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Papillary thyroid carcinoma (PTC) is the most common subtype of thyroid cancer 

and is the most prevalent one in the endocrine system. According to worldwide 

reports, its incidence has been increasing in recent decades. The discovery of 

DNA sequencing methods and molecular diagnostic techniques provides an 

insight into the understanding of PTC molecular biology which opens a new 

perspective in finding molecular markers. Expanded studies have been executed 

on identifying the genes involved in PTC development and their prognosis. 

Currently, clinical and pathological features of tumor (such as size, extra thyroid 

extension, lymph node invasion, and capsular invasion) are used to predict the 

prognosis of PTC. The present article provides an updated condensed overview 

of PTC molecular alterations involved and recent biomarker investigations.  
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1. Introduction 

Papillary thyroid carcinoma (PTC), the most common form of thyroid cancer, presents a 

diverse range of biological behaviors and prognostic outcomes. Molecular profiling has 

become a pivotal component in understanding the pathogenesis and progression of PTC, 

offering insights that are crucial for diagnostic precision and therapeutic strategies. Among 

these, the identification and characterization of specific genetic alterations have shown 

significant promise in predicting disease aggressiveness and patient prognosis. The present 

article delves into the prognostic implications of key molecular markers such as RET/PTC 

rearrangements, RAS and BRAF mutations, and TERT promoter mutations. By exploring their 

roles within the cellular pathways and their impact on clinical outcomes [1]. 
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RET rearrangements and PTC: 

RET is a proto-oncogene which encodes membrane tyrosine kinase receptor, which is located 

on chromosome 10 and is expressed in thyroid parafollicular C cells [2]. It is possible for 

ligand-independent, constitutive dimerization to occur when the intracellular domain of RET, 

which possesses tyrosine kinase activity, merges with the N-terminus of the activating gene 

[3] This rearrangement causes RET  to be 

 under the transcriptional control of its fusion partner gene promoters, and allows the aberrated 

expression of chimeric protein of the receptor in epithelial follicular thyroid cells. The fusion 

leaves the tyrosine kinases domain of the RET receptor intact, and enables the RET/PTC 

chimeric oncoprotein to hold SHC protein adapter which leads to stimulation of the RAS-

RAF-MAPK signaling pathway . As a consequence of the rearrangement,the MAPK cascade 

becomes unrestricted and chronically activated . figure 1. As a result of the fact that these 

rearrangements were initially discovered in PT, they were given the name RET/PTC. The 

occurrence of RET/PTC rearrangements is five to twenty-five percent in patients with 

spontaneous PTC , while it exceeds eighty percent in individuals with radiation-induced PTC 

[4]. When it occurs radiation-related tumors, RET rearrangement is linked to aggressive 

characteristics such as increased tumor size, Extrathyroidal extension(ETE), and Lymph node 

metastasis(LNM) [5]. RET/PTC rearrangement is associated with well-differentiated, tiny, 

slow-growing PTC that has a more indolent course [6]. This is an association that occurs in 

sporadic PTC. An indication that RET is a favorable prognostic biomarker [7] is provided by 

the fact that the prevalence of RET rearrangements in poorly differentiated TC is only 6%, and 

that these rearrangements are not present in anaplastic TC. The presence of RET 

rearrangement was reported to be more prevalent in younger patients (45-60%) [8], which is 

indicative of its ability to operate as an initiating event of papillary tumors [9].  

 

Figure 1. Oncogenic activation of MAPK pathway. The pathway is triggered by binding of 

growth factor (GF) to a receptor tyrosine kinase (RTK),which activates the RAS, BRAF, 

MEK and ERK phosphorylation cascade. [10]. 

MEK: MAPK kinase; ERK: extracellular-signal-regulated kinase. 

RAS oncogenes and PTC: 

 RAS, which is upstream of BRAF, is a family of GTP-binding proteins that control cell 

growth via the MAPK and PI3K-AKT cascades. In TC RAS mutation appear to affect 

substantially the PI3K pathway  [4]. They are set up in a broad variety of thyroid tumors 
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involving follicular adenomas, follicular carcinomas, poorly differentiated carcinomas, 

undifferentiated carcinomas as well as papillary carcinomas. Three members of the RAS gene 

family (HRAS, NRAS and KRAS) have been demonstrated to be mutated in thyroid cancer. 

The most common RAS mutations were detected is the NRAS gene, followed by HRAS, and 

least frequently, KRAS. However, later it became clear that the RAS mutations are 

predominantly related to poorly differentiated thyroid carcinomas and anaplastic thyroid 

cancers than PTC , which suggests the role of RAS is more inclined to the progression rather 

than the initiation of tumors. 10% to 20% of patients with PTC, most commonly follicular 

variant PTC, have RAS mutations [11].  

BRAF oncogene and PTC 

BRAF a member of the RAF family (A, B, and C) of serine/threonine kinases, is located in 

chromosome 7. These proteins relay signals from membrane-bound receptors to downstream 

regulators of the MAPK pathway that control the expression of several genes responsible for 

cell proliferation, differentiation, migration and apoptosis [12]. BRAF is recognized as the 

most potent stimulator of the MAPK/extracellular signal-regulated kinase (MAPK/ERK) 

pathway. Tumor transformation occurs as a result of the aberrant activation of the MAPK/ERK 

pathway [13]. The predominant BRAF mutations arise from a specific genetic alteration called 

the 1796T-A mutation, which occurs in exon 15 of the BRAF gene. The mutation results in 

the replacement of glutamic acid with valine at position 600, and it is known as BRAF V600E 

[14]. The mutation causes the ERK [8, 9] to become activated and the inhibitory loop [15] to 

be deleted, resulting in the formation of a constantly active BRAF kinase. BRAF mutation is 

specifically connected with some types of thyroid cancer, particularly papillary thyroid 

carcinoma (PTC), where it is observed in around 32-73% of cases. However, it is rarely found 

in other types of follicular lesions, regardless of whether they are benign or malignant. A 

BRAF point mutation at position 601 (BRAFK601E) has been found in patients with follicular 

thyroid adenoma and follicular variant PTC [16]. Since its first description, BRAF has been 

extensively studied as a biological marker to assess the aggressiveness and prognosis of 

cancers [17].  

BRAF potentially play  role in TC proliferation independently of the oncogenic activation, 

suggesting a role of wild-type BRAF also in RET/PTC and activated RAS signaling pathways. 

The presence of BRAF mutation in PMC indicates its role in the initiation of thyroid tumors 

[18]. Identifying BRAF mutations in FNAB specimens significantly improving the accuracy 

of PTC cytological diagnosis to nearly 100% [19] BRAF mutation role in tumor 

aggressiveness and prognosis is still debatable, Lin et al reported that  no significant correlation 

between BRAF mutation and poor prognostic clinicopathological characteristics and 

recurrence in PTC [20]. According to Valvo et al., BRAF mutation is significantly associated 

with increased mortality and poorer clinicopathological features, risk of recurrence, loss of 

radioiodine avidity and therapy failure PTC [21]. In addition, they discovered a correlation 

between BRAF mutation and the alteration of the microenvironment, which enhances the 

advancement and aggressiveness of the tumor [22]. 

 

TERT promotor mutation and PTC : 
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The TERT gene encodes the reverse transcriptase subunit of the telomerase complex, that 

elongates the telomere portion of chromosomes adding repeated sequences. Usually 

absent/low in normal cells telomerase activation is known to be a hallmark of cancer, being 

detected in 80% to 90% of malignant tumors [23] and not being detected in benign thyroid 

lesions . TERT promoter (TERT p) mutations are a late event in thyroid tumorigenesis, are 

more prevalent in poorly differentiated TC (40%) and anaplastic TC (70%) (30) t. In PTC, 

TERT p mutation has been associated with larger tumor size, older patients, male gender [16], 

advanced tumor stage and poor prognosis [24]. TERTp mutations may occur combined with 

BRAF mutation and RAS mutation in poorly differentiated TC and anaplastic TC [25]. Tumors 

with combined TERTp mutation and BRAF mutation have been described as having increased 

recurrence rate[26], poor clinicopathological features and increased mortality in comparison 

to tumors who lack both mutations [27].  

MicroRNA and PTC:  

MicroRNAs (miRNAs) are small endogenous non-coding RNAs of approximately 22 

nucleotides in length. They have major roles in post-transcriptional control of genes by 

repressing translation and/or degrading their messenger RNA targets in the cytosol, also in the 

alteration of gene expression in the nucleus . since of their ubiquitous role in gene regulation, 

miRNAs are included in numerous intracellular regulatory processes, such as differentiation, 

proliferation and apoptosis. Thus, dysregulation of miRNAs has been correlated with several 

pathological disorders, involving varoius types of cancer. The altered levels of many different 

miRNAs have been associated with the metastases and invasion of cancers . Compared to the 

genetic analyses, studies on the applications of miRNAs as biomarkers for PTC are relatively 

more recent. Currently, there have been many reports confirming that PTC is consistently 

associated with overexpression of specific miRNAs such as mir-146b, miR-221 and miR-222 

compared to normal thyroid tissues. The expression of these miRNAs was apparently 

associated with features  of tumour aggressiveness such as extrathyroidal extension, 

recurrence, lymph node or distant metastasis and BRAFV600E mutation . PTC tumors were 

also demonstrated to have alterations in the process of miRNA biogenesis. Compared with 

benign thyroid lesions and normal thyroid tissues, the transcription of RNA endonuclease 

Dicer, which is included in the biogenesis and targeting of miRNAs in PTC tissues, was 

reported to be downregulated. This alteration was  associated with the same tumour 

aggressiveness features  [28]. 

Furthermore, these levels were shown to have a direct association with the size of the tumor 

and a higher TNM stage. [29]. 

PIM1 and PTC : 

an important PIM family member, Pim-1 was originally identified as a proviral integration site 

for Moloney murine leukemia virus 1 In addition to the induction of cytokines, mitogens, 

hypoxia, hormones, and infection factors, the expression of Pim-1 is also regulated and 

activated through upstream signaling pathways, such as JAK-STAT,and NF-κB. Studies have 

unveiled that Pim-1 is widely involved in the occurrence and development of multiple human 

cancers. Pim-1also take part in mediating the redistribution of mitosis and accelerating cell 

division progression [30] 



                                 Significant Impact of Prognostic Molecular.... Samar Usama Hassan et al. 1586 
 

Nanotechnology Perceptions Vol. 20 No. 6 (2024) 

PIM-1 kinase regulates the tricarboxylic acid (TCA) cycle and mitochondrial oxidative 

phosphorylation. The significance of PIM-1 in PTC, in relation to OS, is crucial due to the 

function OS plays in the carcinogenesis of PTC [31]. 

Survivin and PTC: 

Survivin is a unique bifunctional protein in the family of baculovirus inhibitors of apoptosis 

proteins that regulate cell death. Survivin involved on cell cycle regulation and apoptosis 

inhibition. In the G2/N phase  of the cell cycle survivin accelerates cell division . It has shown 

to have role in tumor angiogenesis . Survivin expression correlated with tumor size , regional 

lymph node metastasis and distant metastasis.Survivin expression was significantly associated 

with the tumor size in PTC consisting of different variants and lymph vascular invasion 

indicating that surviving is a marker for poor prognosis in PTC. [32]. 

Components of the Urokinase Plasminogen Activating System and PTC: 

The urokinase plasminogen activating system (uPAS) involves the urokinase plasminogen 

activator , the plasminogen activator inhibitors 1  and 2, and the uPA cell membrane receptor 

(uPAR).  A number of studies proved the ability of the uPAS to alter  cellular proliferation, 

migration, adhesion, and tumor neoangiogenesis, and significantly affect tumor invasion and 

metastasis. furthermore, high tumor tissue levels of one or more uPAS components correlate 

with poor prognosis in multiple human malignancies [33] 

An increased uPA, uPAR, and PAI-1 expression was documented in PTC tissues compared to 

normal thyroid tissues. furthermore, a correlation has been reported between tumor size and 

uPA expression, and higher levels of uPA and  uPAR were found in metastatic PTC.  Also 

reported significantly higher uPA and uPAR expression in BRAFV600E-positive PTC 

compared to those bearing the wild type BRAF [34]. it is demonstrated that the increased gene 

expression of uPA and uPAR in PTC tissues was associated with tumor invasiveness and 

advanced stages. , these findings indicate a correlation between the increased expression of 

one or more uPAS components and a worst prognosis in TC patients. [35]. 

 

2. Conclusion : 

Recently , significant progress has been made in deciphering the genetic landscape of papillary 

thyroid carcinoma that is complex disease in its nature and affected by multiple genetics and 

epigenetics alteration, these alteration play crucial roles in PTC progression. Therefore 

targeting these genetics alterations holds promise for the development of effective therapies 

for PTC. So further researches are needed to identify and validate molecular markers to 

improve outcomes for PTC patients and assist in  the early diagnosis. 
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