova%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=15630448


 

 

 
Ivy Union Publishing | http: //www.ivyunion.org      ISSN 2572-5750     September 2, 2016 | Volume 5 | Issue 1 

 

Bozorg-Ghalati F et al. American Journals of Cancer Science 2016, 5:22-33                            Page 10 of 12 

 

7 

6 

49. Majidi M, Haghpanah V, Hedayati M, Khashayar P, Mohajeri-Tehrani MR, Larijani B. A family 

presenting with multiple endocrine neoplasia type 2B: A case report. J Med Case Rep 2011, 5:587  

50. Zarif Yeganeh M, Sheikholeslami S, Hedayati M. RET Proto Oncogene Mutation Detection and 

Medullary Thyroid Carcinoma Prevention. Asian Pac J Cancer Prev. 2015, 16 (6):2107-2117 

51. Dohan O, De la Vieja A, Paroder V, Riedel C, Artani M, Reed M, et al. The sodium-iodide 

symporter (NIS): characterization, regulation, and medical significance. Endocr Rev. 2003, 

24(1):48-77 

52. Porra V, Bernier-Valentin F, Trouttet-Masson S, Berger-Dutrieux N, Peix JL, Perrin A, et al. 

Characterization and semi-quantitative analyses of pendrin expressed in normal and tumoral 

human thyroid tissues. J Clin Endocrinol Metab. 2002, 87)4):1700-1707 

53. Lacroix L, Pourcher T, Magnon C, Bellon N, Talbot M, Intraphairot T, et al. Expression of the 

apical iodide transporter in human thyroid tissues: a comparison study with other iodide 

transporters. J Clin Endocrinol Metab. 2004, 89(3):1423-1428 

54. Wapnir IL, van de Rijn M, Nowels K, Amenta PS, Walton K, Montgomery K. 

Immunohistochemical profile of the sodium-iodide symporter in thyroid, breast, and other 

carcinomas using high density tissue microarrays and conventional sections. J Clin Endocrinol 

Metab. 2003, 88:1880-1888 

55. Kogai T, Brent GA. The sodium iodide symporter (NIS): regulation and approaches to targeting 

for cancer therapeutics. Pharmacol Ther. 2012, 135(3):355-370 

56. Riesco-Eizaguirre G, Santisteban P. A perspective view of sodium iodide symporter research and 

its clinical implications. Eur J Endocrinol. 2006, 155(4):495-512  

57. Zarnegar R, Brunaud L, Kanauchi H, Wong M, Fung M, Ginzinger D, et al. Increasing the 

effectiveness of radioactive iodine therapy in the treatment of thyroid cancer using Trichostatin A, 

a histone deacetylase inhibitor. Surgery. 2002, 132(6):984-990 

58. Durante C, Haddy N, Baudin E, Leboulleux S, Hartl D, Travagli JP, et al. Long-term outcome of 

444 patients with distant metastases from papillary and follicular thyroid carcinoma: benefits and 

limits of radioiodine therapy. J Clin Endocrinol Metab. 2006, 91(8):2892-2899 

59. Trouttet-Masson S, Selmi-Ruby S, Bernier-Valentin F, Porra V, Berger-Dutrieux N, Decaussin M, 

et al. Evidence for transcriptional and posttranscriptional alterations of the sodium-iodide 

symporter expression in hypo functioning benign and malignant thyroid tumors. AmJ Pathol. 2004, 

165(1):25-34 

60. Romei C, Ciampi R, Faviana P, Agate L, Molinaro E, Bottici V, et al. BRAFV600E mutation, but 

not RET/PTC rearrangements, is correlated with a lower expression of both thyroperoxidase and 

sodium iodide symporter genes in papillary thyroid cancer. Endocr. Relat. Cancer. 2008, 

15(2):511-520 

61. Espadinha C, Santos JR, Sobrinho LG, Bugalho MJ.Expression of iodine metabolism genes in 

human thyroid tissues: evidence for age and BRAFV600E mutation dependency. Clin Endocrinol 

(Oxf). 2009, 70(4):629-635 

62. Zhang Z, Liu D, Murugan AK, Liu Z, Xing M. Histone deacetylation of NIS promoter underlies 

BRAF V600E-promoted NIS silencing in thyroid cancer. Endocr Relat Cancer. 2014, 21:161-173 

63. Mitsutake N, Miyagishi M, Mitsutake S, Akeno N, Mesa C, Knauf JA. BRAF mediates 

RET/PTC-induced mitogen-activated protein kinase activation in thyroid cells: functional support 

for requirement of the RET/ PTC-RAS-BRAF pathway in papillary thyroid carcinogenesis. 

Endocrinol. 2006, 147(2):1014-1019 

http://www.ncbi.nlm.nih.gov/pubmed/?term=48.%09Majidi+M%2C+Haghpanah+V%2C+Hedayati+M%2C+et+al.+A+family+presenting+with+multiple+endocrine+neoplasia+type+2B%3A+A+case+report.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Berger-Dutrieux%20N%5BAuthor%5D&cauthor=true&cauthor_uid=11932304
http://www.ncbi.nlm.nih.gov/pubmed/?term=Peix%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=11932304
http://www.ncbi.nlm.nih.gov/pubmed/?term=Perrin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11932304
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wong%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12490845
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fung%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12490845
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ginzinger%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12490845
http://www.ncbi.nlm.nih.gov/pubmed/?term=Leboulleux%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16684830
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hartl%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16684830
http://www.ncbi.nlm.nih.gov/pubmed/?term=Travagli%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=16684830
http://www.ncbi.nlm.nih.gov/pubmed/?term=Porra%20V%5BAuthor%5D&cauthor=true&cauthor_uid=15215159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Berger-Dutrieux%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15215159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Decaussin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15215159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Agate%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18509003
http://www.ncbi.nlm.nih.gov/pubmed/?term=Molinaro%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18509003
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bottici%20V%5BAuthor%5D&cauthor=true&cauthor_uid=18509003
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bugalho%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=18710471


 

 

 
Ivy Union Publishing | http: //www.ivyunion.org      ISSN 2572-5750     September 2, 2016 | Volume 5 | Issue 1 

 

Bozorg-Ghalati F et al. American Journals of Cancer Science 2016, 5:22-33                            Page 11 of 12 

 

7 

6 

64. Riesco-Eizaguirre G, Rodríguez I, De la Vieja A, Costamagna E, Carrasco N, Nistal M, et al. The 

BRAFV600E oncogene induces transforming growth factor beta secretion leading to sodium 

iodide symporter repression and increased malignancy in thyroid cancer. Cancer Res. 2009, 

69(21):8317-8325 

65. Galrao AL, Sodre AK, Camargo RY, Friguglietti CU, Kulcsar MA, Lima EU. Methylation levels of 

sodium-iodide symporter (NIS) promoter in benign and malignant thyroid tumors with reduced 

NIS expression. Endocrine. 2013, 43(1):225-229 

66. Weisenberger DJ, Siegmund KD, Campan M, Young J, Long TI, Faasse MA, et al. CpG island 

methylator phenotype underlies sporadic microsatellite instability and is tightly associated with 

BRAF mutation in colorectal cancer. Nat Genet. 2006, 38(7):787-793 

67. Peng DF, Kanai Y, Sawada M, Ushijima S, Hiraoka N, Kitazawa S, et al. DNA methylation of 

multiple tumor-related genes in association with overexpression of DNA methyltransferase 1 

(DNMT1) during multistage carcinogenesis of the pancreas. Carcinogenesis. 2006, 

27(6):1160-1168 

68. Choi YW, Kim HJ, Kim YH, Park SH, Chwae YJ, Lee J, et al. BRAFV600E inhibits sodium iodide 

symporter expression via regulation of DNA methyltransferase 1. Exp Mol Med. 2014, 

46(11):1-10 

69. Riesco-Eizaguirre G, Gutierrez-Martinez P, Garcia- Cabezas MA, Nistal M, Santisteban P.The 

oncogene BRAF V600E is associated with a high risk of recurrence and less differentiated 

papillary thyroid carcinoma due to the impairment of Na+/I− targeting to the membrane. Endocr 

Relat Cancer. 2006, 13(1):257-269 

70. Barollo S, Pennelli G, Vianello F, Watutantrige Fernando S, Negro I, Merante Boschin I, et al. 

BRAF in primary and recurrent papillary thyroid cancers: the relationship with 131I and 

2-[18F]fluoro- 2-deoxy-D-glucose uptake ability. Eur J Endocrinol. 2010, 163:659-663 

71. Coelho SM, Carvalho DP, Vaisman M. New Perspectives on the Treatment of Differentiated 

Thyroid Cancer. Arq Bras Endocrinol Metab. 2007, 51(4):612-624 

72. Brose MS, Smit J, Capdevila J, Elisei R, Nutting C, Pitoia F, et al. Regional approaches to the 

management of patients with advanced, radioactive iodine- refractory differentiated thyroid 

carcinoma. Expert Rev Anticancer Ther. 2012, 12(9):1137-1147 

73. Tonacchera M, Viacava P, Agretti P, De Marco G, Perri A, Di Cosmo C, et al. Benign 

nonfunctioning thyroid adenomas are characterized by a defective targeting to cell membrane or a 

reduced expression of the sodium iodide symporter protein. J Clin Endocrinol Metab. 2002, 

87(1):352-357 

74. Xing M, Alzaharani AS, Carson KA, Viola D, Elisei R, Bendlova B, et al. The BRAF V600E 

Mutation Increases Mortality in Papillary Thyroid Cancer. Clin Thyroidol. 2013, 25:105-106 

75. Sabra MM, Dominguez JM, Grewal RK, Larson SM, Ghossein RA, Tuttle RM, et al. Clinical 

outcomes and molecular profile of differentiated thyroid cancers with radioiodine-avid distant 

metastases. J Clin Endocrinol Metab. 2013, 98(5):829-836 

76. Nehs MA, Nucera C, Nagarkatti SS,  Sadow PM,  Morales-Garcia D,  Hodin RA, et al. Late 

intervention with anti-BRAF (V600E) therapy induces tumor regression in an orthotopic mouse 

model of human anaplastic thyroid cancer. Endocrinol. 2012, 153(2):985-994 

77. Fagin JA. How thyroid tumors start and why it matters: kinase mutants as targets for solid cancer 

therapy. J Endocrinol. 2004, 183(2):249-256 

78. Rosove MH, Peddi PF, Glaspy JA. BRAF V600E inhibition in anaplastic thyroid cancer. N Engl J 

Med. 2013, 368(7):684-685 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Costamagna%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19861538
http://www.ncbi.nlm.nih.gov/pubmed/?term=Carrasco%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19861538
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nistal%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19861538
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ushijima%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16537562
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hiraoka%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16537562
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kitazawa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16537562
http://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=25378232
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chwae%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=25378232
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25378232
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nistal%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16601293
http://www.ncbi.nlm.nih.gov/pubmed/?term=Santisteban%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16601293
http://www.ncbi.nlm.nih.gov/pubmed/?term=Watutantrige%20Fernando%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20647301
http://www.ncbi.nlm.nih.gov/pubmed/?term=Negro%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20647301
http://www.ncbi.nlm.nih.gov/pubmed/?term=Merante%20Boschin%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20647301
http://www.ncbi.nlm.nih.gov/pubmed/?term=Elisei%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23098114
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nutting%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23098114
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pitoia%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23098114
http://www.ncbi.nlm.nih.gov/pubmed/?term=Larson%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=23533233
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ghossein%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=23533233
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tuttle%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=23533233
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sadow%20PM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Morales-Garcia%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hodin%20RA%5Bauth%5D


 

 

 
Ivy Union Publishing | http: //www.ivyunion.org      ISSN 2572-5750     September 2, 2016 | Volume 5 | Issue 1 

 

Bozorg-Ghalati F et al. American Journals of Cancer Science 2016, 5:22-33                            Page 12 of 12 

 

7 

6 

79. Kandil E, Tsumagari K, Ma J, Abd Elmageed ZY, Li X, Slakey D, et al. Synergistic inhibition of 

thyroid cancer by suppressing MAPK/PI3K/AKT pathways. J Surg Res. 2013, 184(2):898-906 

80. Holmlund JT. Applying antisense technology affinitak and other antisense oligonucleotides in 

clinical development. Ann N Y Acad Sci. 2003, 1002(1):244-251 

81. Kitazono M, Robey R, Zhan Z. Low concentration of the histona deacetylase inhibitor, 

depsipeptide (FR901228), increase expression of the Na+/I- symporter and iodine accumulation in 

poorly differentiated thyroid carcinoma cells. J Clin Endocrinol Metab. 2001, 86(7):3430-3435 

82. Catalano MG, Fortunati N, Pugliese M, Costantino L, Poli R, Bosco O, et al. Valproic acid induces 

apoptosis and cell cycle arrest in poorly differentiated thyroid cancer cells. J Clin Endocrinol 

Metab. 2005, 90(3):1383-1389 

83. Jeong H, Kim YR, Kim KN, Choe JG, Chung JK, Kim MK. Effect of all-trans retinoic acid on 

sodium-iodide symporter expression, radioiodine uptake and gene expression profiles in a human 

anaplastic thyroid carcinoma cell line. Nucl Med Biol. 2006, 33(7):875-882 

84. Brose MS, Nutting CM, Jarzab B, Elisei R, Siena S, Bastholt L, et al. Sorafenib in radioactive 

iodine-refractory, locally advanced or metastatic differentiated thyroid cancer: a randomised, 

double-blind,phase 3 trial. Lancet. 2014, 384(9940):319-328 

85. Chapman PB, Hauschild A, Robert C, Haanen JB, Ascierto P, Larkin J, et al. Improved survival 

with vemurafenib in melanoma with BRAF V600E mutation. N Engl J Med. 2011, 

364(26):2507-2516 

86. Xing J, Liu R, Xing M, Trink B.The BRAFT1799A mutation confers sensi¬tivity of thyroid cancer 

cells to the BRAFV600E inhibitor PLX4032 (RG7204). Biochem Biophys Res Commun. 2011, 

404(4):958-962 

87. Liu D, Hu S, Hou P, Jiang D, Condouris S, Xing M. Suppression of BRAF/MEK/MAP kinase 

pathway restores expression of iodide-metabolizing genes in thyroid cells expressing the V600E 

BRAF mutant. Clin Cancer Res 2007, 13(4):1341-1349. 

88. Davies BR, Logie A, McKay JS, Martin P, Steele S, Jenkins R, et al. AZD6244 (ARRY-142886), a 

potent inhibitor of mitogen-activated protein kinase/extracellular signal-regulated kinasekinase½ 

kinases: mechanism of action in vivo, harmacokinetic/pharmacodynamics relationship, and 

potential for combination in preclinical models. Mol Cancer Ther. 2007, 6(8):2209-2219 

89. Ho AL, Grewal RK, Leboeuf R, Sherman EJ, Pfister DG, Deandreis D, et al. 

Selumetinib-enhanced radioiodine uptake in advanced thyroid cancer. N Engl J Med. 2013, 

368(7):623-632 

90. Haass NK, Sproesser K, Nguyen TK, Contractor R, Medina CA, Nathanson KL, et al. The 

mitogen-activated protein/extracellular signal-regulated kinase kinase inhibitor AZD6244 

(ARRY-142886) induces growth arrest in melanoma cells and tumor regression when combined 

with docetaxel. Clin Cancer Res. 2008, 14(1):230-239 

91. Balmanno K, Chell SD, Gillings AS, Hayat S, Cook SJ. Intrinsic resistance to the MEK1/2 

inhibitor AZD6244 (ARRY-142886) is associated with weak ERK1/2 signalling and/or strong 

PI3K signaling in colorectal cancer cell lines. Int J Cancer. 2009, 125:2332-2341 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Abd%20Elmageed%20ZY%5BAuthor%5D&cauthor=true&cauthor_uid=23602735
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23602735
http://www.ncbi.nlm.nih.gov/pubmed/?term=Slakey%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23602735
http://www.ncbi.nlm.nih.gov/pubmed/?term=Costantino%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15585556
http://www.ncbi.nlm.nih.gov/pubmed/?term=Poli%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15585556
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bosco%20O%5BAuthor%5D&cauthor=true&cauthor_uid=15585556
http://www.ncbi.nlm.nih.gov/pubmed/?term=Elisei%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24768112
http://www.ncbi.nlm.nih.gov/pubmed/?term=Siena%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24768112
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bastholt%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24768112
http://www.ncbi.nlm.nih.gov/pubmed/?term=Haanen%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=21639808
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ascierto%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21639808
http://www.ncbi.nlm.nih.gov/pubmed/?term=Larkin%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21639808
http://www.ncbi.nlm.nih.gov/pubmed/?term=Trink%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21185263
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17317846
http://www.ncbi.nlm.nih.gov/pubmed/?term=Condouris%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17317846
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xing%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17317846
http://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17699718
http://www.ncbi.nlm.nih.gov/pubmed/?term=Steele%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17699718
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jenkins%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17699718
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sherman%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=23406027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pfister%20DG%5BAuthor%5D&cauthor=true&cauthor_uid=23406027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Deandreis%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23406027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Contractor%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18172275
http://www.ncbi.nlm.nih.gov/pubmed/?term=Medina%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=18172275
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nathanson%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=18172275
http://www.ncbi.nlm.nih.gov/pubmed/?term=Balmanno%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19637312
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chell%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=19637312
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gillings%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=19637312
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hayat%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19637312
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cook%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=19637312

