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ABSTRACT 

Objective 

Thyroid cancer affects approximately 298 million people worldwide and the major challenge 

is reliably distinguishing patients who present with poor prognosis from those who do not. 

There are genetic markers that have been shown to be associated with poor clinical 

outcome in thyroid cancer, which include mutations in the BRAF and RAS genes. In addition 

to genetic variation, recent studies have reported on the effects of micro-ribonucleic acids’ 

(miRNAs) differential expression observed in tumour and normal tissue as another possible 

marker of thyroid cancer prognosis. Therefore, miRNA expression signatures in thyroid 

cancer could be used as biomarkers for prognosis and diagnosis. This study compared the 

expression of miRNAs in papillary thyroid cancer and follicular thyroid cancer.  

 

Methods 

As part of a preliminary study, 66 differentiated thyroid cancer samples were obtained from 

patients attending Groote Schuur Hospital and used in the study. MiRNA miScript 

polymerase chain reaction (PCR) Array (Qiagen) was used to determine the differential 

miRNA expression profiles between follicular thyroid carcinoma (FTC) and papillary thyroid 

carcinoma (PTC). Real time PCR was employed to confirm the expression levels of miRNA-

21 and miRNA-122.  

 

Results 

17 miRNAs were upregulated in PTC and 14 in FTC. There were significant differences in 

the miRNA expression between FTC and PTC. For example, miRNA-21 was the most 

upregulated miRNA in PTC and miRNA-122 in FTC. We found no correlation of the 

expression of these miRNAs to clinicopathological features. We observed an association of 

BRAF mutation positivity to advanced tumour stage and advanced age of presentation 

however, no correlation was seen to miRNA-21 or miRNA-122 expression.  

 

Conclusion 

Although we did not observe correlations between miRNAs and any of the 

clinicopathological features, microRNA expression profile signatures were able to 

differentiate between PTC and FTC and could potentially be further validated as diagnostic 

markers.  
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CHAPTER ONE 

 

1.1 Introduction 

Thyroid carcinoma is the most common endocrine malignancy with an increasing incidence 

worldwide, occurring at a slow rate. It usually presents with a good outcome, however there 

is a subset of patients that present with poor prognosis contributing to a shorter survival rate 

and this is often associated with tumour recurrence (Fernandez et al., 2013). There are 

several clinicopathological variables which are associated with recurrence and affect 

prognosis negatively. These include an advanced stage (tumour size >2cm, extra thyroidal 

extension, distant metastases), multifocality, age greater than 45 years, incomplete surgical 

resection and aggressive histological poorly differentiated thyroid carcinoma (PDTC) 

subtypes (tall cell, insular variants and columnar) (Lim et al., 2012; Fernandez et al., 2013; 

Sun et al., 2013). A population based study in Mexico by Woodruff and co-workers indicated 

that thyroid carcinoma usually has a good prognosis. They noted that differentiated thyroid 

cancer has an excellent prognosis with 80% having a 10-year survival rate (Woodruff et al., 

2010), a finding supported by Lim et al., (2012). However, Fernandez and co-workers 

reported papillary thyroid carcinoma (PTC) to have a 5 year survival rate of 97.3%, a 

decrease in the number of years in these cases is attributed to poor prognosis (Fernandez et 

al., 2013).   

It is speculated that poor prognosis is exacerbated by the presence of distant metastases 

(Suresh et al., 2015), also illustrated by Shaha and co-workers, where patients with follicular 

thyroid carcinoma (FTC) were found to have distant metastasis and above the age of 45 with 

a survival rate of 43%; much lower in comparison to the 86% which was seen in patients 

above the age of 45 without distant metastases (Shaha et al., 1997). Hoie and co-workers 

found more than 50% of all their patients diagnosed with distant metastases died within one 

year and over 70% within two years (Hoie et al., 1988). These findings support the view that 

there is a greater propensity for poor prognosis in patients with distant metastases. 

 

There are various risk factors associated with thyroid cancer including iodine-deficiency, 

neck irradiation, thyroid cancer familiarity, endemic goiter, age, genetic syndromes such as 

Cowden and Gardner’s syndromes and autoimmune thyroiditis (Wartofsky, 2000; Fernandez 

et al., 2013). Thyroid carcinoma may be found in the context of the following thyroid 
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diseases: euthyroid goitre, Graves’ disease, hypothyroidism, thyroiditis and toxic multi-

nodular goitres (Ogbera & Kuku, 2011).  

 

There are various gene targets involved in the pathogenesis of thyroid carcinoma. These 

include BRAF, RAS, and RET/PTC. Mutations in these genes have been found in 

approximately 70% of PTC (Woyach & Shah, 2009). A new phenomenon that has gained 

traction in the regulation of gene expression is microRNAs whose dysregulation has been 

shown to differ between normal and tumour tissues. Thus, the dysregulation of microRNAs 

therefore creates potential for microRNA expression signatures to be used as biomarkers of 

disease diagnosis or prognosis (Bovell et al., 2013). 

1.2 Thyroid carcinoma incidence 

The incidence of thyroid cancer is listed as 19th on the globocan global statistics published in 

2012. The malignancy is preceded by lung and breast cancer, the two most common 

malignancies globally. Thyroid cancer is however the most common endocrine malignancy 

and accounts for 1% considerable of the cancer burden worldwide with an estimated 

incidence rate of 2.1% and mortality rate of 0.5% as illustrated in Figure 2.1 (Ferlay et al., 

2012; Bray et al., 2013). A threefold prevalence of thyroid cancer in females was reported in 

2012 (Ferlay et al., 2012; Bray et al., 2013). This is supported by the thyroid cancer lifetime 

risk statistics reported by the Cancer Association of South Africa (CANSA) which records it 

to be 1:2775 for males and 1:853 for females (www.cansa.org.za) (date accessed: 

2016/12/24). 

 

 

 

http://www.cansa.org.za/
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Figure 1.1: Stacked graph depicting the difference in incidence rate, mortality rate and 

prevalence in the two most common cancers worldwide and thyroid cancer (Ferlay et al., 

2012; Bray et al., 2013). 

Lung cancer has an estimated incidence rate of 13.0% and an enormously high mortality 

rate of 19.7%. Whereas breast cancer, the second largest malignancy has an estimated 

incidence rate of 12.9% and second greatest mortality rate of 11.9% (Ferlay et al., 2012; 

Bray et al., 2013). In the majority of malignancies, the rising trend in incidence rates is 

complimented by an increase in mortality rates as seen in both lung and breast cancer 

(figure 1.1). This is not the case with thyroid cancer. The incidence rate of thyroid cancer has 

gradually been on the rise globally, however its mortality has remained fairly constant 

(Schulten et al., 2012; Morris et al., 2013; Vaccarella et al., 2016). It is reported to be the 

third fastest rising cancer diagnosis in the United States, with an estimated annual rate of 

increase of 3% in the last decade (Davies & Welch, 2006). The incidence rate is influenced 

by factors such as age, gender, geographic area and possibly access to health care/socio-

economic status (Lebastchi & Callender, 2014). There is worldwide speculation on the 

reasons for this epidemic; it is unclear whether this reflects a true increase in the occurrence 

of the disease or merely due to over-diagnosis (Leenhardt et al., 2004; Welch & Black, 

2010).  

There are two prerequisites that exist for a disease to be deemed as over-diagnosed: firstly, 

there should be a large reservoir of occult or indolent disease and secondly, a rise in 

healthcare activities which will result in the detection of the disease reservoir (Morris et al., 

2013). There is compelling evidence reported for the first requirement, but not much for the 

second. Literature reports on an estimated prevalence of occult papillary thyroid cancer 

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

35.00%

incidence rate mortality rate prevalence

P
e

rc
e

n
ta

ge
 (

%
) 

Worldwide cancer statistics 

breast cancer

lung cancer

thyroid cancer



4 
 

(PTC) seen during autopsy to range between 8-35%. Indolent cancers are known as 

tumours which would not have caused symptoms or death if they were left untreated (Morris 

et al., 2013).  Over-diagnosis is a proposed reason for the rise in incidence of thyroid cancer 

suggesting that access to certain health care activities and increasing medical surveillance 

are contributing factors (Welch & Black, 2010). 

A study by Morris and co-workers examined the association between the incidence of PTC 

and healthcare activities. They used data from the National Cancer Institute (NCI)’s 

Surveillance, Epidemiology, and End Results (SEER) in the United States which reported on 

thyroid cancer incidence, patient age, and county of residence from 1973 to 2009. They 

found that over 36 years, the incidence of PTC in the USA had increased to 3.6 fold from 

1973 to 2009 (Figure 1.2). The majority of the reported cancers were below palpable size: 

65% was comprised of tumours <2cm in size (Morris et al., 2013).  

 

 

Figure 1.2: The incidence and mortality rate of PTC in the United States per 100,000 people 

from 1973 to 2009. Illustrates that the increase occurred after 1973 and Mortality rates has 

remained unchanged at 0.5 per 100 000 whereas the incidence has increased in all age 

groups over the years (Morris et al., 2013). 

Morris and co-workers also noted that the incidence tends to be higher in counties with 

higher levels of income and higher percentages of people with employment.  This illustrates 

a positive association between access to healthcare and increase in incidence (Morris et al., 

2013). This idea was supported by Vaccarella and co-workers who saw over-diagnosis in 

50-90% of thyroid cancers in women in high-income countries. The group used high-quality 

cancer registry data from the International Agency for Research of Cancer (IARC)’s 
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reference publication to estimate the number of thyroid cancer cases that were over-

diagnosed in 12 countries (Vaccarella et al., 2016). They suggested that increasing medical 

surveillance and diagnostic techniques such as neck ultrasonography (U/S), computed 

tomography (CT) scanning and magnetic resonance imaging led to the detection of indolent 

tumours. From the 12 studied countries, USA, Italy and France were the most severely 

affected by over-diagnosis since 1980 after the introduction of ultrasonography (Vaccarella 

et al., 2016). Although there is an alarming increase in the incidence of thyroid cancer, it 

remains speculative whether this is a reflection of true increase or over-diagnosis. 

 

1.3 Thyroid gland anatomy  

 

The thyroid gland (Figure 1.3) is the most important endocrine organ in the human body. It is 

situated in anterior neck behind the sternohyoid and sternothyroid muscle. It wraps around 

the cricoid cartilage and super tracheal rings. It has two lobes, the right and left lobe which 

are connected anteriorly by an isthmus. The thyroid gland is contained in the visceral 

compartment of the neck, with the trachea, oesophagus and pharynx and bound by pre-

tracheal fascia. Posteriorly, the thyroid gland has parathyroid glands embedded in it 

(Mohebati & Shaha, 2012). 

 

 
 

Figure 1.3: Figure depicting the anatomical structure of the thyroid gland and surrounding 

structures (Teachmeanatomy.info/neck/viscera/the-thyroid-gland/) 

 



6 
 

The thyroid gland largely consists of two types of epithelial cells, parafollicular cells (C cells) 

and follicular cells. Follicular cells are 20-30µm in diameter and convert iodine into thyroxine 

and triiodothyronine (Lebastchi & Callender, 2014). Parafollicular cells secrete calcitonin. 

 

Histo-pathologically there is no ideal criteria exists that perfectly distinguishes malignant 

from benign tumours. Kakudo and co-workers suggests that literature also fails to distinguish 

thyroid cancer classifications perfectly (Kakudo et al., 2011). World Health Organization 

(WHO) and Armed Forces Institute of Pathology (AFIP) are two main classifications of 

thyroid carcinomas and focuses on different things. According to WHO criteria primary 

thyroid tumours are classified as either epithelial or non-epithelial and benign or malignant 

(Scopa, 2004). In AFIP classification cell origin and cell variant are highly ranked. Malignant 

carcinomas of the follicular cells of the thyroid gland are traditionally grouped into: 1). 

differentiated thyroid carcinoma (DTC), poorly differentiated thyroid carcinoma (PDTC) and 

undifferentiated (anaplastic) thyroid carcinoma (UTC) based on their histology (Hedinger et 

al., 1988). DTC consists of PTC, FTC and their variants.  

 

PTC is the most the common subtype and constitutes about 80% of all thyroid tumours. It is 

characterised by distinctive features: papillae and nuclear membrane alterations such as 

optically clear appearance (referred to as Orphan Annie eyed), overlapping, grooves and 

pseudo-inclusions (Scopa, 2004; Giordano et al., 2015). The clinically detected tumour is 

usually confined to the thyroid macroscopically. However, spread is usually through the 

lymphatic system and leads to regional lymph node metastases, mostly cervical node 

metastasis; and multi-focal diseases (Scopa, 2004; LiVolsi, 2011). There are several types 

or variants of PTC, classical (conventional) PTC, follicular variant of papillary thyroid 

carcinoma (FVPTC), tall cell variant and columnar cell variant, solid variant and diffuse 

sclerosis variant (Scopa, 2004; LiVoisi, 2011; Giordano et al., 2015).   

 

The follicular variant of papillary thyroid carcinoma (FVPTC) is characterised by an almost 

pure and exclusive follicular growth pattern with nuclear features of PTC. It is easily 

cytological misdiagnosed as follicular carcinomas or adenomas as the nuclei rarely presents 

with all PTC characteristics (LiVolsi, 2011). The biological behaviour is identical to that of 

classical PTC, but its metastases pattern may follow either or both PTC and FTC 

(Nishiyama, 2000; Scopa, 2004). The tall cell variant of papillary thyroid carcinoma is 

characterised by the presence of ‘tall’ cells that are double its width. The tumour presents 

with an intense eosinophilic-stained cytoplasm, well-developed papillary pattern and is 

known to extend beyond the thyroid (Scopa, 2004). It usually makes up 10% of PTC cancers 

and commonly occurs in elderly patients. The solid variant of papillary thyroid carcinoma is 
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noted by a solid growth pattern with round instead of the oval classical-PTC’s nuclei 

features. This variant was commonly seen in children and was quite prevalent after the 

Chernobyl nuclear accident in 1986 (LiVolsi, 2011). This tumour may also be described as 

PDTC. Diffuse sclerosis variant of papillary thyroid carcinoma is microscopically 

characterised by the presence of widespread intra-glandular lymphatic permeation by micro-

papillae. It is found in about 3% of PTCs and mostly affects children and young adults. This 

variant may present with calcification in the thyroid lymphatics. In comparison to the classical 

PTC, it has a poor prognosis (Kakuda et al., 2011; LiVolsi, 2011). 

 

Follicular thyroid carcinoma (FTC) displays a similar architecture to that of normal thyroid 

tissue, consequently they consist of follicles and demonstrate capsular and vascular 

invasion, but lack the diagnostic nuclear features of PTC (Sabrinho-Simoes et al., 2011). It is 

agreed among several researchers that only follicular carcinomas show evidence of vascular 

or capsular invasion. Invasion may either be minimal (encapsulated) or widely. Minimally 

invasive tumours are most common. Highly invasive tumours spread through a large area, 

usually permeating adjacent tissue or infiltrating blood vessels (Scapo, 2004). There is 

difficulty in distinguishing between categories of invasiveness by fine needle aspiration 

(FNA), thus a reliable molecular marker is needed. The frequency of FTC is 5-10% in non-

iodine deficient regions and increases slightly in iodine-deficient regions (Scapo, 2004; 

Sabrinho-Simoes et al., 2011). Hurthle cell carcinomas are usually defined as a variant of 

FTC. They are derived from follicular epithelium (Barnabei et al., 2009). They are considered 

a rare type forming about 3-10% of thyroid carcinomas. Hurtle cells are also found in other 

non-neoplastic conditions such as Hashimoto thyroiditis, nodular and toxic goiter. Hurthle 

cell neoplasms are often characterised by vascular or capsular invasion, extra-thyroidal 

extension, systemic metastases and lymph node metastases (Barnabei et al., 2009; Maximo 

et al., 2012). Broadly, hurthle cells are not confined to the thyroid tissue; they have been 

seen in the salivary gland, parathyroid glands, oesophagus, pharynx, kidney, liver and 

pituitary (Ahmadi et al., 2016). 

Poorly differentiated thyroid carcinomas are described to have an insular growth pattern with 

the absence of nuclear PTC features. In 2006 WHO presented distinct cytological and 

histological diagnosis criteria. It is described as having little evidence of structural follicular 

differentiation and as an intermediate between differentiated thyroid carcinomas and 

undifferentiated carcinomas (Asioli et al., 2010; Sadow & Faquin, 2012). These tumours are 

characterised by small size and uniformity of cells, necrosis, mitotic activity, capsular and 

vascular invasion (infiltrative growth pattern) (Nikiforov, 2012; Giordano et al., 2015). 

Undifferentiated (anaplastic) thyroid carcinomas arise from pre-existing well-differentiated 
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thyroid carcinoma or de novo; and present with three growth patterns: spindle cell, giant cell 

and squamoid cell (Scapo, 2004). They have highly aggressive cells which loses evidence of 

follicular cell differentiation and exhibit high mitotic activity (Schulten et al., 2012; Giordano et 

al., 2015).  

 

1.4 Hallmarks of cancer 

 

Abnormal cells in the body are usually kept under control through different mechanisms. 

However, when these abnormal cells evade the immune system and divide uncontrollably 

they form growths known as cancer. In this process, these cancer cells acquire 

characteristics that enable them to continue replicating, resist death and continue to spread.  

In 2000 Hanahan and Weinberg coined these biological capabilities acquired by cancer cells 

during their development as hallmarks of cancer. Six hallmarks of cancer were initially 

proposed and over the years further populated (Figure 1.4). 

 

 
 

Figure 1.4: The hallmarks of cancer as proposed in the 2000 perspective (Hanahan & 

Weinberg, 2000). 

 

Briefly, the six hallmarks included (i) sustaining proliferative signalling for their survival, (ii) 

Resisting cell death because programmed cell death is a mechanism which signals 

damaged cells to die and usually occurs through apoptosis among normal cells (Dagnini, 
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2015); (iii) Inducing angiogenesis because like normal cells, tumour cells also require blood 

vessels for their survival and growth. ; (iv) Enabling replicative immortality which is important 

for cancer cells to be able to grow to escape the limit of normal cells.  (v) Activating invasion 

and metastasis, processes that are important for tumour cell survival; (vi) Evading anti-

growth signals because anti-growth signals block constant proliferation. 

 

1.5 Molecular pathways associated with thyroid cancer 

 

Phosphoinositide-3-kinase (PI3K) pathway 

 

The PI3K pathway is non-linear and transmits signals through protein-protein or lipid-protein 

effectors. It plays a key regulatory function in cellular processes such as proliferation, 

differentiation, glucose metabolism, protein synthesis and cell survival (Liu et al., 2009). The 

PI3K pathway is one of the most frequently activated signalling pathways consisting of key 

markers of human cancer such as phosphatase and tensin homolog deleted on 

chromosome 10 (PTEN), mTOR, AKT and PI3K. Its dysregulation is linked to numerous 

human diseases including diabetes, cardiovascular disease, cancer and neurological 

disease (Vara et al., 2004; Jiang & Liu, 2008; Liu et al., 2009).  
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Figure 1.5: PI3K pathway is initiated when its membrane receptors are activated and PI3K 

activity increases. PI3K produces phosphatidylinositol-3,4-diphosphate (PIP2) and 

phosphatidylinositol-3, 4, 5-triphosphate (PIP3) which activates (PDK1) and Akt. 

(Georgescu, 2011). 

 

PI3Ks can be activated either by receptor tyrosine kinases (RTKs) or G-protein coupled 

receptors (GPCR) which form part of the plasma membrane (Figure 1.5). PI3Ks have been 

divided according to their structural characteristics and substrate-binding specificity into 

three classes: I, II and III. 

 

Serine/Threonine AKT 

 

Akt is also known as protein kinase B. It has three isoforms Akt1, Akt2, and Akt3; which are 

all encoded for by 3 different genes, PKBα, PKBβ and PKBᵧ respectively. The isoforms have 

a similar structure with 80% amino acid homology (Vara et al., 2004). Akt becomes activated 

when it interacts with PIP2 and PIP3, therefore being translocated to the inner membrane 

where PDK1 is located. Conformational changes within Akt occur when its phosphorylation 

sites are exposed. The phosphorylation sites include T308 and S473 which must both be 

phosphorylated for maximal Akt activation. Following activation, Akt is translocated to the 

nucleus, where many of its substrates are located (Vara et al., 2004; Altomare & Testa, 

2005; Georgescu, 2010). The activation of Akt plays a central role in many processes 

including cell cycle progression through inhibition of p27 kip1, protein synthesis by the 

activation of mTOR, glucose metabolism and apoptosis (Altomare & Testa, 2005). The 

dysregulation of Akt therefore contributes to the development and progression of human 

cancer. 

 

PTEN   

 

Phosphatase and tensin homologue deleted on chromosome 10 (PTEN) is a tumour 

suppressor gene, an antagonist of PI3K. It is also referred to as MMAC1. It has dual activity 

and located on chromosome 10q23. This gene is the second most mutated in somatic 

cancers, preceded by p53. PTEN’s main substrate is PIP3, whom it dephosphorylates at the 

3’ inositol position. It is thus a negative regulator in the PI3K pathway (figure 8) (Liu et al., 

2009). In somatic cancers PTEN is commonly inactivated by promoter methylation and 

microRNA interference (Georgescu, 2011). Other PTEN mutations could be due to 

hereditary conditions such as Cowden syndrome, which is characterised by an increased 

risk for developing breast, thyroid and endometrial cancer (Georgescu, 2011). The loss of 
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PTEN in the pathway leads to the accumulation of PIP3, leading to the activation of AKT and 

its downstream effectors. Mutations of PTEN can lead to either complete or partial 

elimination in its expression (Blanco-Aparico et al., 2007). Therefore, the level of PTEN 

mutation inversely correlates with tumourigenesis and Akt activation (Georgescu, 2011). 

 

The above-mentioned pathways are central to the development of thyroid cancer. The 

differentiation of cells into particular thyroid cancer subtypes depends on which pathway is 

affected (Figure 1.6). A follicular thyroid cell can either develop into PTC or FTC if the MAPK 

pathway or the PI3K-AKT pathway is mutated respectively. However, these subtypes can 

further differentiate into PDTC and anaplastic (ATC). 

 

Figure 1.6: Schematic illustration of thyroid tumourigenesis driven by genetic alterations and 

how each subtype develops. (ATC-anaplastic thyroid carcinoma, FTA- follicular thyroid 

adenoma, FTC- follicular thyroid carcinoma, PDTC- poorly differentiated thyroid carcinoma, 

PTC-papillary thyroid carcinoma) (Xing, 2013). 

 

1.6 Molecular targets and genetic variation in thyroid carcinoma 

 

Molecular targets in the pathogenesis of thyroid carcinoma are rearranged 

translocations/papillary thyroid carcinoma (RET/PTC), RAS and BRAF. The mutations are 

specific to the type of thyroid cancer that develops (Figure 1.4). 

 

 

 

 



12 
 

BRAF V600E 

 

BRAF is a serine/threonine kinase, a member of the RAS gene family which functions 

downstream in the mitogen activated protein kinase (MAPK) pathway. It is found on 

chromosome 7q34 (Ascierto et al., 2012).  There are numerous BRAF mutations, with BRAF 

V600E occurring frequently- 80% of all BRAF mutations (Huang et al., 2013). The BRAF 

V600E mutation occurs when there is a valine to glutamic acid amino acid substitution at 

position 600 in BRAF (Huang et al., 2013).  

 

The mutation is known as a marker of aggressive thyroid cancer. The literature suggests that 

this mutation is associated with older age group, lymph node metastases and advanced 

stage of tumour (cancer stage III and IV) (Liu et al., 2016). These clinicopathological features 

are known as risk factors for recurrent or persistent disease (Huang et al., 2013; Liu et al., 

2016). 

 

RAS 

 

The RAS gene has 3 isoforms, nRAS, KRAS and hRAS. They function in the transduction of 

signals from tyrosine kinase and G-coupled receptors in the MAPK and PI3K-AKT signalling 

pathways (Howell et al., 2013). These pathways are important in cell differentiation, 

proliferation and survival (Howell et al., 2013). In the mutated form, RAS has an increased 

affinity for GTP (codon 12 and 13) or it can inactivate its autocatalytic GTPase function 

(codon 61) (An et al., 2015; Howell et al., 2013). These alterations lead to aberrant activation 

of downstream MAPK and PI3K-AKT pathways (Howell et al., 2013; Guerro et al., 2016). 

 

RET/PTC 

 

Rearranged in transformation/papillary thyroid carcinoma (RET/PTC) is one of the most 

common genetic alterations in PTC. It occurs in 10-40% of PTC cases (Zhang et al., 2015). 

It forms when a fusion occurs between the 3’ intracellular tyrosine kinase domain of the RET 

gene with a different gene’s 5’region (Caria et al., 2014; Zhang et al., 2015). The fusion 

results in the expression of truncated tyrosine kinase domain of the RET receptor. There are 

14 types of RET/PTC rearrangements and about 3 that are common- RET/PTC 1, RET/PTC 

2 and RET/PTC3 (Zhang et al., 2015). These fusions target phosphoinositide-dependent 

kinase (PDK1), which is a pivot serine/threonine kinase in growth factor signalling pathways, 

resulting in increased PDK activity and ultimately leading to tumour cell proliferation (Zhang 

et al., 2015).   
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1.7 Thyroid carcinoma risk factors 

There are various factors that predispose an individual to thyroid cancer. These risk factors 

include: iodine deficiency, radiation exposure and hereditary conditions (Cowden syndrome 

and Gardner’s syndrome) 

Iodine-deficiency 

Iodine is needed in the synthesis of thyroid stimulating hormone (TSH), a key hormone 

responsible for the production of thyroid hormones. Thyroid hormones regulate the 

metabolism of most cells, and play a vital role in protein synthesis and in early growth. The 

synthesis of thyroid hormone is regulated by the hypothalamus which stimulates the pituitary 

gland to secrete TSH (Kapil, 2007). An inadequate supply of iodine in the body results in the 

thyroid gland synthesizing thyroid hormone below the required amount. The gland 

compensates for the shortage through overproduction, overworking the gland leading to its 

enlargement known as goiter or thyroid hypertrophy (Kapil, 2007). Thus adequate iodine 

intake is pivotal in normal thyroid gland function. 

A review by Zimmerman and Galetti investigated the association between iodine intake and 

thyroid carcinoma in animal studies, showing a difference between animals that were fed 

iodine deficient diets from those with iodine-excessive diets (Zimmerman & Galetti, 2015). A 

majority of the female rats that had iodine deficient diets resulted in an increase in serum 

TSH, thereby causing thyroid carcinoma, particularly follicular thyroid carcinoma 

(Zimmerman & Galetti, 2015). Iodine is a dietary requirement significantly affected by food 

insecurity. This explains why iodine deficiency disorders are seen to have a higher 

prevalence in developing countries such as Africa and Asia (Kapil, 2007). Iodine deficiency 

is said to contribute to the incidence of FTC (Woodruff et al., 2010). This means that a 

relative proportion of DTC in a particular geographical area largely depends on dietary iodine 

intake, thus PTC will be predominant in iodine-sufficient areas and FTC in iodine-deficient 

areas (Wartofsky, 2000). This has been observed in several studies. Woodruff and co-

workers reported PTC to be the predominant subtype in developed countries; accounting for 

almost 85% all thyroid carcinomas (Woodruff et al., 2010). They also reported on the 

prevalence of PTC and FTC in various countries; in Mexico they observed 79% of PTC 

cases and 7.6% FTC cases. In West Africa, they observed 35.7% for PTC and 24.8% for 

FTC (Woodruff et al., 2010). In a South African study based in Durban, black African patients 

had a slightly even distribution with 42% of the cases classified as PTC and 40% as FTC. 

However, in Indian patients, 68% was noted to be FTC and 16% of the cases to be PTC 



14 
 

(Mulaudzi et al., 2001). The vast variation in the proportion of FTC cases described above 

may be partly attributed to iodine-deficiency as stated by Wartofsky, 2000. 

 

The World Health Organisation (WHO) has guidelines on dietary iodine intake. Several 

countries have adopted these guidelines in an effort to decrease iodine deficiency disorders 

(IDD). Although this has contributed to the reduction of IDD in some countries, others have 

experienced unnecessarily high iodine intake resulting in iodine-induced hyperthyroidism. 

The guidelines recommend that infants less than 12 months require an intake of 130 mcg 

per day, children between 2 and 8 years need 90 mcg per day and school children between 

9 and 13 years require 120 mcg per day. Adults defined as individuals of age greater than 13 

years require a daily iodine intake of 150 mcg, whereas pregnant and lactating women need 

250 mcg daily (Zimmermann, 2009). 

 

Radiation 

There is a consensus among researchers that thyroid cancer incidence is directly 

proportional to radiation dose, with risks being the same in both genders. Age of exposure is 

found to influence risk significantly thus making children most vulnerable to radiation 

exposure (Boice, 2006). There are various sources of radiation from medical treatments to 

fallouts from power plants and nuclear weapons. Medical imaging tests such as X-rays and 

CT scans usually expel low doses of radiation making its contribution to thyroid cancer 

insignificant. Natural radiation from cosmic radiation and natural radioisotopes can also be 

ruled out as a contributing risk factor (Reiners, 2009). However, external radiation such as 

ionizing radiation increases the risk for thyroid cancer and hypothyroidism (Ron et al., 1995; 

Gilbert, 2009). Several radiation fallouts have occurred in the past, namely Hiroshima and 

Nagasaki atomic bombings during World War II in Japan and the Chernobyl accident.  

 

Hereditary conditions 

Hereditary conditions may predispose an individual to various diseases, including cancer. In 

thyroid cancer, conditions such as Cowden’s syndrome and Gardner’s syndrome are risk 

factors and their relationship has been extensively researched. Cowden’s syndrome is a rare 

autosomal dominant disorder characterised by the formation of non-cancerous tumour like 

growths called hamartomas. It is caused by a germline mutation in the phosphatase and 

tensin homologue deleted on chromosome ten (PTEN), a tumour suppressor gene (Hobert & 

Eng, 2009; Eng, 2000). PTEN is located on chromosome ten, position 10q23.3, its protein 



15 
 

product has both nuclear and cytoplasmic functions. In the cytoplasm, its predominant 

function is the regulation of PI3K/AKT pathway which plays a role in apoptosis and G1 arrest 

in the cell cycle (Georgescu, 2010). The protein’s key nuclear function is through the 

mitogen activated protein kinase (MAPK) pathway which also mediates cell-cycle arrest 

(Hobert & Eng, 2009). 

In more recent years another gene linking Cowden syndrome and thyroid cancer was 

reported by Yehia and co-workers who studied multi-generational families with Cowden’s 

syndrome. They carefully chose family members who displayed early onset of thyroid cancer 

(Yehia et al., 2015). They reported the SEC23B gene to be mutated only in family members 

that had thyroid cancer. The gene encodes for an essential component of coat protein 

complex II (COPII). They are vesicles that transport proteins from the endoplasmic reticulum 

to the Golgi body, thus vital for the processing of proteins for secretion (Yehia et al., 2015).  

Gardner’s syndrome is a variant of familial adenomatous polyposis (FAP), an autosomal 

dominantly inherited syndrome. The syndrome is characterised by the development of 

thousands of adenomas in the colon or rectum which can turn into colon carcinoma if left 

untreated. It is said to predispose individuals with colon cancer, with a lifetime risk greater 

than 90% (Punatar et al., 2012; Septer et al., 2013). It is reported that 1% of all colon cancer 

cases in the United States is caused by FAP (Septer et al., 2013). Familial adenomatous 

polyposis is caused by germline mutations in the adenomatous polyposis coli (APC) gene, a 

tumour suppressor gene located on chromosome 5q21 (Cetta et al., 1999; Septer et al., 

2013). The majority of these mutations are either nonsense or frameshift and result in a 

truncated protein. 

The association between FAP and thyroid carcinoma was first found in 1949 and is now 

known to be associated with the papillary thyroid cancer subtype characterised by a 

cribriform pattern (Cetta et al., 1999). The lifetime risk of developing thyroid cancer in FAP 

patients is 1-2%, this is a 100-150increased risk as compared to the general population. 

The pathology of FAP associated thyroid cancer was found to be predominantly papillary 

carcinoma with most of the mutations in the APC gene. Thus, the recommendation is for all 

FAP patients is to have regular thyroid ultrasound examination 
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1.8 Management of thyroid cancer 

 

The American Thyroid Association released guidelines for adult patients with thyroid nodules 

and differentiated thyroid cancer in 2015. The first goal in the management of DTC is to 

remove the primary tumour, disease that may have extended beyond the capsule into 

cervical lymph nodes. 

 

1. Surgery 

Preoperative ultrasound is conducted to help in the preparation of the surgical procedure. 

Injury to the recurrent laryngeal nerve should be avoided. The operative approach followed 

depends on a number of things including, tumour size, patient’s age, lymph node 

metastases and the presence of extra-thyroidal extension. Complete resection of the tumour 

is important (Haugen et al., 2016).  

Following surgery, all patients are put on long term TSH suppression therapy with 

levothyroxine. This is to suppress the regrowth of tumour. (Pacini et al., 2006; Haugen et al., 

2016). 

 

2. Initial risk stratification 

Risk stratification is important in managing DTC as it helps in determining the prognosis of 

the disease and whether radioiodine therapy is needed. Serum TSH and thyroglobulin (Tg) 

levels are taken four to six weeks post-surgery. All patients receive therapeutic Iodine-131 

(131-I) therapy, which includes a whole body scan to localize areas of iodine uptake. This 

indicates areas of remnant thyroid tissue (Haugen et al., 2016). 

Tumour Node Metastasis (TNM) Staging is important in stratifying risk based on disease-

specific mortality. The descriptions are based on the American Joint Commission on Cancer 

(AJCC) staging scheme (Haugen et al., 2016). ATA (American Thyroid Association) risk 

stratification system helps in estimating the risk of recurrence. 

The decision to continue therapy with radioiodine relies largely on the risk of recurrence or 

persistent disease (Haugen et al., 2016). 

 

3. Adjuvant therapy 

Adjuvant therapy is external beam radiotherapy (EBRT) which is used in the management of 

unresectable residual disease, metastases in the bone and to prevent recurrence in patients 

(Haugen et al., 2016).  

The management approaches in thyroid cancer differ depending on risk stratification (Luster 

et al., 2008; Cooper et al., 2009). About 10% of DTC patients present with low risk, only 25% 
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of the high risk individuals will present with recurrence and about 50% of patients with 

aggressive tumours have a 3-year mortality (Hundal et al., 1998). Based on this, risk 

stratification is important in the management of thyroid carcinoma. 

 

1.9 MicroRNAs 

 

Introduction 

 

MicroRNAs (miRNAs) are small specialized non-coding single-stranded ribonucleic acid 

(RNA) molecules that are 18-25 nucleotides in length. They primarily control translational 

repression or inhibition through post-transcriptional regulation of some messenger 

ribonucleic acids (mRNAs) (estimated to be 30% of the human genome) by targeting and 

binding to the 3’-untranslated regions (UTR) of mRNAs (Medina et al., 2008; Hartwell et al., 

2011; Dluzen & Lazarus, 2015; Wojcicka et al., 2015). The first miRNA to be discovered was 

in the nematode Caenorhabditis elegans (C. elegans) by Lee and fellow researchers in 1993 

(Lee et al., 1993). To date, almost 2000 miRNAs have been characterized in humans and 

are reported in literature (Agretti et al., 2012). Lin-4 is an important gene in the larval 

development of C. elegans. The lin-4 RNAs regulates the amount of LIN-14 protein by 

binding to its mRNA’s 3’ UTR resulting in repression of cell division transition from the first 

larval stage to the second (Lee et al., 1993; Wightman et al., 1993). 

 

Biogenesis of miRNAs 

 

MicroRNAs may be found in the introns of the DNA in the nucleus and are then spliced out.  

They are then transcribed by RNA polymerase II in the nucleus and results in a primary 

transcript (pri-miRNA) as shown in figure 1.7. This pri-miRNA is 70 base pairs (bp) long and 

consists of a hairpin stem-loop which is then recognised by RNAse III enzymes, Drosha and 

DGCR8 (Dluzen & Lazarus, 2015). These enzymes bind to the stem-loop’s 5’ and 3’ ends, 

cleaving the flanking sequences and results in a precursor miRNA transcript (pre-miRNA). 

The pre-miRNA exits the nucleus into the cytoplasm where an endonuclease, Dicer, reduces 

the pre-miRNA into a double-stranded miRNA:miRNA* duplex, the guide strand is picked up 

from the duplex by an RNA-induced silencing complex (RISC) and becomes a functional 

miRISC. The other strand is degraded (Hartwell et al., 2011). The mature miRNA is 18-25 

nucleotides long (Carthew & Sontheimer, 2009; Yuan, 2014; Wojcicka et al., 2016). The 

mature miRNA can now bind to the 3’ UTRs of miRNAs leading to either the repression of 

mRNA translation or promotion of mRNA degradation depending on the degree of miRNA: 
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mRNA complementarity, this is a key determinant of the regulatory mechanism (Bartel, 

2004; Carhew & Sontheimer, 2009).  

 

 
Figure 1.7: Schematic representation of the biogenesis of microRNA as it leaves the 

nucleus into the cytoplasm and bids to its target mRNA as a mature miRNA (Dluzen & 

Lazarus, 2015). 

 

Function of miRNAs 

MicroRNAs are involved in most aspects of biology, including tissue development, 

homeostasis, oncogenesis, cellular differentiation and proliferation, apoptosis, survival, 

motility and morphogenesis (Bovell et al., 2013; Dettmer et al., 2013; Dluzen & Lazarus, 

2015).  
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MiRNAs affect protein expression through several mechanisms including a predominant 

mechanism: 

1. They can bind to the 5’ UTR of their target mRNA leading to an increase in protein 

expression (Tsai et al., 2009). 

 

2. They can interact with genomic deoxyribonucleic acid (gDNA) directly by acting as a 

transcriptional regulator (Garzon et al., 2010). 

 

3. The predominant mechanism is miRNA binding to the 3’ UTR within their target 

mRNA leading to a decrease in protein expression. The reduced protein expression 

occurs in one of two ways: a reduction in target mRNA levels through mRNA 

degradation and by an overall decrease in translation (Guo et al., 2010). 

 

Seed sequences are found at the 5’end of the miRNA, they are important in target 

recognition. Binding at the miRNA can either occur at the 3’ or 5’ end. The 5’ end binding is 

important for proper miRNA functioning and requires perfect complementation to the target 

mRNA (Garzon et al., 2010). Binding that occurs at the 3’ end of miRNAs is less specific and 

does not require perfect complementarity. The 3’ miRNA binding allows a single miRNA to 

have multiple mRNA target and vice-versa. Sequence homology and similarities within the 

human genome allows for this (Dluzen & Lazarus, 2015). 

 

MiRNAs in cancer 

 

MicroRNAs play a key role in human cancer development and have been studied 

extensively. MiRNAs can either function as tumour suppressors or oncogenes and can thus 

lead to the onset of tumourigenesis (Dettmer et al., 2013; Suresh et al., 2015). The down-

regulation of miRNAs can result in increased oncogene expression and the overexpression 

of some miRNAs can lead to the repression of tumour suppressor genes, leading to 

tumourigenesis (Suresh et al., 2015). 

 

MiRNAs have two important features: 

1) They are relatively stable; their short length makes them resistant to endonucleolytic 

cleavage 

2) Their expression profile is highly specific for a given cell and disease state (Wojcicka et 

al., 2015).   

Thus their expression in normal tissue will be different from that in a cancer tissue. They can 

be detected in various biological materials such as plasma, serum, urine, saliva and 
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archived formalin-fixed and paraffin-embedded samples (Bovell et al., 2013; Wojcicka et al., 

2015). These characteristics and their specific signatures in a particular tissue has seen 

them emerging as potential diagnostic and prognostic tools (Lu et al., 2005; Lee et al., 

2013).  

Numerous miRNAs studies have confirmed the tissue and disease-state specificity that 

miRNAs assert. A study by Al-Sheikh and co-workers explored miRNA expression profile 

signatures in plasma and tissues of colorectal cancer patients. Plasma samples were age 

matched with plasma of normal control and tissue was compared to adjacent normal 

mucosal tissue (Al-Skeikh et al., 2016). They profiled the expression levels of miRNA-145, -

195, -29 and -92. A statistically significant increase in the expression level of miRNA-29 and 

-92 was observed in diseased tissues. Whereas a significant decrease/downregulation of 

miRNA-145 and -195 was seen in the adjacent normal tissue (Al-Skeikh et al., 2016). The 

same results were seen in plasma samples. This study illustrates that miRNAs have specific 

expression profile signatures and are disease-specific.   

 

Another study by Hanke and co-workers found unique miRNA signatures in normal and 

disease state tissues. The study investigated miRNA expression in normal versus bladder 

cancer tissue and noted different sets of miRNAs being aberrantly expressed in tumour 

tissues compared to the corresponding normal tissues (Hanke et al., 2013).   

 

Literature suggests that miRNAs can also be used as prognostic tools (Lee et al., 2013). 

MiRNA 21 has been extensively investigated and its overexpression is associated with poor, 

encompassing cell proliferation, invasion, lymph node metastases and advanced clinical 

stage in many cancers (Oue et al., 2014). MiRNA-21 targets several tumour suppressor 

genes including PTEN, a lipid phosphatase which antagonizes the PI3K/AKT pathway (Wu 

et al., 2016). The pathway has an important effect on numerous biological functions.  

 

MicroRNAs in thyroid cancer  

 

The deregulation of miRNAs has been reported in numerous cancers, including thyroid 

cancer. Several miRNA profile signatures have been reported in literature, the most common 

report on the up-regulation of miRNA-221, miRNA-222, miRNA-146b, miRNA-181 and 

miRNA-21 (He et al., 2005). 

 

He and co-workers investigated miRNA expression in PTC using microarray technology. 

Seventeen miRNA were found to be up-regulated in PTC compared to adjacent normal 

tissue, this was narrowed down to five miRNAs predicting thyroid cancer status: miRNA-221, 
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miRNA-222, miRNA-146b, miRNA-181 and miRNA-21 (He et al., 2005). The correlation 

between clinic-pathological features and the expression of each of these five miRNAs was 

explored by Sun and co-workers in Chinese patients and they identified the expression of 

miRNA-221 and miRNA-222 to be significantly higher in PTC cases with the following 

features: tumour size > 2 cm, lymph node metastasis, advanced tumour node metastasis 

and extra-thyroidal invasion (Sun et al., 2013). They deduced that miRNA-221 and miRNA-

222 are involved in the development of PTC, invasion and its metastasis (Sun et al., 2013). 

 

MicroRNAs 221 and 222 

 

MicroRNA-221 and microRNA-222 are homologous; they share an identical ‘seed’ sequence 

(short 7-8 nucleotide regions at their 5’ ends through which they bind their target sites in 

mRNA 3’-UTR) which are evolutionary conserved. With an identical seed sequence, they 

then have identical target genes and are involved in the same pathways (Mercatelli et al., 

2008). Their target genes include cyclin-dependent kinase inhibitor 1B (CDKN1B, also 

known as p27 kip1) and phosphate and tensin homolog (PTEN) (Mercatelli et al., 2008). 

These genes are involved in the cell cycle and PI3K-AKT pathway respectively; pathways 

are involved in cancer development.  

 

1.10 Aim of study 

 

There is a major challenge in reliably distinguishing thyroid carcinoma patients who present 

with poor prognosis from those who do not. This study involves the investigation of 

microRNA expression in thyroid cancer in correlation with clinical and pathological features.  

 

The differentially expressed microRNAs from this pilot study will be used to determine the 

microRNA expression profile in PTC and FTC samples. These results will be correlated with 

clinicopathological features of patients, with a view to assess whether this data will enhance 

current diagnostic. 

 

Moreover, we would like to determine whether micro-RNA expression differentiates between 

follicular thyroid carcinoma and the follicular variant of papillary thyroid carcinoma. The 

microRNA expression profile could also be used to report on the possible pathways 

associated with thyroid carcinoma. 
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CHAPTER TWO 

METHODS AND MATERIALS 

2.1 Sample size determination 

 

A detailed literature survey was conducted and it was found that similar studies investigating 

microRNA expression in thyroid carcinoma and other human cancer used sample sizes 

ranging from 50 to 100. This is the range we decided to use for this study. 

2.2 Sample collection 

 

This study is a retrospective analysis of 66 differentiated thyroid cancer (DTC) cases (Figure 

2.1) seen at Groote Schuur Hospital between 2009 and 2015. The cases were chosen 

based on the patients’ initial diagnosis of differentiated thyroid cancer and availability of 

tissue blocks. Formalin Fixed Paraffin Embedded (FFPE) tissue blocks were collected from 

the archives of the Division of Anatomical Pathology at the University of Cape Town/National 

Health Laboratory Service.  Hematoxylin and Eosin slides were prepared and examined by a 

pathologist. Normal and tumour areas were demarcated. The relevant clinical and histologic 

characteristics of the cases were retrieved and are described in Table 3.1.   
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Figure 2.1: Diagram showing how samples were eliminated from the original number  

 

2.3 Haematoxylin & Eosin (H&E) staining 

 

Paraffin-embedded specimens were cut into 5µm thick sections and mounted on glass. 

Sections were dewaxed in xylene, brought down through alcohols and washed well in 

running tap water. The slides were then stained in Mayers haematoxylin solution for 5 

minutes at room temperature. Tissue sections were washed well in tap water and the nuclei 

N= 90 

Total number of patients with Differentiated 
Thyroid Cancer (DTC) identified initially 

N= 86 

Excluded 1 patient found to have medullary thyroid 
carcinoma (MTC) 

N= 87 

Excluded 3 patients found to not have cancer 

N= 66 

Exclusion of 20 patients: 10 for whom tissue 
could not be located in the archives and 10 
private patients with n access to tissue  
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blued with ammoniated water.  The slides were washed again in tap water. The cytoplasm 

and surrounding tissue were stained with 1% phloxine eosin for 2 minutes. The slides were 

then washed well in water, dehydrated in alcohol and cleared in xylene. Finally, sections 

were mounted onto coverslips using entellan. Following H&E staining, the pathologist 

demarcated tumour areas on the slides. 

 

2.4 Sectioning and preparation of tissue for extractions 

 

Formalin-fixed paraffin-wax-embedded tissue (FFPE) specimens were cut into 3 x 8µm 

sections with a rotary microtome. These sections were then picked up on glass slides and 

baked on a hot-plate at 60°C for approximately 10 minutes. The slides were brought down 

through three xylene baths to enable dewaxing, and three absolute ethanol baths to facilitate 

clearing of tissues. Finally, tissue sections were washed well in running tap water for 5 

minutes. The slides were left to air dry at room temperature.  

 

2.5 Pilot Study: differential microRNA expression in PTC and FTC 

 

Ten cases were chosen by a pathologist solely by microscopic histological examination of 

H&E slides. Half of these were PTC and the other FTC. All cases except one was female. 

The demographics are described in table 2.1  

 

Table 2.1: Demographics of 10 samples chosen pre-pilot study (U-Unknown; Pos-Positive; 

Neg-Negative). The samples used in the pilot study are highlighted 
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31 FTC F 1 35mm 35 Yes Yes Neg No U No 

32 FTC F 1 30mm 25 U U Neg U U U 

7 PTC F 1 5mm 63 No U Pos No No No 

10 PTC F 3 55mm 54 No U Pos No No No 

33 FTC F 4 50mm 59 No Yes Neg No U No 

42 FTC F 3 41mm 43 U U Neg No U U 

45 FTC M 2 30mm 23 Yes U Neg No No No 

17 PTC F 3 42mm 55 U U Pos Yes No No 

20 PTC F 1 15mm 69 U Yes Pos No No No 

22 PTC F 2 30mm 54 U U Pos No U No 
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The pilot study was carried out using the miScript miRNA PCR Array (Qiagen, Germany). 

Following the manufacturer’s advice, the integrity and quality of the RNA samples were 

evaluated by a Nanodrop ND 1000 Spectrophotometer and Agilent Bioanalyzer RNA 6000 

Nano Assay kit. Samples were sent to (Centre for Proteomic & Genomics Research (CPGR) 

 

 RNA extraction 

Following preparation of tissue sections for extractions (as described previously), the slides 

were superimposed on the relevant H&E slide and tumour areas previously demarcated by 

the pathologist were marked, scrapped off and the tissue transferred into a clean Eppendorf 

tube. Three 8µm sections were used for each sample and the relevant protocol from FFPE 

RNeasy Tissue kit (cat. no. 56404) (Qiagen, Germany) was followed. 

 

 Nanodrop 

The RNA concentration and quality was performed using the Nanodrop ND 1000 (Thermo 

Scientific, Wellington, DE 19810 USA). The instrument was blanked by using RNAse-free 

water at a volume of 1μl. Following this each of the samples was measured by pipetting 1μl 

of each sample onto the measurement pedestal and using the operating software on the 

computer. 

 

 Agilent Bioanalyzer 

The RNA samples were sent to CPGR for quantification. Human liver RNA with a 

concentration of 80ng/μl was used as an internal quality control sample. The following 

process was followed: 

 

RNA samples, control RNA and the Agilent RNA Nano Ladder were heat denatured at 70°C 

for 2 minutes in a thermal cycler. These were then immediately placed on ice following a 

brief spin. After priming the chip on the chip priming station with Agilent RNA Nano gel-dye 

mix, 5μl Agilent RNA Nano Marker was added to all wells including the ladder well. 1μl of 

sample was then added to the respective wells and the ladder (1μl) to the ladder well. The 

chip was vortexed with the IKA vortexer for 1 minute at 2400rpm and run in the Agilent 2100 

Bioanalyser 

 

2.5.1 MicroRNA extraction 

 

Following RNA quality and integrity measurement, the ten samples’ tissue was prepared for 

microRNA extraction as previously described. MicroRNA was then extracted in preparation 
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for usage in the miScript miRNA PCR Array in the following manner. The slides were 

superimposed on the relevant H&E slide and tumour areas previously demarcated by the 

pathologist were marked, scrapped off and tissue transferred into a clean Eppendorf tube. 

Three sections of 8µm per sample were used and the relevant protocol from miRNeasy 

FFPE kit (Qiagen, Germany) was followed. 240 µl Buffer PKD (Proteinase K Digestion 

Buffer) was added to the tube, mixed by vortexing and spun down for 1 minute at 11000g 

(Sigma, Germany). 10µl Proteinase K was added to the lower colourless phase and mixed 

gently by pipetting up and down. The tube was incubated at 56°C for 15 minutes using a hot 

water bath, then at 80°C for 15 minutes. The tubes were briefly vortexed every 5 minutes. 

Following the incubation, the lower colourless phase was transferred into a new 2 ml micro-

centrifuge tube, incubated on ice for 3 minutes and spun down at 20 000g. Following the 

spin, without disrupting the pellet, the supernatant was transferred into a new micro-

centrifuge tube and 25µl of DNase Booster Buffer and 10µl DNase 1 stock solution 

(previously prepared as per the miRNeasy FFPE Handbook) were added. The tube was 

briefly inverted, centrifuged and incubated at room temperature for 15 minutes. 500µl of 

Buffer RBC was added and mixed thoroughly followed by the addition of 1750µl ethanol to 

the sample and mixed by pipetting. 700µl of the sample was immediately transferred to an 

RNeasy MinElute spin column placed in a 2ml collection tube and spun with lids closed for 

15 seconds at 9000g. The flow through was discarded and the previous step was repeated 

until the entire sample had passed through the column. 500µl Buffer RPE was added to the 

column and spun down with lids closed for 2 minutes at 9000g and the flow through was 

discarded. The RNeasy MinElute spin column was put in a new 2ml collection tube, spun at 

full speed for 5 minutes with the spin column lids open to dry the ethanol. The used 

collection tube was discarded, replaced with a new 1.5ml collection tube, 20µl RNase-free 

water added directly to the spin column membrane and then centrifuged for 1 minute at full 

speed to elute the RNA (miRNA). 

 

Following the extraction, the miRNA concentration was determined by Nanodrop ND 1000 

as was described previously. However, RNA integrity could not be determined as these 

services were not available at CPGR. 

 

2.5.2 cDNA synthesis  

 

Following the determination of the concentration by a nanodrop and guidance from the initial 

RNA extraction’s RNA Integrity Number (RIN), two samples were chosen, one of each 

subtype, from the ten to be used for the pilot study. The two samples chosen had RNA 
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concentrations between 400-1000ng/µl and were diluted with RNase-free water to a 

recommended range of 125-250ng per RNA sample. We used the upper limit because our 

RNA samples weren’t limited. None of the RIN values of the ten samples had a RIN value 

between 7 and 10, which is the recommended RIN value. However, in FFPE samples 

degradation is seen and lower RIN values are expected. All ten samples had a RIN value 

greater than 2. Thus, this was not a deciding factor in choosing the two samples to use for 

the pilot study. The RNA of the two samples was converted to cDNA by a reverse 

transcription reaction using the miScript II RT kit (Qiagen, Germany). The 5x miScript 

HiSpec Buffer was used according to the manufactures protocol for the downstream 

application of Pathway-Focused miScript miRNA PCR Arrays. The reverse-transcription 

master mix was prepared on ice for both samples individually in PCR tubes to a total volume 

of 20µl as follows: 4µl 5x miScript HiSpec Buffer, 2µl 10x miScript Nucleics Mix, 2µl 200ng/µl 

miScript Reverse Transcriptase Mix,   2.5µl Template RNA and  8.5µl RNAse-free water. 

     

The PCR tubes were incubated for 60 minutes at 37°C, then 95°C for 5 minutes to the 

inactivate miScript Reverse Transcriptase Mix, then 4°C for 10 minutes using a Thermal 

cycler (GeneAmp PCR System 9700, Singapore). The two samples were then stored 

undiluted in a -20°C freezer for later use. 

 

2.5.3 cDNA quality control 

  

Following the conversion of miRNA to cDNA, a Polymerase Chain Reaction (PCR) using 

18S primers was done to determine whether miRNA had indeed converted to cDNA before 

using proceeding to the miScript miRNA PCR Array. Sequences used are: Forward 

(TTTCGCTCTGGTCCGTCTTG) and Reverse (TTCGGAACTGAGGCCATGAT). 

 

2.5.4 MiScript miRNA PCR Array 

 

MiScript miRNA PCR Array System is a Qiagen cutting-edge PCR technology that allows for 

miRNA expression profiling. It is a robust, sensitive and highly specific system whose results 

are reproducible. The array can be used for biomarker discovery, miRnome profiling and 

pathway-and disease- and relative focused miRNA profiling. Panel selection is either 

catalogued or customized. The catalogued panels are of biologically relevant pathways or 

disease- focused panels which includes inflammatory response and autoimmunity, cancer 

pathway Finder, cell differentiation and development among others. This system consists of 
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84 miRNAs and controls (C.elegans, 6 snoRNA miScript primers, miRNA reverse 

transcriptase control and positive PCR control). The miRNAs used in each panel have been 

thoroughly researched through literature analysis, bioinformatics and bench verified.  

 

Figure 2.2: miScript miRNA PCR Array Layout. 84 miRNAs involved in pathway of interest, 

controls for data normalization (C. elegans miR-39 and 6 miScript PCR Controls), reverse 

transcription performance, and PCR performance.   

(http://www.sabiosciences.com/manuals/miRNA_BROCHURE_SET.pdf) 

MiScript miRNA PCR Array system has a free, web based data analysis tool which uses raw 

CT values. One inserts the results from the thermal cycler, mark their control sample and 

analysis occurs automatically. The tool interprets PCR array controls and performing relative 

quantification, parameters can be changed according to the researcher’s preference. A 

variety of visual formats is included in the output result and allows for further interpretation of 

data.  

 

The cDNA was diluted prior to PCR as per manufacturer’s instructions by adding 200µl 

RNase-free water to the 20µl reverse transcription reactions. This was done for both 

samples. The miScript SYBR Green kit (Qiagen, Germany) was used in the reaction master 

mix prepared for each sample in the following manner to a total volume of 2750µl: 1375µl of 

2x quantiTect SYBR Green PCR Master Mix, 275µl 10x miScript Universal Primer, 100µl of 

Template cDNA and 1000µl RNase-free water.         

 

A Bio-Rad CFX96 (Bio-Rad Laboratories, Carlifonia, USA) was used for real time PCR with 

the following cycling conditions. Initial activation step at 95°C for 15 minutes followed by a 3-

step cycle of 40 cycles. Denaturation step: 94°C for 15 seconds, annealing step: 55°C for 30 

seconds and extension step: 70°C for 30 seconds. The ramp rate was 1°C/s. 

  

http://www.sabiosciences.com/manuals/miRNA_BROCHURE_SET.pdf
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2.6 Validation of miRNAs 

 

2.6.1 RNA extraction 

 

Following preparation of tissue sections for extractions, the slides were superimposed on the 

relevant H&E slide and tumour areas previously demarcated by the pathologist were 

marked, scrapped off and tissue transferred into a clean Eppendorf tube. Three sections 

were used for each sample and the relevant protocol from RNeasy FFPE Tissue kit (cat. no. 

56404) (Qiagen, Germany) was followed. 

 

2.6.2 Reverse Transcription 

 

Following RNA extraction, the samples were quantified using a Nanodrop ND 1000 

Spectrophotometer and the concentration converted from ng/ul to 1 ug. Samples were 

diluted with nuclease-free water to make a total reaction of 8 µl. The Promega Improm II 

Reverse Transcription System was used to convert RNA to cDNA.  

 

The Primer-Template Reaction was as follows: Template should be 1 µg, thus the volume of 

nuclease-free water and RNA varied per sample depending on RNA concentration. Oligo dT 

volume was constant in all reactions with a total reaction volume of 9 µl. This was then 

incubated at 70°C for 5 minutes and put on ice for 5 minutes. The experimental reaction was 

as follows with a total reaction volume of 11 µl: 5x First Strand Buffer, 1 µl of dNTPS, 1 µl of 

RNase Inhibitor, 2µl of 25mM MgCl2, 1µl of ImpromII Reverse Transcriptase and 1 µl 

Nuclease free water. The primer-template reaction was combined with the experimental 

reaction mixture making a 20 µl reaction. The PCR conditions were set as follows: 

Incubation at 42°C for 60 minutes, 42 °C for 60 minutes, 70 °C for 10 minutes and cooling at 

4 °C for 30 minutes. 

 

2.6.3 Quantitative PCR 

 

Quantitative PCR was used to validate the miRNAs that were found to be most upregulated 

in the two subtypes in the pilot study. The miR-21 primers (Forward: 5’-AAC ACC AGT CGA 

TGG GTC-3’ and Reverse: 5’-GGT CCA GTT TTT TTT TTT TTT TTA CA-3’) and 18S 

primers (Forward: 5’-TTT CGC TCT GGT CCG TCT TG-3’ and Reverse: 5’-TTC GGA ACT 
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GAG GCC ATG AT-3’) used were previously designed by ICGEB and used by a prior 

student in the laboratory. The miR-122 forward primer (5- TGG AGT GTG ACA ATG GTG 

TTT G-3’) was taken from Otsuka et al., 2011 and all were synthesized by the Molecular Cell 

Biology Centre at the University of Cape Town (UCT). The same reverse primer was used in 

both miRNAs. 

 

For the miRNA-21 qPCR validation experiment, 18S was used as reference gene and the 

KAPA SYBR FAST Master Mix (Universal kit) from Kapa Biosystems was used.  Each qPCR 

reaction was prepared as follows: 5 µl master mix (2x SYBR Green), 0.2 µl forward and 

reverse primer, 1 µl cDNA and ddH2O making the total reaction volume of 10 µl.   

 

Table 2.2: qPCR cycling conditions (BioRad CRX96 used) for miR-21 and miR-122 primer 

optimization   

 
Step Time Temperature (°C) Ramp rate (°C/s) 

    

Initial activation step 5 minutes 95 4.4 

    

3-step cycling: 45 cycles    

Denaturation 10 seconds 95 4.4 

Annealing: Gradient 15 seconds A: 70 

B: 68.8 

C: 66.6 

D: 62.6 

E: 57.8 

F: 53.9 

G: 51:3 

H: 50.0 

4.4 

Melt Curve 5 seconds 65 °C to 95 °C 

(increment of 0.5 °C) 

 

Extension 30 seconds 40 2.2 

 

Following the experiment and analysis of the quantification and melt curve data, the 

annealing temperature was chosen at 60 °C for miR-21 and 18S. For each sample, miR-21 

and 18S were ran twice in each experiment together with a no template control (NTC), a 

positive control (PTC) and a normal sample. This experiment was repeated twice. The plate 

was arranged as in Table 2.3. 

 

Table 2.3: Arrangement of 96 well plate in the miR-21 and miR-122validation experiment 
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 1 2 3 4 5 6 7 8 9 10 11 12 

A miR21 

1 

miR21 

1 

miR21 

2 

miR21 

2 

miR21 

3 

miR21 

3 

miR21 

4 

miR21 

4 

miR21 

5 

miR21 

5 

miR21 

NTC 

miR21 

PTC 

B 18S 

1 

18S 

1 

18S 

2 

18S 

2 

18S 

3 

18S 

3 

18S 

4 

18S 

4 

18S 

5 

18S 

5 

18S 

NTC 

18S 

PTC 

 

 

For the validation of miR-122, a similar process was followed as in miR-21. The primers 

were optimized first by a temperature gradient qPCR experiment and the optimal annealing 

temperature was chosen (Table 2.2). Following the analysis of quantification and melt curve 

data, the optimal annealing temperature chosen was 52 °C and the qPCR experiment was 

run the plate arrangement in table below. For each sample, a miR-122 and 18S was done 

twice, in addition a no template control (NTC), a positive template control (PTC) and a 

normal sample was included. This experiment was repeated. The 96 well plate was arranged 

as described in Table 2.3.  

 

2.7 Statistical analysis 

 

For the pilot study, analysis was done on the Qiagen miRNA miScript PCR Data Analysis 

website (pcrdataanalysis.sabiosciences.com/mirna/) and one subtype was used for 

normalization and vice versa. Reference genes were selected as explained 

In the validation experiments, the relative quantification method was used to determine the 

expression levels of miR- 21 and miR- 122 in the tumour relative to the normal. The 

expression levels were represented as 2-ΔΔCt values: (Ct tumour miRNA – Ct normal miRNA) - 

(Ct tumour 18S – Ct normal 18S).  The median of the expression of miR-21 and miR-122 was 

calculated as 0.162 and 1.93 respectively. Any expression that was higher than the median 

was considered as high and lower as low. The Fishers Exact Test (GraphPad Prism 7) was 

used to determine if there were any correlations between the high and low miRNA 

expressions and clinicopathological features. A p value of ≤ 0.05 indicated statistical 

significance.  For clinicopathological features, tumour stage I and II was considered early 

tumour stage and III and IV as advanced tumour stage, age of presentation was considered 

early if ≤45 years and advanced for >45 years (Lim et al.,2012).  
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CHAPTER THREE 

RESULTS 

 

The median age of DTC patients at presentation was 47,5 years (range, 13-88 years). The 

majority of cases were papillary thyroid cancer (n=38, 57.58%), consisting of conventional 

PTC (n=29), tall cell (n=3) and follicular variant PTC (FVPTC, n=6); and the follicular thyroid 

cancer cases (n=28, 42.42%) consisted of conventional FTC (n=22) and Hurtle cell (n=6).  

 

Table 3.1: Demographics of study cohort (n=66) illustrating the distribution of the two 

subtypes among the cohort (total number and different variants are indicated) and 

clinicopathological features associated with tumour aggressiveness highlighted 

 
Demographic parameter PTC FTC Total 

N (%) 

Gender    

Male 6 6 12 (0.18) 

Female 33 21 54 (0.82) 

    

Cancer stage    

Early (1 & 2) 20 15 35(0.53) 

Advanced (3 & 4) 12 10 22(0.33) 

Unknown 7 2 9(0.14) 

    

Distant Metastasis    

Present 5 5 10(0.15) 

Absent 26 18 44(0.67) 

Unknown 8 4 12(0.18) 

    

Extra-thyroidal extension    

Present 8 1 9(0.14) 

Absent 25 20 45(0.68) 

Unknown 6 6 12(0.18) 

    

Size of nodule    

>50mm 24 8 32(0.48) 

<50mm 7 12 19(0.29) 

Unknown 8 7 15(0.23) 
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Age of presentation    

>45 years 25 15 40(0.64) 

<45 years 14 12 26(0.37) 

    

Capsular Invasion    

Present 0 16 16(0.24) 

Absent 0 40 40(0.61) 

Unknown 1 9 10(0.15) 

    

Vascular Invasion    

Present 6 15 21(0.32) 

Absent 19 7 26(0.39) 

Unknown 14 5 19(0.29) 

    

BRAF mutation status    

Positive 20 0 20(0.30) 

Negative 19 27 46(0.70) 

    

Recurrence    

Present 2 2 4(0.06) 

Absent 17 4 21(0.32) 

Unknown 20 21 41(0.62) 

 

 

3.1 Pilot Study 

 

The miRNA miScript Array consisted of seven reference genes that could be selected for 

normalization. The expression of cell miR-39-3p is similar in both the FTC and PTC sample; 

however, this reference gene could not be used as the samples were not initially spiked as 

per the manufacturer’s recommendation. From the remaining reference genes (Figure 3.1), a 

variation in expression levels is seen in the two samples across all reference genes. Neither 

could be used independently, therefore we used an average of SNORD-61, -68, -72 and -95 

for normalization.  
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Figure 3.1: The fold change of reference genes in the miRNA miScript PCR Array in both 

samples (PTC and FTC) 

 

The differential expression of miRNAs in the two samples, each a representative of a 

differentiated thyroid cancer subtype is shown in Figure 3.2, -3.3, Appendix B and Appendix 

C. In follicular thyroid cancer, miR-122 was the most upregulated miRNA and in miR-21 in 

papillary thyroid cancer. The miRNAs upregulated in one subtype are downregulated in the 

other subtype. 
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Figure 3.2: Differential microRNA expression in FTC using the miRNA miScript PCR Array.  

MicroRNA 122 was the most upregulated miRNA in FTC (shown in the figure as the red 

arrow) and miR-21 was the most downregulated miRNA (represented here by the blue 

arrow). The results for PTC are the exact opposite (see appendix figure B). 
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Figure 3.3: Heat map diagram of differential microRNA expression in FTC. MiRNA miScript 

PCR Array was used and the most upregulated miRNA was miR-122 (brightest shade of 

blue) (PTC results in the appendix Figure C) 

 

The five most upregulated miRNAs in FTC were miR-122, miR-184, miR-373-3p, miR-215-

5p and miR-215-5p. The five most upregulated in PTC were miR-21, miR-23b-3p, miR126-

3p, miR-126-3p, miR-222 and Has-let7g-5p (Table 3.2). 
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Table 3.2: The most upregulated microRNAs in each subtype in descending order 

 

 PTC FTC 

   

1. miR-21 miR-122 

2. miR23b-3p miR-184 

3. miR-126-3p miR-373-3p 

4. miR-222 miR-215-5p 

5. Has-let7g-5p miR-372-3p 

 

3.2 Validation of miR-21 

 

The investigation of miR-21 in the sample cohort led to an observation of an overexpression 

of miR-21 in PTC patients. This mimics the pilot study results (Appendix B and Appendix C), 

with the miR-21 expression being upregulated in the PTC and downregulated in FTC (Figure 

3.2 and Figure 3.3). However, there is no statistical significance due to small sample size 

and variation in human tissue. 
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Figure 3.4: The expression of miR-21 in PTC versus FTC in sample cohort using the 

Fisher’s Exact test (p value= 0.4461). 
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The miRNA-21 expression in the sample cohort was divided as either low or high 

expression. This was then correlated to clinicopathological features and no relationship was 

established.  

 

Table 3.3: Correlation of miR-21 expression in thyroid cancer to clinicopathological features 

Clinicopathological Features 

Proportion relative to miRNA 21 expression 

High Low 

Gender 

Male 

Female 

p= 0.2170, not significant 

 

 

5.3% 

52.6% 

 

 

10.5% 

31.6% 

Cancer stage  

Early Stage (I & II) 

Advanced Stage (III & IV) 

p= 0.4928, not significant 

 

24.2% 

21.2% 

 

 

36.4% 

18.2% 

 

Age at presentation 

>45 years 

<45 years 

p= 0.3355, not significant 

 

21.6% 

21.6% 

 

 

19% 

37.8% 

 

Nodule size 

>30 mm 

<30 mm 

p= 1.00, not significant 

 

31.1% 

17.2% 

 

 

34.5% 

17.2% 

 

Extra-thyroidal extension 

Present 

Absent 

p= 1.00, not significant 

 

10.7% 

50.0% 

 

 

7.2% 

32.1% 

 

Vascular invasion 

Present 

Absent 

p= 1.00, not significant 

 

21.2% 

21.2% 

 

 

30.3% 

27.3% 

 

Capsular invasion 

Present 

Absent 

p= 1.00 not significant 

 

50.0% 

0.0% 

 

 

42.9% 

7.1% 

 

Distant metastases 

Present 

Absent 

p=1.00, not significant 

 

3.0% 

45.5% 

 

 

3.0% 

48.5% 

 

BRAF mutation status 

Positive 

Negative 

p=0.1435, not significant 

 

5.3% 

36.8% 

 

 

 

21.1% 

36.8% 
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3.3 Validation of miR-122 

 

MicroRNA-122 was found mostly upregulated in FTC patients. These results mimicked the 

pilot study where miScript miRNA Array was used to investigate the miRNA expression. 
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Figure 3.5: The expression of miR-122 in DTC, the overexpression of miR-122 found to be 

more prevalent in FTC than in PTC (T test non-significant (p value=0.2315)) 
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Table 3.4: Correlation of miR-122 expression in thyroid cancer to clinicopathological 

features 
Clinicopathological Features Proportion relative to miRNA 122 expression 

High Low 

Gender 

Male 

Female 

p= 0.714, not significant 

 

12.5% 

50.0% 

 

 

7.5% 

30.0% 

 

Cancer stage 

Early (I & II) 

Advanced (III & IV) 

p= 0.4551, not significant 

 

36.4% 

33.3% 

 

 

21.2% 

9.1% 

 

Age at presentation 

>45 years 

<45 years 

p= 0.3355, not significant 

 

40.0% 

22.5% 

 

 

17.5% 

20.0% 

 

Nodule size 

>30 mm 

<30 mm 

p= 0.1145, not significant 

 

28.6% 

39.3% 

 

 

25.0% 

7.1% 

 

Extrathyroidal extension 

Present 

Absent 

p= 0.6328, not significant 

 

66.7% 

8.3% 

 

25.0% 

0.0% 

Vascular invasion 

Present 

Absent 

p= 0.7015, not significant 

 

30.8% 

30.8% 

 

 

15.4% 

23.0% 

 

Capsular invasion 

Present 

Absent 

p= 1.00, not significant 

 

66.7% 

8.3% 

 

 

25.0% 

0.0% 

 

Distant metastases 

Present 

Absent 

p=0.602, not significant 

 

6.5% 

58.0% 

 

 

6.5% 

29.0% 

 

BRAF mutation status 

Positive 

Negative 

p=0.716, not significant 

 

16.7% 

44.4% 

 

 

13.9% 

25.0% 
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3.4 Correlation of BRAF V600E to clinicopathological features 

 

A separate study using the sample cohort investigated BRAF V600E mutation. From the 76 

patients used, 20 were positive and 56 negative for BRAF V600E mutation status.  The 

mutation status in the DTC patients was correlated to clinicopathological features. 

 

Table 3.5: The correlation of the presence of BRAF V600E mutation in differentiated thyroid 

cancer to clinicopathological features  
Clinicopathological Features 

 

Proportion Association with BRAF V600E 

Gender Female (77%) 

Male (23%) 

 

Not significant 

Cancer stage at presentation Stage I (44%) 

Stage II (8%) 

Stage III (18%) 

Stage IV (18%) 

Unknown (11%) 

 

Advanced stage (III & IV) vs Early stage 

(I & II) p= 0.002* 

Age at presentation >45 (59%) 

<45 (41%) 

 

p= 0.05* 

Nodule size >4 cm (62%) 

<4 cm (38%) 

 

Not significant 

Extrathyroidal extension Present (12%) 

 

p= 0.02 

Vascular invasion 

 

Present (36%) p= 0.04 (negatively associated) 

Capsular invasion Present (21%) 

 

Not significant 

Distant metastases Present (13%) 

 

Not Significant 

*significant statistical test included chi-squared, Fisher’s Exact Test 

 

There was a clear association between advanced tumour stage, advanced age at 

presentation and the presence of BRAF V600E mutation. However, no association was seen 

between the presence of BRAF V600E and vascular invasion, capsular invasion or 

metastatic disease. 
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CHAPTER FIVE 

DISCUSSION 

 

Thyroid cancer is the most common endocrine malignancy. It is histologically classified into 

follicular thyroid cancer, papillary thyroid cancer, anaplastic thyroid cancer and medullary 

thyroid cancer (Sun et al., 2013). The incidence of thyroid cancer has steadily increased 

globally, greatly attributed to an increase in the diagnosis of differentiated thyroid cancer 

(Sun et al., 2013; Morris et al., 2016). Differentiated thyroid cancer refers to PTC and FTC 

and accounts for the majority of all thyroid cancer cases. Thyroid cancer generally has a 

good prognosis with the majority of patients surviving for more than 10 years (Silver et al., 

2011). Patients that present with a poor prognosis usually have an aggressive tumour state. 

Features associated with tumour aggressiveness includes tumour size > 2cm, age  > 45, 

multi-focality, extra-thyroidal extension, distant metastases and histological PTC variants 

such as tall cell, columnar, insular and solid/trabecular (Silver et al., 2011; Han et al., 2015). 

It is therefore important to understand the underlying genetic features that differentiate these 

two groups and identify biomarkers that could be useful in either, the diagnosis of thyroid 

cancer or in improving the poor clinical outcome in these patients. The identification of these 

biomarkers during diagnosis may lead to careful monitoring of these patients or could serve 

as targets for personalized therapy thereby ensuring a more favourable prognosis (Sun et 

al., 2013, Tavares et al., 2015). 

 

MicroRNAs are non-coding RNA molecules which are 18-25 nucleotides in size. They are 

primarily responsible for negative regulation of genes post transcriptionally (Perdas et al., 

2016). They are dysregulated in disease states creating the potential for miRNAs expression 

signatures to be used as biomarkers in disease diagnosis and prognosis (Tavares et al., 

2015; Perdas et al., 2016). MicroRNA signatures have been reported in various tumours. A 

study of microRNA expression in differentiated thyroid cancer has not been conducted in a 

South Africa setting, namely the Western Cape. 

 

We investigated the expression profile of miRNAs in differentiated thyroid cancer as possible 

prognostic and diagnostic biomarkers. The differentially expressed miRNAs were correlated 

with clinicopathological features and BRAF V600E mutation status, which was previously 

established.   
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Study cohort demographics 

Most our patient cohort consisted of females (81%) which is consistent in literature where 

differentiated thyroid carcinoma has been reported to occur at a prevalence  2.9 times more 

in women than men (Rahbari et al., 2010). Globocan 2012 global statistics also reported a 

threefold prevalence of thyroid cancer in females (Ferlay et al., 2012; Bray et al., 2013).  

There is a clear disparity between males and females whose causation is poorly understood. 

However, it is hypothesized to be linked to reproductive and environmental factors (Memon 

et al., 2002; Rahbari et al., 2010). Papillary thyroid carcinoma was seen in 57,6% 

participants and the rest had follicular thyroid carcinoma (Table 3.1). There is usually a 

difference in the geographical trend of ratio of PTC to FTC dependent on dietary iodine 

intake. A greater percentage of PTC is usually seen in areas with sufficient dietary iodine 

intake. A South African study based in Durban had a cohort of 42% PTC and 40% FTC 

(Mulaudzi et al., 2001). This Durban study had approximate percentages for both subtypes, 

which is almost similar to our cohort which indicates a geographical trend in the ratio of PTC 

to FTC in South Africa. Advanced stage of tumour (stage III and IV) was seen in 33% of our 

cohort and distant metastasis in 15% (Table 3.1). The incidence age in thyroid cancer is 

known to rise at the beginning of reproductive years (15 years) and peak at 40-49 years for 

females and 60-69 years for males (Rahbari et al., 2010). The majority of our patients 

presented with age greater than 45 (60.1%), however age ranged between 13 and 88 years. 

This illustrates that while the majority of our cases fall in the peak incidence age, there are 

some cases that represent the beginning of reproductive years. The study cohort consisted 

of one deceased person. This may further explain that thyroid cancer indeed has a good 

prognosis with a small subset of patients presenting with poor outcome. However, this 

assumption may be premature because we studied DTC cases over a 6 year period 

between 2009 and 2015, which does not cover the 10 year phase which characterizes good 

prognosis in thyroid cancer. It must also be noted that this 10 year period is the given norm 

for the assessment of good prognosis, as per the published literature (Silver et al., 2011, 

Han et al., 2015). 

 

Pilot study: reference gene selection 

Microarray analysis is the most common technique used in the investigation of differential 

expression of microRNAs. A TaqMan microRNA panel was used by Nikiforova and co-

workers in determining whether thyroid tumours have distinct microRNA profiles (Nikiforova 

et al., 2008). Peng et al used a miRCURY LNA chip in the evaluation of cases representing 

three groups: low invasive PTC, high invasive PTC and benign nodular goiter (Peng et al., 

2014). We conducted a pilot study using the miScript miRNA PCR Array from Qiagen which 
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consisted of 84 microRNAs and seven reference genes to get a snapshot of the miRNA 

expression profile in thyroid cancer.  

 

The normalization of expression levels is an essential step in ensuring appropriate 

quantification of qPCR data. It allows for differentiation of true biological variations and the 

appropriate definition of the investigated phenotypic factors. Factors such as RNA integrity, 

sample preservation, enzyme efficiency and amount of raw material used can alter 

expression levels (Mase et al., 2017). Reference genes are used for normalization and are 

usually conserved in all tissue types. The miScript miRNA PCR Array has seven reference 

genes, however only five could be used for normalization in the pilot study data analysis. In 

the two samples investigated the expression of the reference genes were dissimilar, 

deviating from what is expected of reference genes. This prompted us to use the average of 

the five reference genes instead of choosing one for normalization. Jin and co-workers argue 

that the usage of stably expressed reference genes in array experiments may present a 

significant variation in test gene expression. Therefore, pooling the different endogenous 

reference genes for normalization leads to consistent information (Jin et al., 2004).  

 

Differential miRNA expression in FTC vs PTC: miScript miRNA PCR Array 

We found the miRNA expression profile of FTC compared to PTC to show miR-122 (to be 

the most upregulated miRNA. The top five upregulated miRNA in FTC in descending order 

included miR-122, miR-184, miR-373-3p, miR-215-5p, and miR-372-3p. Most studies 

investigating the expression of miRNAs in thyroid cancer have previously focused on PTC, 

with fewer studies centred on miRNA expression in FTC. This may be due to PTC being the 

most prevalent thyroid cancer subtype. A study by Weber and co-workers investigated the 

deregulation of miRNAs in FTC using a miRNA-chip array, human and mouse miRNA 11K 

version 2, which consisted of 460 mature miRNA probes. They compared FTC to follicular 

adenomas (FA) and identified four miRNAs, miR-192, miR-197, miR-328, and miR-346 

which were overexpressed in FTC (Weber et al., 2006). There were no similarities in their 

overexpressed miRNAs in comparison to our findings.  

 

We identified the miRNA expression profile of PTC to be opposite to that of FTC. The 

miRNAs overexpressed in PTC in descending order were miR-21, miR-23b-3p, miR-222, 

and Has-let7g-5p . Unlike FTC, the role of miRNAs in PTC seems to be of greater interest in 

the literature. The overexpression of these microRNAs has been validated in numerous 

studies. Let-7 was originally discovered in C. elegans and known to regulate the timing of 

stem cell division and differentiation. It was the first discovered human miRNA and highly 

conserved in sequence and function across species. The Let-7 family consists of nine 
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mature let-7 miRNAs which share the same seed sequence (Rousch & Slack, 2008; Chou et 

al., 2017). The deregulation of let-7 is deleterious and has been linked to the development of 

poorly differentiated aggressive tumours. This suggests that let-7 miRNAs functions as 

tumour suppressors. In normal thyroid gland tissue, let-7 miRNAs are highly expressed 

indicating the crucial role they play in the development and functionality of the thyroid gland 

(Chou et al., 2017). The downregulation of members of the let-7 family has been observed in 

a microarray study in PTC samples by Pallante and co-workers (Pallante et al., 2006). This 

deregulation led to the loss of function of let-7, thus linking it to the development of 

aggressive tumours. The let-7 family has complementary binding sites in the 3- untranslated 

region of all three RAS gene mutations (HRAS, KRAS and NRAS). RAS mutations form part 

of the known most common genetic alterations in thyroid cancer, including BRAF mutations 

and RET/PTC rearrangements (Perdas et al., 2016; Chou et al., 2017). These mutations 

activate the mitogen-activated protein kinase (MAPK) pathway, and are found in more than 

70% of PTCs (Chou et al., 2017). We found let-7g-5p to be upregulated in PTC (Table 3.2), 

contradicting the above mentioned studies. A patient (Table 2.1, sample 17) presented with 

features of tumour aggressiveness: presence of extrathyroidal extension, age of 

presentation greater than 45, BRAF V600E mutation and tumour stage III. Aggressive 

tumours are normally seen in the downregulation of let-7 miRNAs. These contradictions 

require further investigations. 

 

MicroRNA-222 is another miRNA that was found to be highly expressed in PTC when the 

miScript miRNA Array was used. Numerous studies on miRNA dysregulation in PTC in 

comparison to normal thyroid tissue have demonstrated an upregulation of miRNA-222 

(Pallante et al., 2006; Lee et al., 2013; Sun et al., 2013; Suresh et al., 2015). This suggests 

miRNA-222 to form part of the distinct miRNA profile linked to PTC tumourigenesis. This 

miRNA is known to target the KIT transcript. In a study by He et al showing miRNA-221, 

miRNA-222 and miRNA-146 as overexpressed in PTC samples in comparison to normal 

thyroid tissue, where the expression of Kit protein was investigated (He et al., 2005). A 

western blot of Kit protein was run using paired PTC tumour and normal thyroid samples and 

they observed either a strong reduction or complete absence of Kit protein in the PTC 

samples. They detected Kit protein in the normal thyroid tissue samples illustrating that the 

KIT mRNA transcript is a target for miRNA-222, miRNA-221 and miRNA-146. The KIT gene 

encodes for c-Kit, also known as CD117 and a member of the tyrosine kinase family (Liang 

et al., 2013). It is a transmembrane receptor responsible for transmitting signals from the cell 

surface into the cell. The dysregulation of this Kit mRNA may lead to a disruption in the 

PI3K-AKT pathway. However, the exact impact of the decreased functionality of tyrosine 
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kinase receptor on the PI3K-AKT pathway depends on the other receptors on the cell 

membrane, such as G-protein-coupled receptors (GPCR) and cytokine receptors. 

 

MicroRNA-222 plays a role in proliferation. Proliferation occurs as a result of cell growth and 

is linked to the abnormal expression of tumour suppressors. In pancreatic cancer miRNA-

222 was observed to be linked to the expression of ki67, a cellular marker for proliferation 

(Lopez-Saez et al., 1998). It has also been associated with the deregulation of cell cycle 

inhibitors, p27 and p57 in thyroid cancer (Lee et al., 2013; Sun et al., 2013; Suresh et al., 

2015). These cell cycle inhibitors are tumour suppressors and their downregulation leads to 

proliferation. A low level of p27 is regarded as a clinical marker for tumour progression (Vidal 

& Kolf, 2000). It would be interesting to investigate the expression of p27 and p57 in our 

cohort to establish the role of miR-222 in proliferation. 

 

The expression of miR-21 in PTC vs FTC and correlation to clinicopathological 

features 

The most upregulated miRNA in PTC from the pilot study was miR-21 which was further 

investigated in our study cohort. We noted an overexpression of miRNA-21 in our PTC 

samples in comparison to FTC (figure 4.4). The expression in PTC in comparison to FTC to 

was found to be non-significant using the Fisher’s Exact test (p value= 0.4461). This 

upregulated expression of miRNA-21 in PTC has also been seen in other studies. Suresh 

and co-workers investigated the expression of microRNAs in PTC using miRNA microarray 

profiling technology (Suresh et al., 2015). A panel of miRNAs were found to be significantly 

dysregulated between normal and tumour samples including miR-21, miR-146b, miR-221, 

miR-222, miR-31, miR-3613, miR-138 and miR-98 (Suresh et al., 2015). This study further 

investigated whether the observed highly upregulated miRNAs showed any racial disparity 

between American Caucasians and African Americans. In both races, miR-21 was found to 

be upregulated in more than 50% of PTC tumour samples. This suggests that there was no 

racial disparity influencing the expression of miRNA in thyroid cancer. We did not investigate 

the influence race might have on the expression of miRNAs in thyroid cancer; however this 

may be interesting to look at in the future with the racial diversity found in South Africa. 

 

A study by He et al investigating the role of miRNAs in PTC named miR-21 as part of the 

miRNAs that predict PTC status. They used paired PTC tumour with unaffected thyroid 

tissue from nine patients in a microarray analysis study and found six miRNAs to be 

overexpressed, miR-21, miR-221, miR-222, miR-181a, miR-146, and miR-155 (He et al., 

2005). They further validated these observations by using prediction analysis in the next set 

of samples, which resulted in only five of these miRNAs being overexpressed, miR-21, miR-
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221, miR-222, miR-146, and miR-181a. These five miRNAs were coined as being sufficient 

to predict PTC cancer status. Another study investigating the miRNAs profiles in PTC in 

comparison to benign thyroid nodules (BTN) found similar results to He and co-workers (Sun 

et al., 2013). The results from these studies were found to be consistent with our pilot study 

which showed miR-21 to be the most upregulated miRNA in PTC when compared to FTC 

and miR-222 among the most upregulated (Table 3.2). 

 

MicroRNA-21 is commonly upregulated in solid tumours, including breast, pancreas, 

prostate, colon, head and neck, lung, and oesophageal (Ribas et al., 2012). A study by 

Medina and co-workers suggested that miRNA-21 plays an important role in cancer 

pathogenesis. They found the deletion of miRNA-21 in mouse models led to a decrease in 

tumour formation (Hatley et al., 2010; Medina et al., 2010; Ma et al., 2011). The target genes 

of miRNA-21 have been found to have an effect on biological capabilities needed for cancer 

cells to develop and survive (Becker Buscaglia & Li, 2011). These biological capabilities are 

coined ‘Hallmarks of cancer’ and were updated to include, resting cell death, inducing 

angiogenesis, evading the immune destruction, activating invasion and metastasis, 

reprogramming energy metabolism, enabling replicative immortality, evading growth 

suppressors and sustaining proliferative signalling (Hanahan & Weinberg, 2011). 

  

However, miRNA-21 is predominantly known for its function in the inhibition of cellular 

apoptosis and in enhanced growth (Medina et al., 2010). The reduction in cellular apoptosis 

occurs by the suppression of numerous miRNA-21 target genes which are directly or 

indirectly involved in the intrinsic and extrinsic apoptosis pathways, thus promoting 

tumourigenesis (Becker Buscaglia & Li, 2011; Wu et al., 2016).). These target genes include 

PTEN, BCL2, PDCD4 and THRB (thyroid hormone receptor B).  Programmed cell death 4 

(PDCD4) is a tumour suppressor gene that forms part of the PI3K/AKT signalling pathway 

(Zhang et al., 2014; Wu et al., 2016). The upregulation of miR-21 in PTC could thus result in 

increased proliferation, leading to tumour progression. 

 

The association of miR-21 and epithelial mesenchymal transition (EMT) was also seen. 

During EMT, epithelial cells lose their cell-cell adhesion properties becoming migratory and 

invasive (Kalluri & Weinberg, 2009). EMT is regarded as a marker of tumour aggressiveness 

as it leads to invasion of neighbouring cells, therefore miR-21 may be described as a 

possible marker for tumour aggressiveness and a prognostic marker. Table 3.2 reports on 

how the high or low expression of miR-21 correlates to the clinicopathological features 

associated with tumour aggressiveness. We did not find any correlations between miR-21 

expression and clinicopathological features in DTC. However, miR-21 has been associated 
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with advanced clinical stage and lymph node metastasis in non-small cell lung cancer (Tian 

et al., 2016).  

 

The expression of miR-122 in FTC vs PTC and correlation to clinicopathological 

features 

MicroRNA-122 was seen as the most upregulated miRNA in FTC in our pilot study. This 

miRNA is rarely as dysregulated in thyroid cancer. A study by Peng et al found miRNA-122-

5p to be among the eleven miRNAs significantly deregulated in PTC in comparison to benign 

nodular goiter (Peng et al., 2014). They further validated these results using qRT-PCR and 

found miR-122-5p, miR-183-3p, miR-149-3p, and miR-514a-3sp downregulated in PTC. The 

downregulation of miR-122 in PTC is consistent with our results (Figure 4.5).  

 

MicroRNA-122 is highly expressed in the liver, making up 70% of total liver miRNA (Lee et 

al., 2004). It plays a role in cholesterol metabolism, but best known for its function in the 

replication of the hepatitis C virus (HCV) (Lund et al., 2004; Lanford, et al., 2010). 

MicroRNA-122 is an oncomir that binds to the 5’ noncoding region of HCV leading to an 

accumulation of viral RNA in the liver (Rothschild, 2014). The accumulation of miR-122 in 

cultured liver cells was shown to be essential in HCV (Lanford, et al., 2010). The therapeutic 

silencing effect of miR-122 was investigated by Krutzfeldt and co-workers using mice 

models. They sought to establish whether anti-miRNA oligonucleotides (AMOs) could be 

used as effective inhibitors of miRNA-21 (Krutzfeldt et al., 2005). The AMOs were used as 

antagomirs and administered intravenously in the mice and observed an increase in levels of 

miRNA-122 target mRNAs in the liver. MicroRNAs usually interact with their target genes by 

inducing cleavage, leading to inhibition of translation or reduced levels of mRNAs of their 

specific target genes. In the liver miRNA-122 has a role in cholesterol biosynthesis, thus in 

the treated mice the study observed reduced levels of plasma cholesterol indicating that the 

used AMOs were effective in inhibiting mature miRNA-122 in the animal models (Krutzfeldt 

et al., 2005). 

 

MicroRNA-122 is also seen in acute coronary syndrome (ACS). A study by Li and co-

workers identified miRNA-122 as part of  a panel of miRNAs as potential biomarkers for 

acute coronary syndrome using miRNA microarrays and it was found to be highly 

upregulated in the disease state and identified as a novel biomarker for ACS. (Li et al., 

2015).  

To date, only two studies have explored miR-122 in differentiated thyroid cancer. Reddi and 

co-workers reported on the upregulated expression of miR-122 in follicular thyroid carcinoma 

(FTC), who observed an 8.9-fold increase in expression of miR-122 in FTC when compared 
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to normal tissue and 9.2-fold increase in FTC when compared to follicular adenoma (Reddi 

et al., 2011). These findings are similar to what we noted in our pilot study, which 

demonstrated a high upregulation of miR-122 in FTC when compared to PTC (Figure 3.5). 

The expression of miRNA-122 in FTC has been linked to PAX8/PPAR gamma fusion protein 

(PPFP) which occurs frequently in FTC and displays oncogenic activity. Reddi and co-

workers observed a 16.8-fold increase in FTC with PPFP when compared to FTC without 

PPFP (Reddi, et al., 2011). Eberhandt and co-workers suggest that PPFP exhibits partial 

tumour suppressor activity by upregulation of miR-122 in FTC (Eberhardt et al., 2010). PPFP 

is known as an initiating event in FTC. It would be interesting to investigate the presence of 

PAX8/PPAR gamma mutation in the cohort and correlate the mutation status to the 

expression of miR-122. The high or low expression of miR-122 in the cohort was correlated 

to clinicopathological features associated with tumour aggressiveness (Table 3.4). We did 

not find any association of the expression of miR-122 to clinicopathological features and 

according to our knowledge there are no studies that investigated the association of miR-122 

upregulation to clinicopathological features in thyroid cancer. 

 

Correlation of BRAF mutation status to clinicopathological features 

The presence of BRAF V600E mutation was investigated in another study using our sample 

cohort. BRAF mutation is a common genetic alteration in thyroid carcinoma. These 

mutations are identified in nearly 50% of papillary thyroid carcinomas and are associated 

with poor clinical outcome (Tai & Poon, 2010). It has been found to be an independent 

predictor of tumour recurrence (Nikiforov, 2011). The findings from the study showed that 20 

of the 76 studied DTC cases were mutation positive. BRAF mutation is exclusive to PTC in 

thyroid cancer; it was interesting to note that all positive cases were indeed initially 

diagnosed as PTC. The association of BRAF mutation to clinicopathological features was 

investigated to establish its prognostic value in determining poor clinical outcome. We found 

BRAF mutation positivity to be associated with extra-thyroidal extension, advanced tumour 

stage (stage III and IV) and older age of presentation (>45 years) (Table 4.4). These are 

known as features that contribute to poor clinical outcome in thyroid cancer. An association 

was seen between the absence of vascular invasion and the presence of BRAF mutation. 

No association was seen with tumour recurrence or metastatic disease, even though BRAF 

mutation positivity had previously been suggested to be a predictor of tumour recurrence 

(Nikiforov, 2011). This suggests that although BRAF mutation positivity is a reliable marker 

for poor clinical outcome, it may need to be strengthened by the usage of other genetic 

markers such as RET/PTC rearrangements or RAS mutations.  

In a  BRAF V600E mutation study in China, mutation positive cases were associated with 

recurrent PTC disease, however no association was found with regard to age at 
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presentation, capsular invasion, nodal metastasis, gender or tumour stage (Huang et al., 

2014). The study identified the presence of BRAF V600E as an independent predictor of 

recurrent disease (Huang et al., 2014). Another study however, showed an association of 

BRAF mutation positive cases with lymph node metastasis (Hang et al., 2014). In all these 

studies, including ours, BRAF V600E mutation positivity was shown to be associated with 

numerous clinicopathological features, which are linked to poor clinical outcome. This 

illustrates the importance of BRAF V600E mutation as a marker for poor clinical outcome. 
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CONCLUSION 

 

The pilot study revealed the five most upregulated miRNAs in PTC (miR-21, miR23b-3p, 

miR-126-3p, miR-222 and Has-let7g-5p) and in FTC (miR-122, miR-184, miR-373-3p, miR-

215-5p and miR-372-3p). We did not find any correlations between clinicopathological 

features and the most upregulated miRNA in each subtype (miRNA-21 in PTC and miRNA-

122 in FTC). However, a study by Sun and co-workers found that an enhanced expression 

of miRNA-21, miRNA-221, miRNA-222, miRNA-181 and miRNA-146b. This expression was 

shown to occur more frequently in PTC patients with the BRAF mutation (Sun et al., 2013). 

BRAF mutation has been singled by Nikiforov as an independent predictor of tumour 

recurrence (Nikiforov, 2011). 

 

We found BRAF mutation positivity to be associated with extra-thyroidal extension, 

advanced tumour stage (stage III and IV) and older age of presentation (>45 years). We did 

not find any correlation between the expressions of miRNA-21 in PTC as seen in literature 

(Sun et al., 2013). We have shown that miRNA-21 and miRNA-122 may serve as diagnostic 

markers in thyroid cancer, but did not find any evidence suggesting that miRNA signatures 

may be used in conjunction with other molecular markers. 

 

This study recognises the need to distinguish between patients that present with a poor 

clinical outcome from those that do not. Patients that present with poor prognosis may 

benefit from following precision medicine (personalized medicine) using target therapy. 

Targeted therapy refers to treatment that works by targeting specific genes or protein thus 

leading to growth inhibition or killing the cancer cell. Understanding the molecular biology of 

cancer is an important part of target therapy. 

 

We have shown that each thyroid cancer subtype has its own miRNA signature. Future 

studies may focus on how these unique miRNA signatures can be used in targeted therapy. 

Anti-miRNA oligonucleotides (AMOs) can be used to target the miRNA of interest in 

particular subtypes and their effects can be investigated in either cell culture or animal 

models. To investigate the functionality of the AMO:miRNA duplex, the degree of inhibition of 

the target enzyme can be measured relative to the expression of the isolated miRNA. The 

binding affinity between these two molecules can also be measured to determine 

functionality of the duplex. In PTC for example, using an AMO that targets miRNA-21 will 

inhibit the overexpression of this miRNA leading to the expression of PTEN, which is a 

known tumour suppressor gene.  
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Finally, the miScript miRNA PCR Array used in our study provides an accurate snapshot of a 

range of different miRNA expression profiles. This data can be used in conjunction with 

clinical and pathological features to assist in assessing prognosis and further management 

of thyroid cancer. 
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Appendix 

1. Extraction of miRNA with miRNeasy FFPE kit 

 

2. Conversion of miRNA to cDNA (one step)   

 

 
3. cDNA added to QuantiTect SYBR Green PCR master mix, miScript Universal Primer and water 

Mixture aliquoted across array plate 

 
4. Run on real time PCR cycler 

 

 
5. Online data analysis 

 

Figure A: miScript miRNA PCR Array standard workflow (Qiagen, Germany) 

(http://www.sabiosciences.com/manuals/miRNA_BROCHURE_SET.pdf) 

 

 

 

 

http://www.sabiosciences.com/manuals/miRNA_BROCHURE_SET.pdf


68 
 

h
s
a
- l

e
t -

7
a
-5

p

h
s
a
-m

iR
-1

2
2
-5

p

h
s
a
-m

iR
-3

3
5
-5

p

h
s
a
-m

iR
-1

2
5
a
-5

p

h
s
a
-m

iR
-9

6
-5

p

h
s
a
-m

iR
-1

4
8
b

-3
p

h
s
a
-m

iR
-1

8
4

h
s
a
-m

iR
-1

5
a
-5

p

h
s
a
- l

e
t -

7
b

-5
p

h
s
a
-m

iR
-1

8
1
a
-5

p

h
s
a
-m

iR
-1

4
0
-5

p

h
s
a
-m

iR
-1

4
6
b

-5
p

h
s
a
-m

iR
-1

9
3
b

-3
p

h
s
a
-m

iR
-3

4
c
-5

p

h
s
a
-m

iR
-1

4
8
a
-3

p

h
s
a
- l

e
t -

7
g

-5
p

h
s
a
-m

iR
-3

7
3
-3

p

h
s
a
- l

e
t -

7
e
-5

p

h
s
a
-m

iR
-2

9
b

-3
p

h
s
a
-m

iR
-1

3
5
b

-5
p

h
s
a
-m

iR
-1

2
4
-3

p

h
s
a
-m

iR
-1

8
1
d

-5
p

h
s
a
-m

iR
-2

0
0
c
-3

p

h
s
a
-m

iR
-1

0
b

-5
p

h
s
a
-m

iR
-1

-3
p

h
s
a
- l

e
t -

7
i-

5
p

h
s
a
-m

iR
-7

-5
p

h
s
a
-m

iR
-2

9
a
-3

p

h
s
a
- l

e
t -

7
d

-5
p

h
s
a
- l

e
t -

7
f -

5
p

h
s
a
-m

iR
-1

8
1
b

-5
p

h
s
a
-m

iR
-1

6
-5

p

h
s
a
-m

iR
-1

7
-5

p

h
s
a
-m

iR
-3

4
a
-5

p

h
s
a
-m

iR
-1

4
4
-3

p

h
s
a
-m

iR
-1

4
3
-3

p

h
s
a
-m

iR
-1

9
a
-3

p

h
s
a
-m

iR
-1

8
a
-5

p

h
s
a
-m

iR
-1

2
6
-3

p

h
s
a
-m

iR
-3

7
2
-3

p

h
s
a
-m

iR
-2

3
b

-3
p

h
s
a
-m

iR
-3

2
-5

p

0 .0 0 1

0 .0 1

0 .1

1

1 0

1 0 0

1 0 0 0

1 0 0 0 0

D iffe re n tia l m iR N A  e x p re s s io n  in  P T C

M ic ro R N A s

F
o

ld
C

h
a

n
g

e
 (

lo
g

1
0

)

 

Figure B: Results from miRNA miScript PCR Array showing differential miRNA expression 

in PTC. MicroRNA-21 is the most upregulated miRNA in PTC, represented here by the 

highest peak 
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Figure C: Heat map diagram of differential microRNA expression in PTC. MiRNA miScript 

PCR Array is used and miRNA-21 is the most upregulated miRNA in PTC, represented here 

by the darkest shade 
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Figure C: Heat map diagram of differential microRNA expression in FTC. MiRNA miScript 

PCR Array is used and miRNA-122 is the most upregulated miRNA in FTC, represented 

here by the darkest shade 
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Figure D: The expression of miR-21 in PTC with normal as control 
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Figure E: The expression of miR-21 in FTC with normal as control 
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Figure F: The expression of miR-122 in PTC with FTC as control 
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Figure G: The expression of miR-122 in FTC with PTC as control 
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Figure H: The expression of miR-122 in FTC with normal as control  
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Figure I: The expression of miR-122 in PTC with normal as control 
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Figure J: BRAF V600E mutation analysis in thyroid cancer tissue. Tissues are stained with 

anti-BRAF V600E (VE1) monoclonal antibody (Ventana, Roche).  A) BRAF positive tissue 

staining brown which indicates a positive staining with the antibody. 

B) BRAF negative tissue with no brown colour indicating negative staining (Images provided 

by the Division of Anatomical Pathology, UCT)  
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