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Abstract 

A variety of factors such as genetic and epigenetic alterations is known to be involved in 

initiation and progression of the malignant lesion. microRNA dysregulation is identified as 

one of the epigenetic changes during cancer development. They play important roles in 

modulating range of pathways including cell differentiation apoptosis, cell invasion, 

Epithelial-mesenchymal transition (EMT) and angiogenesis.  

Angiogenesis is a vital process for cancer survival. The process of angiogenesis in 

malignancy is initially and mainly promoted by vascular endothelial growth factors (VEGFs). 

Over-expression of VEGF-A in different carcinomas has been reported, and its cross-talk has 

been described in cancer between angiogenesis and epithelial-to-mesenchymal transition 

(EMT) process. EMT is a process which generates motile and invasive cells and converts 

epithelial cells into mesenchymal cells. Subsequently, cells acquire migratory abilities, 

accumulate resistance to different types of cancer therapies and gain stem-cell like properties. 

Hence, tumour angiogenesis and EMT may promote cancer cells to aggressively grow, 

invasively metastasize and become resistance to anti-cancer therapeutic treatments.  

Thyroid carcinoma known as one of the highly-vascularised cancers with extensively invasive 

nature in its deadly undifferentiated class is chosen as an excellent cancer model for 

investigation of these mechanisms in cancer biology in this study.   

As a tumour suppressor and oncogene, miRNA-205 has a dual function to effectively inhibit 

or induce cancer progression. miR-205 is also considered as a leading role player in cancer 

angiogenesis and EMT process through targeting VEGF-A and Zinc Finger E-box binding 

homeobox 1 (ZEB-1).  
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In this study, effects of transient (has-miR-205 mimic) and permanent (pCMV-MIR-205 

expression vector) re-introduction of miR-205 in progression, angiogenesis and EMT 

processes in a variety of thyroid cancer cells in-vitro and in-vivo were investigated.  

Angiogenic regulatory role of miR-205: Significant inhibition of angiogenesis through 

reduction of VEGF-A expression (mRNA and protein) in cancer cells after transfection with 

miR-205 were confirmed by ELISA assay and co-culture study with endothelial cells 

(HUVECs) and transfected cancer cells in which significant inhibition of VEGF-A in 

extracellular matrix (cell culture media) and significant blockage in endo-tube formation were 

established (p<0.05).  

Growth inhibitory function of miR-205: Cancer cell growth and proliferation were also 

significantly reduced while apoptosis was induced after introduction of miR-205 (p<0.05).  

Modulatory role of miR-205 in EMT process: Significant reduction in the aggressiveness 

and invasiveness of thyroid cancer cells were observed by wound healing migration and 

transwell invasion assays in pCMV-MIR-205 stable cancer cell lines (p<0.05). In the 

investigation of the regulatory effect of miR-205 in EMT process, we further noticed that 

ZEB-1 and SNALI expression were remarkably down-regulated while E-cadherin was up-

regulated (p<0.05).  

We further expanded our approach into an in-vivo study where the action and potentials of 

miR-205 were observed in hindering the angiogenesis while reducing the invasive behaviour 

of a metastatic thyroid cancer cell line. BALB/c Nude mice were recruited in this platform 

and were subjected to subcutaneous implantation of pCMV-MIR-205 stable malignant cell 

lines. At the endpoint of the study and after 28 days of monitoring, tumour lumps were 

surgically removed and immunohistochemical staining (IHC) confirmed a significant drop in 

microvascular density in cancer tissues arising from pCMV-MIR-205 stable lines compared to 
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control population. Furthermore, none of the malignant lumps showed any metastatic lesion in 

the lung, liver or kidney while a significant drop in tumour size was noticed in the population 

of cancer tissues arising from pCMV-MIR-205 stable line (p<0.05). Data from IHC staining 

on cancer tissues for E-Cadherin (EMT marker), Ki-67 (Proliferation marker) and CD-34 

(Angiogenesis) showed similar results in concordance with our in-vitro findings. Our findings 

provide important insights into the simultaneous regulatory role of miR-205 and its capability 

in invasive cancer management through affecting several cellular pathways including 

angiogenesis and EMT. Because a single miRNA can target several genes at the same time, it 

can add advantage to the function of miRNA to control a range of processes leading to tumour 

formation and metastasis. It might open avenues to use miR-205 as a novel therapeutic 

method for cancers in which angiogenesis and EMT play critical roles.     
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1.1 Significances  
Cancer is a spectrum of diseases, which is characterised by out-of-control cell growth, and 

spread of abnormal cells (1). Environmental factors, infection and germline genetic defects 

can directly or indirectly transform the normal cells into the malignant cells (2). While there 

has been increasing knowledge about cancer’s diagnosis, prognosis and also treatment, it is 

still the second cause of death and a major human health problem throughout the world (3). In 

Australia, cancer is introduced as a leading cause of the total burden of diseases and injury, 

accounting for approximately 19% of the total disease burden. Therefore, the more 

understanding of the mechanisms of cancer development, the more potential strategies for 

cancer therapy will be found (4). 

Thyroid cancer as one of the most prevalent endocrine malignancies accounts for 

approximately 1% of all newly diagnosed cancer cases (5). The origin of the vast majority of 

differentiated thyroid tumours (94%) is follicular epithelial cells which constitute either 

papillary thyroid carcinoma or follicular thyroid carcinoma (6). 5% of the remaining which 

originates from parafollicular cells are medullary thyroid carcinoma, a neuroendocrine 

tumour. Anaplastic thyroid carcinomas as the most aggressive types of thyroid cancer can 

derive from pre-existing well-differentiated, differentiated papillary or follicular carcinomas. 

Although undifferentiated thyroid carcinoma is rare, it is characterize as the most lethal type 

of thyroid carcinoma (6).  

There has been a worldwide growth in thyroid cancer incidence over the past 30 years; in 

particular, it has approximately tripled in the US. In Australia, in 2009, 2039 new cases of 

thyroid cancer have been reported, accounting for about 1.8% of all new cancers (7). Between 

1982 and 2014 thyroid cancer increased by 281%, especially amongst female. In 2014,133 

deaths were reported caused by thyroid cancer in Australia(8) .   
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Like other cancer types, the initiation and progression of thyroid cancer happen through 

accumulation of different types of genetic and epigenetic alterations (9). These alterations can 

include activation and inactivation somatic mutations, microRNA dysregulation and aberrant 

gene methylation. Most importantly, tumour growth, metastasis and aggressiveness of thyroid 

cancer can be related to two crucial cellular/molecular pathways namely; angiogenesis and 

epithelial-mesenchymal transition (EMT) (10). Cancer cells can grow to 1-2 mm3 in diameter 

without blood circulation. However, to grow beyond this size they need new vasculature and 

blood supply which are obtained by the expression of growth factors. In the absence of 

vascular support, tumours may potentially interest to become necrotic or even apoptotic. 

Therefore, angiogenesis plays an integral role in the cancer progression and it is key step for 

tumour metastasis (11).  

Angiogenesis is a complex, tightly regulated process by which new blood capillaries are 

generated from the pre-existing vasculature (12). These new blood vessels are necessary to 

supply nutrients, oxygen, growth factors and proteolytic enzymes for the tumour and 

metastasis. Angiogenesis is the process in which the balance between anti and pro-angiogenic 

factors is required. Up-regulation of angiogenic factors as well as down-regulation of negative 

angiogenic regulators is directly involved in angiogenesis of the neoplasm (13).  

Among all pro-angiogenic factors, vascular endothelial growth factor (VEGF) and their 

receptors are crucial regulators of angiogenesis pathway and tumour growth. There are seven 

members in VEGF family; VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-F, and 

placental growth factor (PLGF) (14).  

VEGF-A as an important member of VEGF family enhances endothelial cell proliferation and 

survival. In addition, it can promote endothelial cell migration and increase vascular 
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permeability. The increase level of VEGF-A has been found in numerous types of cancers 

such as colorectal, prostate, breast and thyroid cancer (15) .  

Epithelial mesenchymal transition (EMT) is another dynamic cellular/molecular process that 

mediates the transition of epithelial cells into motile mesenchymal cells (16). EMT is an 

essential element of many developmental processes such as embryogenesis, organ 

development and wound healing; however, it also plays an important role in pathological 

fibrosis formation, and cancer progression and metastatic spread (17). The differentiation of 

epithelial cells is driven by a number of vital transcription factors such as ZEB-1/2, SNAI-1/2 

and results in the loss of epithelial cell characteristics that regulate its cellular functions. The 

changes during EMT include the loss of tight junctions and apical-basil polarity as well as the 

down regulation of paracellular communications (18). These are the key features of tumour 

cells to disseminate throughout the body and to start invading to the distant organs. It has 

been found that EMT mechanism can increase and generate the population of cancer cells 

with properties of stem cells or cancer stem cells (CSCs) (19). These cells have an ability to 

promote cancer cell growth by doing self-renew and to differentiate. EMT and cancer stem-

like cells have found as a main reason of the metastatic and aggressive characteristics of 

undifferentiated thyroid carcinomas and have been responsible for thyroid cancer therapy 

resistance and recurrent disease (19).  

One recent study has illustrated that there is a link between VEGF-A expression and EMT 

mechanism (20). They have introduced VEGF-A as one of the crucial stimulators of 

tumorigenicity and EMT of cancer cells. VEGF-A overexpression has noticed in breast cancer 

cells undergoing EMT. Moreover, cancer stem-like cells of human breast cancers have shown 

high expression of VEGF-A. Therefore, this study has reported that VEGF-A is an essential 

factor for EMT-induced angiogenesis (20).       
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There are several mechanisms and molecules which can regulate the expression of VEGF, 

angiogenesis and EMT, among which microRNAs have been introduced as vital factors in 

endothelial cells (ECs) and as important regulators of cancer progression processes (21).  

microRNAs are endogenously small, non-coding RNAs which can regulate the expression of  

their target genes at post-transcriptional level through binding to 3’ untranslated regions of 

their target mRNAs and subsequently decreasing the level of mRNAs or blocking protein 

synthesis (22). These molecular regulators are virtually implicated in almost all biological 

processes including development, differentiation, homeostasis, metabolism, growth, 

angiogenesis, apoptosis and EMT and in many human diseases and in a wide variety of 

cancers (23). Vascular development and angiogenesis are also among those events in which 

miRNAs have the regulatory roles. These miRNAs, called angio-miRs, can foster angiogenesis 

by targeting negative regulators or impede it by affecting positive regulators in angiogenic 

signalling pathways (21). A growing number of evidence has shown that due to the unique 

high stability of miRNAs and specific association with cancer, they can be potentially used as 

promising therapeutic targets (24). 

miRNA-205 has identified either as a tumour suppressor by inhibiting cancer cell growth, 

counteracting epithelial-mesenchymal transition (EMT), angiogenesis and invasion or as an 

oncogene through promoting tumour initiation and proliferation which depend on the 

particular tumour type and target genes (25). For instance, while there is a down-regulation of 

miR-205 in glioma, breast and oesophageal cancers, it has been reported to be up-regulated in 

numerous types of cancers such as lung cancer, bladder and ovarian cancers as well as head 

and neck cancer cell lines. To date, the only logical interpretation for this dual action has been 

associated with the cancer tissue-type, morphology and the target genes (26).  
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According to previous findings, miR-205 can also impair angiogenesis by acting as an anti-

angiogenic (27). It was found that over-expression of miR-205 resulted in decreased 

endothelial proliferation, reducing the endothelial cell capacity to migrate and reduce vascular 

formation. It was also revealed that miR-205 targeted Smad-1 and Smad-4 which are involved 

in the pro-angiogenic signalling pathway TGF- β. However, identification of VEGF-A as a 

direct target for miR-205 in various cancers may suggest that this miRNA can be a novel 

target for cancer therapy (28). Furthermore, as a regulator of EMT, miR-205 can suppress 

EMT by targeting the EMT-inducing transcription factor ZEB-1 (29). Due to consequence of 

partial complementary, each miRNA has an ability to target and regulate multiple genes 

simultaneously. Therefore, based on the targeting of VEGF-A and ZEB-1 involved in cancer 

invasion, miR-205 can be considered as a regulator of cancer metastatic potential.   

The main purpose of this research was to find the regulatory role of miR-205 in thyroid cancer 

invasion by targeting two major mechanisms; angiogenesis and EMT. Finding the exact 

modulatory role of miR-205 in thyroid cancer progression will provide a better understanding 

about this pathway and consequently a potential target for cancer treatment. Taking advantage 

of various molecular methods, this study mainly focusd on the manipulations of miR-205 in 

different types of thyroid cancer cell lines.  
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1.2  Aims and Hypotheses 

Aim 1: Investigate the role of miR-205 in thyroid cancer and examine the correlation of miR-

205 with cancer angiogenesis through VEGF-A expression. 

Hypothesis 1: Down-regulation of miR-205 correlates with over-expression of VEGF-A “an 

initiator of Cancer Angiogenesis”. 

Aim 2: Transient manipulation of miR-205 (introduction of exogenous miR-205) and evaluate 

its subsequent effects on cancer cell angiogenesis, proliferation and survival.  

Hypothesis 2: Over-expression of miR-205 can effectively suppress cancer cell angiogenesis, 

growth and proliferation while inducing apoptosis in nominated cancer cells. 

Aim 3: Examine the effectiveness of permanent transfection of miR-205 on angiogenesis and 

invasion mechanisms in selected thyroid cancer cells (in-vitro).  

Hypothesis 3: Permanent over-expression of miR-205 can inhibit cancer angiogenesis and 

invasive properties of nominated cancer cells. 

Aim 4: Study the effect of induced expression of miR-205 on angiogenesis and tumour 

growth process in tumour xenograft model (in-vivo)  

Hypothesis 4: Over-expression of miR-205 in in-vivo model can effectively reduce cancer cell 

invasiveness and angiogenesis in cancer tissues. 
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2.1 Cancer 

2.1.1  Epidemiology  

Cancer is a multifactorial disease characterised by uncontrolled cellular proliferation and 

growth (30). Under particular conditions, the tumour cells can migrate, invade and spread to 

other organs and tissues and eventually form secondary tumours called metastases. There are 

a wide variety of factors and conditions which can play a role to transform normal cells into 

malignant cells by affecting the normal function of various pathways such as cell cycle, 

apoptosis and signal transduction (2).  

Throughout the world, cancer is newly diagnosed in approximately 10 millions of people per 

year bringing about 5 million annual deaths (31). In developed nations, cancer is introduced 

as the second cause of death after cardiovascular disease, and in general, 10% of all deaths in 

the globe are as a result of cancer. Cancer is also a leading cause of death in Australia with 

more than 44,108 tolls in 2013. It is estimated that the number of diagnosed cases be set to 

rise to 150000 by 2020 (32, 33).  

Carcinomas and sarcomas are two main classifications of cancer, based on the fetal germ 

layer from which tumours arise (34). Carcinomas that have an origin from the fetal ectoderm 

or endoderm arise within tissues. These types of cancers are most common amongst adults. 

The most frequent type of cancer in children, sarcomas arise from tissues stemming from the 

fetal mesoderm. Tumours of the bone, muscle, connective tissue and blood vessels are 

generated by this type of fetal layer. Carcinomas of the lung, colon, prostate and breast 

account for roughly 50% of all cancer cases found in developed countries, whereas 

leukaemias and lymphomas are about 8-10% of all cancer cases (34).    
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2.1.2  Risk Factors 

Cancer pathogenesis is attributed to the DNA mutations, affecting cell growth and metastasis. 

Substances that can directly or indirectly trigger DNA mutations are called mutagens; those 

mutagens that cause cancers are introduced as carcinogens. There are a vast number of 

mutagens which are carcinogens, while some carcinogens are not mutagens (35).  

Both environmental and genetic factors could be the cause of the major carcinogens, 

comprising of four classes of agents namely; chemical, physical and biological agents and diet 

(36).   

Tobacco is one of the major chemical carcinogens which causes 30% of all cancer deaths in 

the USA, and this rate of death is still soaring due to smoking habits among female youth 

which has been on the rise ever since the1950s. More than 90% of all lung, bladder, kidney, 

and pancreas cancer cases and about 25% of colon cancers can be related to smoking (37).  

Improper diet, lack of exercise and obesity make up 30-35% of cancer deaths. Excessive 

consumption of fat and low intake of fruits and vegetables can increase the risk of colorectal 

cancer and probably prostate cancer. In addition, obesity in association with low physical 

activity is another risk factor which significantly raises the risk of several cancers (38). 

5% of all cancer deaths are related to occupational factors which can mostly affect lung, 

bladder and bone marrow. Workplace exposure as one of the most integral carcinogens can 

increase the rate of cancer between 10 to 100 times compared to the rate in unexposed people. 

Therefore, it is estimated that roughly 15% of lung cancer and 10% of skin and bladder cancer 

happen by workplace exposure (39). 

Various types of viruses both DNA and RNA viruses play important roles in causing 5% of 

human cancers (40). Epstein-Barr virus accounts for 10-15% of non-Hodgkin’s lymphoma 

and Burkitt’s lymphoma, 35–50% of Hodgkin’s disease, and 40–70% of nasopharyngeal 
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carcinoma, whereas human lymphotropic virus type I bring about 5% of adult T-cell 

leukaemias/lymphomas. Furthermore, 40–60% and 20-30% of hepatocellular carcinoma are 

caused by hepatitis B and C viruses respectively. Human papilloma viruses especially HPV16 

and HPV18 are responsible for 90% of cervical cancer (40).  

Ionising radiation from medical diagnostic and treatment procedure and industrial sources as a 

universal but weak carcinogen can also increase the risk of several cancers in particular 

breast, lung, and thyroid cancers and leukaemias (41). 

As another risk factor, long-lasting exposure to ultraviolet radiation from the sun can increase 

the possibility of melanoma and other types of skin malignancies. More than 90% of 

melanomas, basal cell carcinomas and squamous cell carcinomas are as a result of sunlight 

exposure. Not only does ultraviolet (UV)-B radiation damage DNA, but also the excessive 

exposure to the UV-A ray that beamed out from sun lamps and sun bed can cause DNA 

damage (41).   

The risk of different types of cancers such as breast, colon, prostate and lung can at times 

increase by 1.5-3 folds due to family history (42). Genetic mutations of key regulatory genes 

which occur in the germline can result in cancer predisposition. Defects in single genes that 

run in families bring about 5-10% of most types of cancers. The incidence of cancer can be 

affected by genetics polymorphisms which play an indispensable role in absorption, transport, 

metabolic activation, or detoxification of environmental carcinogens (43). 
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2.1.3  Molecular genetic of Cancer 

There are three types of genes which are responsible for tumorigenesis: oncogenes, tumour 

suppressor genes and stability genes (1). Although in various diseases such as cystic fibrosis 

or muscular dystrophy, mutations in one gene can cause disease, no single gene defect causes 

cancer. The various safeguards of mammalian cells play an important role to protect them 

against the probably lethal effects of cancer gene mutations, and invasive cancer develops 

when several genes are defective (30).  

2.1.3.1  Cancer-related Genes  

2.1.3.1.1  Oncogenes 

Oncogenes are the group of genes which become dysregulated as a consequence of mutations, 

driving cells proliferation and reducing the cell death sensitivity (30). Chromosomal 

translocations, gene amplifications or subtle intragenic mutations are the main reasons of 

oncogene activations by affecting pivotal residues which regulate the gene activity. In normal 

cells, these genes code for proteins which are involved in cell growth and differentiation 

pathways. Upon activation, oncogenes induce cell transformation which is characterised by 

the capability of foci formation, the ability of anchorage-independent growth and capability of 

tumour formation after being injection into immunologically compromised animals (30, 44).    

Based on the location of genes in the cell and their biochemical activity, oncogenes are 

categorised in seven classes, including growth factors, growth factor receptors, membrane-

associated guanine nucleotide-binding proteins, serine-threonine protein kinases, cytoplasmic 

tyrosine kinases, nuclear proteins, and cytoplasmic proteins (45). 

Ras oncogenes family is one of the most famous oncogenes which activate in numerous 

cancers, mostly as a result of point mutations, such as liver, colon, skin, pancreatic, and lung 
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cancers, leading to constitutive signalling of genes which are involved in cell proliferation, 

cell survival, and remodelling of the actin cytoskeleton (46). 

Another example is deregulation of c-myc which often happens by gene rearrangement or 

amplification in human cancers. In Burkitt’s lymphoma, a frequent reciprocal translocation 

between chromosomes 8 and 14 leads to uncontrolled expression and c-myc protein 

production, resulting in uncontrolled cell proliferation. The overexpression of myc is also 

common in solid tumours, however, is usually the consequence of gene amplification (47).   

2.1.3.1.2  Tumour Suppressor Genes 

In contrast to oncogenes, tumour suppressor genes are defined as genes, encoding proteins 

that generally inhibit cell proliferation and, subsequently, the formation of tumours by 

regulation of cell cycle and promoting apoptosis. Inhibitory function of tumour suppressor 

genes is inactivated by mutations which cause the development of cancer (30). Loss-of- 

heterozygosity (LOH) is a type of mutation by which tumour suppressor can stop functioning 

if both alleles become inactive. Therefore, mutations in tumour suppressor genes are usually 

recessive, while mutant oncogene alleles are typically dominant. Like oncogenes, tumour 

suppressor gene mutations induce the process of neoplastic by activating of cell birth or 

hampering of cell-cycle arrest or by providing of nutrients throughout enhanced angiogenesis, 

resulting in increasing the number of tumour cells (30).   

Retinoblastoma (Rb) is the first human tumour suppressor gene which causes retinoblastoma 

by inactivation in both alleles -- a rare childhood tumour of the eye and s dysfunction in 

several types of cancers including breast, lung and bladder (48). When various mutations 

cause loss of Rb function, the cell cycle gets deregulated and excessive cell growth results, 

leading to malignancies (48).  
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p53 is the most common target for genetic alteration in human tumours, whose abnormal 

expressions have been seen in more than 50% of sporadic human tumours, encompassing 

carcinomas of the breast, colon and lung which are three main causes of cancer deaths (49). 

Technically, p53 contributes to a wide variety of anti-cancer mechanisms by activating DNA 

repair proteins, arresting cell cycle at the G1 phase and initiation of apoptosis. Therefore, 

increased cell proliferation, decreased cell death and tumour development are the results of 

p53 mutations (49). 

2.1.3.1.3  Stability Genes 

Stability genes or caretakers which include: mismatch repair (MMR), nucleotide-excision 

repair (NER) and base-excision repair (BER), are the third class of cancer genes, promoting 

tumorigenesis in an entirely different way (30). These groups of genes play an integral role in 

repairing subtle mistakes, happening during normal DNA replication or being exposed to 

mutagens. Furthermore, there are other stability genes such as BRCA1, BLM and ATM with 

the function of controlling the processes such as mitotic recombination and chromosomal 

segregation processes which involve in large portions of chromosomes. Since the main role of 

stability genes is to keep genetic alterations to a minimum, when they do not operate properly, 

the rate of mutations in other genes increases. In other words, caretaker genes indirectly 

involve in the several pathways related to cancer (35).  
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2.1.4  Invasion and Metastasis 

Invasion and metastasis is a hallmark of malignancy. A complicated series of stages, 

metastasis requires obtaining several new characteristic features for tumour cells to 

successfully migrate and colonise in distant parts of the body (50). When cancer cells can 

detach from the primary tumour and degrade the extracellular matrix (ECM) proteins and 

consequently penetrate through the basement membrane, metastasis process begins. Tumour 

metastasis is dependent on several cellular/molecular mechanisms among which angiogenesis 

and epithelial-to-mesenchymal transition (EMT) have been introduced as two major processes 

in cancer progression and metastasis. 

Angiogenesis is referred to the formation of new vasculature from pre-existing blood vessels.  

There are two key routs—the blood and lymphatic vessels-- through which the escaped 

tumour cells can metastasize.  Tumours with various origins from different sites of the body 

show characteristic patterns of invasion. Tumours of head and neck, for example, spread 

initially to local lymph nodes, whereas breast tumour cells are capable of spreading to distant 

parts rather quickly (50).  

Typically, Cell adhesion molecules (CAM) are transmembrane receptors which are involved 

in binding with other cells or with the extracellular matrix (EMC) (51). These molecules have 

a vital responsibility to interchange the signals between the cell and its environment. A vast 

number of studies have indicated the different regulation of adhesion molecules and signalling 

pathways in an invasion, EMT and metastasis (52).   

2.1.4.1  Normal Angiogenesis  

Normal angiogenesis mostly happens during embryogenesis, where embryo establishes the 

initial vascular base and a sufficient vasculature for the organs to grow and develop (53). 
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Angiogenesis, also, occurs in the adult ovarian cycle as well as in physiological repair 

processes, including wound healing.  Conversely, little turnover of endothelial cells happens 

in the adult vasculature (54, 55).  

Several different procedures, involved in the microvasculature, play pivotal roles in 

maturation and remodelling of newly-formed microvessels (56). In the first step of new blood 

vessel formation, the mural cells or pericytes are removed from the branching vessel. 

Thereafter, specific proteases such as matrix metalloproteinases degrade endothelial cell 

basement membrane and extracellular matrix, resulting in new matrix synthesis via stromal 

cells. This new matrix can, in turn, foster the migration and proliferation of endothelial cells. 

This process is specifically activated by soluble growth factors. When endothelial cells divide 

sufficiently, they can block in a monolayer and generate a tube-like structure. In this stage, 

vessels are not covered by pericytes regress, as these cells are recruited to the abluminal 

surface of the endothelium. Blood flow is then established throughout the new-formed vessels 

(53, 56).  

Normal angiogenesis is a highly ordered process, requiring tight regulations for quiescent 

endothelial cells in a monolayer to divide and to spread the vascular network parallel with the 

demands of growing tissues. Numerous factors, of either positive or negative nature, are also 

needed to mediate normal angiogenesis signals and to promote the mechanism of this process 

(53).  

2.1.4.2  Tumour Angiogenesis 

Lack of oxygen and nutrients promotes the cells to die (57). When tumour cells grow further 

than a certain size (larger than a few millimetres), a simple dissemination is not adequate. 

Therefore it is necessary for the vascular system to undergo further growth and development 

to accommodate these new tissues and the process whereby these new blood vessels form 
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from a pre-existing network of vessels which is termed angiogenesis (58). An angiogenic 

switch is a vital factor in the growth of primary tumours as well as the formation of metastatic 

sites. The control of this process is highly complicated and needs the dynamic balance of both 

positive and negative stimuli (59). Tumour vascularization is connected to the imbalance of 

these regulatory factors, resulting in increased vessel density and over-expression of pro-

angiogenic factors (60). Hypoxia, inflammation and abnormal expression of tumour 

suppressors and oncogenes are some critical stimuli for tumour angiogenesis (61, 62). There 

are several steps involved in angiogenesis proceeding such as the stimulation of endothelial 

cells (ECs) by growth factors, the degradation of ECM by proteases, the proliferation of 

endothelial cells and migration into the tumour and eventually the formation of new 

capillaries (12).   

The properties of tumour blood vessels are no longer similar to those of the normal vessels 

(58). The aberrant expression of angiogenic regulators causes tumour blood vessels to have 

chaotic architecture and blood flow with an uneven diameter, excessive branching, and 

shunting. The walls of tumour vessels contain abundant openings, expanded interendothelial 

junctions and lack of basement membrane. These features are extremely contributed to the 

high vascular permeability of those vessels and bring about interstitial hypertension within the 

tumour. During tumour angiogenesis, ECs gain a highly proliferative capability and express 

several plasma membrane proteins such as integrins that are the characteristic of activated 

endothelium. 

2.1.4.3   Mechanism of tumour vessel formation  

Utilising a number of mechanisms to enhance the vascularization, cancerous cells disrupt 

normal angiogenic processes (58). While sometimes primary or metastatic tumour cells grow 

near the host blood vessels and acquire nutrients by co-opting the local blood supply, in the 
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majority of the cases, tumour blood vessels grow by the process called sprouting (57). 

Through this process, tumour cells promote the proliferation and migration of host ECs into 

the tumour by secreting trophic angiogenic molecules, in particular, VEGF. The main 

regulatory molecules of sprouting event are three families of transmembrane RTKs expressed 

on ECs and their ligands (VEGFs, angiopoietins, ephrins), which are produced by tumour 

cells, inflammatory cells, or stromal cells in the tumour microenvironment (63, 64). 

2.1.4.4  Factors involved in angiogenesis  

2.1.4.4.1  Vascular endothelial growth factor (VEGF) and Receptors 

One of the best-validated signalling pathways in angiogenesis is VEGF and its receptors (65). 

The VEGF family encompasses seven VEGF glycoproteins members including, VEGF-A, 

VEGF-B, VEGF-C, VEGF-D, and VEGF-E) and placental growth factors 1 and 2 (PLGF). Of 

these, the very well-characterized member is VEGF-A (14).  

Since VEGF-A was originally detected as a potential and fast inducer of vascular 

permeability, it is also called a vascular permeability factor (VPF) (66). Due to alternative 

splicing, there are several isoforms of VEGF-A including 121,145, 165, 183, 189 and 206 

amino acids among which VEGF 165 is the predominant isoform, commonly up-regulated in 

various types of human solid tumours (14). There are a wide variety of human and animal 

tissues, expressing low levels of VEGF-A, while some tissues such as fetal tissues, the 

placenta, corpus luteum and in many human tumours, requiring angiogenesis produce high 

levels of VEGF-A (15, 67).  VEGF-A is mainly secreted by cancerous cells by matrix 

metalloproteinase (MMP)-9 to facilitate tumour angiogenesis; it promotes tumour growth and 

mainly targets endothelial cells (14). Furthermore, VEGF-A plays a major role in postnatal 

angiogenic processes; wound healing, ovulation, menstruation, maintenance of blood pressure 
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and pregnancy, to name a few. This protein enhances the permeability of endothelial cells 

through increasing the activity of vesicular-vacuolar organelles which are clustered vesicles to 

promote the transport of metabolites between luminal and abluminal plasma membrane. 

VEGF-A can also increase the permeability of endothelial cells by affecting the arrangement 

of cadherin/catenin complexes in order to weaken the adherence of endothelial cell junctions 

(68-70). Therefore, VEGF can stimulate epithelial-mesenchymal transition through an 

autocrine loop, showing that VEGF not just plays a role in tumour angiogenesis but also 

involves in the early dissemination of malignant cells outside the epithelial layer.  

When vascular permeability gets increased, it allows for the extravasation of plasma proteins 

as well as the growth of extracellular matrix which are necessary for endothelial and stromal 

cell migration (71). Additionally, VEGF-A leads to increase the production of plasminogen 

activators (uPA and tPA), plasminogen activator inhibitor-1 (PAI-1) (72), and interstitial 

collagenase (73), suggesting the potential function of VEGF-A in inducing a balanced system 

of proteolysis as a crucial factor for angiogenesis (53).  

Numerous studies have investigated the VEGF-A role in stimulating proliferation of 

endothelial cells in vitro (74-76). They showed that this ability is specific to vascular 

endothelial cells and it cannot be seen in other cell types such as smooth muscle cells, corneal 

endothelial cells, lens epithelial cells, fibroblasts, and adrenal cortex cells (74, 75). Moreover, 

the migration of endothelial cells has been enhanced by VEGF-A (77). This migration is the 

first stage of endothelium branching from the pre-existing vasculature. Finally, it is reported 

that VEGF-A as a survival factor can repress the endothelial cell apoptosis (78).       

The second member of VEGF family is VEGF-B that is highly expressed in the adult 

myocardium, skeletal muscle and pancreas (14). There are two isoforms of VEGF-B as a 

result of alternative splicing of exon 6, generating VEGF-B167 (21 kDa) and VEGF-B186 (32 
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kDa). VEGF-B has commonly considered as an angiogenic factor due to its high sequence 

homology and similar receptor binding patterns to VEGF-A (14). However, in contrast to 

other VEGF family members, in most conditions, VEGF-B cannot affect angiogenesis and 

blood vessel permeability. In a recent study, Zhang et al. detected that although the role of 

VEGF-B in inducing blood vessel growth is negligible, it plays an important role in blood 

vessel survival under pathological conditions (79). This protein acts as a pleiotropic vascular 

survival factor which can affect all three types of vascular cells including vascular EC, 

smooth muscle Cells (SMCs) and pericytes (PCs). Since targeting VEGF-B can repress both 

choroidal and retinal neovascularization, it is considered as a crucial target in anti-angiogenic 

therapy (79).  

VEGF-C is the next important member of vascular endothelial growth factors which is 

involved in vasculogenesis, haematopoiesis, angiogenesis, lymphangiogenesis, and vascular 

permeability (79). It is abundantly expressed in several adult tissues including heart, placenta, 

ovary, small intestine, and the thyroid gland. However, in embryonic tissues, VEGF-C is 

expressed most prominently in lymphatic vessels where they undergo sprouting from 

embryonic veins, such as the perimetanephric, axillary and jugular areas (14).  The migration 

of endothelial cells, vascular permeability and endothelial cell proliferation, can also be 

stimulated by VEGF-C, however at higher concentrations than are required for VEGF-A (80). 

VEGF-C, as the first lymphangiogenic growth factor discovered, can control physiological 

and pathological blood-vessel growth in vivo. It has a unique function to stimulate 

angiogenesis in the mouse cornea and limb ischemia. Moreover, the regulation of lymphatic 

vessel growth has been controlled by VEGF-C (81).   

VEGF-D is mainly found in adult lung, heart, skeletal muscle, colon, and small intestine, 

whereas it is abundant in the developing embryonal lung tissues (14). VEGF-D that is also 
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known as a c-FOS-induced growth factor or FIGF is the second lymphangiogenic growth 

factor (81). The mature form of VEGF-D has 61% similarity in amino acid sequence with 

VEGF-C, bringing about these two VEGFs binds to the same receptors on human endothelial 

cells such as VEGFR-2 and VEGFR-3. VEGF-C and VEGF-D have the regulatory role to the 

response of lymphatic vessels in inflammatory processing as well as through the regeneration 

of tissues after trauma (82). They also play an important role in various physiological and 

pathological angiogenic conditions (82).      

VEGF-E is a group of VEGF-related proteins encoded by the orf virus and is not a 

mammalian VEGF homolog (83). These viral proteins have an essential ability to retain 

VEGF function, as they can signal through VEGFR-2 and promote angiogenesis in vitro and 

in vivo. In other words, it acts as a potent endothelial cell growth stimulatory activator and 

enhances the vascular permeability activity similar to those VEGF-As without the heparin 

binding region (53). 

VEGF receptors, which are receptor tyrosine kinases (RTKs), contain extracellular 

components and intracellular domains which bind to each member of VEGF family with 

different affinities (14, 84).  

VEGF-B and placental growth factor are bound to VEGFR-1 which is a potent and positive 

regulatory factor of angiogenesis. The critical role of VEGFR-1 is in physiologic and 

developmental angiogenesis. This receptor has a negative regulatory role in activating VEGF-

A either by acting as a decoy receptor for VEGF-A or by inhibiting VEGFR-2-mediated 

signalling (84).  

VEGFR-2 and its ligand VEGF-A are major targets of anti-angiogenic agents. This receptor, 

as the most important receptor in VEGF-induced mitogenesis and permeability, promotes 

majority of the cellular effects of VEGF-A during angiogenesis such as microvascular 
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permeability, endothelial cell proliferation, migration, and invasion (85, 86). By activation of 

this receptor during angiogenesis, the production of platelet activating factor (PAF) by 

endothelial cells is enhanced, resulting in stimulation of mitosis and migration of these cells 

and increasing vascular permeability (87).  

Another VEGF receptor is VEGFR-3 which binds with the highest affinities to VEGF-C and 

–D and has a critical role in lymphangiogenesis (81). VEGFR-3 signalling, similar to 

VEGFR-2, can involve in tumour angiogenesis, a process in which the receptor is expressed 

on both tumour blood vessels and lymphatics (80).   

It has been reported that there is a “crosstalk” between VEGFR-1 and -2, suggesting VEGFR-

1 negatively regulates VEGFR-2 signals. Endothelial cell proliferation mediated by VEGFR-

2, can be suppressed by VEGFR-1 and this effect depends on the PI3K pathway (14). 

Moreover, activation of VEGFR-1 by PLGF causes increased phosphorylation of VEGFR-2, 

probably via VEGF-A displacement that is bound to VEGFR-1, thereby resulting in it 

available for VEGFR-2 (65). Alternatively, VEGFR-1 induce signals which might positively 

regulate the VEGFR-2 output, for instance during attenuation of intracellular negative 

regulatory pathways that possibly contribute to phosphotyrosnie phosphatase (88). These 

opposing effects of VEGFR-1 on VEGFR-2 activity under different situations and in various 

types of endothelial cells, however, need to be more investigated.    

2.1.4.4.2  Fibroblast Growth Factor  

The fibroblast growth factor (FGF) family contains 18 ligands, interacting with 4 main 

receptors (FGFRs) (13). It has been reported that the FGF ligands are amongst the earliest 

angiogenic factors which are implicated in promoting vascular endothelial cell proliferation, 

migration as well as differentiation (89, 90). There has been found the up-regulation of 
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various FGF ligands and also their mutations in a wide variety of tumours. FGFs can mediate 

angiogenesis independently of VEGF. Particularly, FGF-2 has been shown to possess the 

potent angiogenic activity (13).      

2.1.4.4.3  Platelet-Derived Growth Factor 

The family of PDGFs, including 5 members and 3 receptors, have a potential capability to 

indirectly promote cell migration, survival, and proliferation and mediate angiogenesis by 

stimulating VEGF transcription and secretion (91, 92). PDGFs which are expressed by 

endothelial cells, act in a paracrine manner, employing PDGFR-expressing cells, mostly 

pericytes and smooth muscle cells, to the developing vessels (93). Over-expression of PDGF 

and/or PDGFR has been detected in human cancers, signifying a probable role for the PDGF 

pathway in carcinogenesis (13).  

2.1.4.4.4  Transforming Growth Factor 

Transforming growth factor- β (TGF- β) and its receptors (type I, II and III) are practically  

expressed by every cell type, although each of the 3 isoforms of TGF- β (TGF-β 1, TGF- β 2, 

and TGF- β 3) reveals a different tissue expression pattern (94). Angiogenesis, cell regulation 

and differentiation, embryonic development and wound healing are among those events in 

which TGF- β plays a role and also in which it has potent growth inhibition characteristics 

(94). Binding to type II receptors, TGF- β ligands recruit and phosphorylate type I receptors, 

activating downstream signalling proteins known as SMADs (95). Depending on the levels, 

TGF- β is believed to possess both pro-angiogenic and anti-angiogenic properties. While low 

levels of TGF- β is involved in angiogenesis through over-expressing of angiogenic factors 

and proteases, high doses of TGF- β stimulates basement membrane reformation, recruits 

smooth muscle cells, enhances differentiation, and impedes endothelial cell growth (95).    
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2.1.4.4.5  Inhibitors of Tumour Angiogenesis 

Apart from innumerable modulatory factors stimulating angiogenesis, there are many 

angiogenic inhibitors which can negatively regulate angiogenesis and blood vessels growth 

(53). More than 40 endogenous angiogenesis inhibitors have been discovered which can be 

allocated into 4 key groups namely; interferons, proteolytic fragments, interleukins, and tissue 

inhibitors of metalloproteinases (TIMPs) (96). Since inhibition of angiogenesis generally 

brings about the suppression of tumour growth, a majority of these inhibitors are in clinical 

trials as cancer therapeutics (53). 

2.1.4.4.6  Interferons 

Interferons (INF-α, β and γ), as members of a secreted glycoproteins family, were initially 

characterised for their antiviral effects (97). However, one of the first studies indicating the 

existence of endogenous angiogenesis inhibitors was demonstrated by IFN- α capability of 

inhibiting endothelial cell chemotaxis in vitro (98). More recently, several studies have 

indicated the role of interferons in the suppression of angiogenesis in-vivo. For instance, IFN- 

α inhibits vascularization of the chick embryo area vasculosa (99). In addition, it is probable 

that the ability of IFN- α and – β to down-regulate bFGF mRNA and protein levels in bladder, 

renal, colon, breast, and prostate carcinoma cells and the inhibitory effect of INF- α on cell 

migration underlies this in vivo suppression (100).   

2.1.4.4.7  Interleukins 

Interleukins which are secreted from leukocytes can regulate a broad range of activities, 

ranging from lymphocyte activation and proliferation to stimulation of IgE release from B 

cells (101, 102). It has been found that a subset of these lymphokines can affect blood vessel 

growth. Interestingly, those interleukins with a Glu-Leu-Arg (ELR) motif at the NH2 



 

Haleh Vosgha       School of Medicine     45 

 

terminus, such as IL-8, can potentially enhance angiogenesis, while those without this 

sequence such as IL-4 suppress it (103). IL-4 has an ability to directly inhibit tumour growth 

by suppressing of some cell proliferation (104) or by inducing a host immune reaction against 

the tumour (105). It also can stop tumour cell growth by other means such as inhibition of 

neoplastic angiogenesis. Furthermore, in-vivo neovascularization induced by bFGF in the rat 

cornea can be inhibited by the inhibitory role of IL-4. Thus, suppression of neovascularization 

is a crucial mechanism mediated by IL-4 in inhibition tumour growth (106).   

2.1.4.4.8  Tissue inhibitors of metalloproteinases (TIMPs) 

Extracellular matrix is a critical component of the angiogenic response (53). Remodelled 

extracellular matrix components contain a scaffold by which endothelial cells can adhere, 

migrate and form tubes. Deposition of these components generates the basal lamina that 

insheathes endothelium and mural cells (107). Metalloproteinase family are among those 

proteases which are involved in this remodelling, necessary for the progression of 

angiogenesis (53). It has been reported that the TIMPs can inhibit angiogenesis (53). For 

example, by transfection of the highly metastatic B6F10 murine melanoma cell line with 

TIMP-2 cDNA, the invasive potential of cells and its growth in vitro, associated with 

neovascularization and the metastatic potential in-vivo, was inhibited (108). Additionally, the 

up-regulated TIMP-1 has potential ability to significantly inhibit in vitro migration of 

endothelial cells through gelatin (75). Therefore, these multiple effects of TIMPs on both 

endothelial and tumour cell migration make them attractive targets for tumour therapy (53).      

2.1.4.4.9  Proteolytic fragments 

These anti-angiogenic agents are mostly derived from extracellular matrix components 

including collagen or fibronectin or from enzymes such as plasminogen and MMP-2 which 
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are involved in extracellular matrix remodelling (53). Angiostatin and endostatin are the most 

characterised inhibitors in this class (53).  

Angiostatin, a factor produced by a primary tumour, can circulate and inhibit the growth of 

remote metastasis (109). It is an internal fragment of plasminogen that potentially suppresses 

capillary endothelial cell growth in vitro (109, 110). Moreover, intraperitoneal injection of 

angiostatin effectively impedes the neovascularization and metastasis formation in mice 

(110).   

The other major factor of this group is endostatin which is a fragment of collagen and 

produced by hemangioendothelioma cells that particularly suppresses the proliferation of 

endothelial cells (111). This inhibitory factor can also inhibit the growth of metastasis of a 

primary Lewis lung tumour and induce nearly complete regression of a vast number of 

primary tumours (111). Interestingly, repeated injection of endostatin to mice with lung 

carcinoma and melanoma causes no drug resistance in the host, resulting in tumour dormancy 

that requires no further treatment (112). Through this anti-angiogenic effect, endostatin can 

irreversibly halt tumour progression (53). 

2.1.4.5   Hypoxia and Angiogenesis 

When tissues or tumours outgrow their blood supply, hypoxia which is the lack of oxygen 

happens (113). The transcription factors called hypoxia-inducible factors (HIFs) are the 

modulatory elements which mediate the cellular response to hypoxia (113). It has been 

reported that the over-expression of the HIF system is observed in a wide range of cancers 

that occurs by a multiplicity of genetic and environmental mechanisms (113).    

Under normal oxygen tension, HIF-1α as a member of these factors is immediately degraded 

as a result of the enzymatic prolyl-hydroxylation activity of Von Hipple-Lindau protein 
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(pVHL) (114). However, in a situation with below 2% oxygen, HIF-1 α does not degrade and 

translocates to the nucleus (115). Apart from activation by hypoxia, HIF-1 α system is also 

induced or amplified by numerous growth-prompting stimuli and oncogenic pathways 

including the insulin, insulin-like growth factor-1, epidermal growth factor and mutant Ras 

and Src kinase pathways (113). Although the implication of both the MEK−MAP kinase and 

the phosphatidylinositol-3 kinase−Akt systems in angiogenesis-induced by hypoxia has been 

found, other mechanisms of oncogenic and growth factor stimulation of the HIF pathway are 

less clearly defined (116). HIF-1 α can strongly induce VEGF expression through hypoxia 

response elements (HREs) in the 5’ and 3’ end of the gene, while several oncogenes can also 

activate the VEGF transcription and separately enhance HIF-1 α function or expression (117). 

Obviously, the angiogenic genes in downstream of HIF-1 α are also likely to be pivotal in the 

tumour (114). 

Physiological activation of the oxygen-sensitive pathways by hypoxia is one of the simplest 

ways through which microenvironmental activation of HIF in cancer occurs (113). Using 

hydroxylation-specific antibodies, studies have indicated that prolyl hydroxylation of HIF is 

often incomplete in tumour cells, even in fully oxygenated tissue culture (118). Under these 

conditions, some supplements such as iron or ascorbate can enhance HIF-1 α degradation, 

most probably by stimulation of HIF-1 α hydroxylase activity (119). Taken together, these 

findings show the role of hypoxia and cellular iron availability in activation of HIF system 

(113).  

2.1.4.6   Tumour Lymphangiogenesis 

One of the common occurrences in cancer is the spread of tumour cells to lymph nodes, 

representing that the lymphatic vasculature is an essential way of metastasis (120). This 

process is often an early event in metastatic diseases, making it significant for the staging of 
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cancer.  Recent studies have discovered there are lymphangiogenic growth factors and 

histochemical markers with the ability to discriminate between blood vessels and lymphatics 

which suggested that lymphangiogenesis can contribute to metastasis (121, 122). Previously, 

however, it was thought that lymphatic metastasis was a passive event in which detached 

tumour cells reached lymph nodes via drainage through pre-existing local lymphatic vessels 

(80). 

Lymphangiogenesis has traditionally been overshadowed by the superior focus on 

angiogenesis and its role in tumour growth (123). It is, in part, related to the lack of sufficient 

identification of lymphangiogenic factors and proper markers that discriminate blood from 

lymphatic vascular endothelium. However, after the identification of the first 

lymphangiogenic factor, vascular endothelial growth factor-C (VEGF-C), the molecular 

lymphangiogenic pathway has been clarified (124).  

Recently, the role of VEGF-C and VEGF-D has been more detected in tumour-induced 

lymphangiogenesis (80). The up-regulation of VEGF-C and VEGF-D in tumours can 

significantly enhance tumour-associated lymphatic vessel growth and increase the occurrence 

of lymph node metastasis (125, 126). Conversely, using either soluble VEGFR-3 fusion 

proteins that play as a trap for VEGF-C and –D or neutralising antibodies targeting VEGFR-

3, tumour lymphangiogenesis and lymphatic metastasis have been reduced (127). In addition, 

the role of VEGF-A in tumour-mediated lymphangiogenesis and metastasis has been found in 

transgenic mice over-expressing VEGF-A in the skin which showed the enhanced tumour 

lymphangiogenesis and metastasis (128). Not only do lymphangiogenic growth factors 

increase lymphatic vessel density, but also they act to enlarge and dilate lymphatic vessel size 

(129, 130). Activation of VEGFR-2 is the critical mediator of vessel enlargement, while 

VEGFR-3 activation is more necessary for lymphangiogenic sprouting (131).   
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Neuropilin-2, normally expressed in lymphatic vessels during embryogenesis, has been 

introduced as an another role player in lymphangiogenesis and metastasis in both 

experimental mouse tumour models and human skin cancers (127). Functional blockade of 

neuropilin-2 can impede lymphatic endothelial cell migration but not proliferation; reduce 

tumoural lymphangiogenesis and delay metastasis to sentinel lymph node (132). Therefore, 

the localised expression of neuropilin-2 on tumour-associated but not on normal preformed 

lymphatic vessels verifies that this receptor may be an alternative target to prevent lymph 

node metastasis through the lymphatic vessels (132).   

2.1.4.7  Epithelial-to-mesenchymal transition (EMT) 

Epithelial-to-mesenchymal transition (EMT) and its reverse mechanism mesenchymal-to-

epithelial transition (MET) are fundamental processes that regulate cellular differentiation and 

organogenesis during embryonic development (17, 133-136). MET facilitates cellular 

differentiation and specialisation of mesenchymal stem cells, whereas EMT allows epithelial 

cells to undergo the phenotypic reversal and return to a transitory pluripotent mesenchymal 

state, from which it may translocate to other sites to continue their differentiation paths (18, 

134, 135). It is this reversible and dynamic interplay between the processes of MET and EMT 

that allows rapid morphogenetic changes and development of eukaryotic embryos (135). 

Although cells in an intact epithelium are traditionally considered to be virtually immobile, 

the EMT phenomenon has demonstrated that these cells exhibit a repertoire of epithelial 

plasticity (134). While the process is not fully understood, EMT involves a complex interplay 

of multiple phenotypic and histological changes, including the loss of cellular polarity, 

destabilisation of cell junctions and remodelling of the cytoskeletal architecture, and 

reprogramming of gene expression to ultimately reform mesenchymal cells (17, 18, 133, 134).  
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In addition, the EMT mechanism facilitates acquisition of resistance to senescence and 

apoptosis. Along with an increased translocation capability, EMT effectively induces the 

development of an invasive phenotype – processes that have linked EMT with cancer stem 

cell (CSC) behaviour, and the progression and metastasis of several types of malignant 

carcinomas (17, 18, 133-135). 

The metastatic cascade is classically a late stage event in malignant cancers and is a complex 

multistep process by which tumour cells disseminate and form secondary tumours at distant 

locations (17, 135). Typically, these events are facilitated by cellular changes such as the 

replacement of cell adhesion molecules E-Cadherin with more plastic mesenchymal proteins 

such as vimentin and N-cadherin, and promotion of cell invasion through the basement 

membrane (17). Although the complete pathogenic mechanism by which tumour cells 

disseminate throughout the body is unclear, recent experimental and clinical studies have 

implicated EMT as a critical process in promoting the metastasis of epithelium-derived 

carcinomas (17, 134, 135). 

Activation of EMT is essential to allow carcinomas to dissociate from the local environment 

and invade other tissues (17, 135). In essence, the process of EMT forms mesenchymal cells 

with CSC-like properties, effectively rendering the cells more tumorigenic, and often also 

selectively metastatic (134). Importantly, EMT has been observed to help adaptation of 

tumour cells to the heterogeneous and constantly evolving microenvironment surrounding 

human tumours, thereby allowing cancer cells to successfully metastasis to distant locations 

(135). 

The complex molecular mechanisms that underlie EMT have been extensively researched and 

characterised in cell culture models (17, 133). These models have revealed extensive 

interactions between a number of molecular signalling pathways and transcriptional, 
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translational and post-translational regulators (133, 135). Based on functionality during EMT, 

these regulators can be broadly categorised as EMT effectors, inducers or core regulators 

(135). EMT effectors and inducers collectively activate and execute the EMT program, whilst 

the EMT core regulators are responsible for orchestrating the whole process (135). 

Specifically, EMT core regulators are transcription factors classified collectively as EMT 

Transcription Factors (EMT-TFs). A host of these EMT-TFs exist and are further sub-

categorised based on functionality (134, 135). Through modulating several different 

signalling cascades, EMT-TFs are either directly or indirectly responsible for alterations in 

the expression, distribution and function of critical molecules involved in the various stages of 

EMT, particularly in the process of cancer invasiveness and metastasis (17, 134, 135). Several 

key EMT pathways have been characterised and include tyrosine kinase receptors, integrins, 

Wnt, NF-κB and the TGF-β pathway (18). These typically involve a lot of crosstalk with 

other signalling pathways (18). 

Cooperation of different transcription factors is also known to be a hallmark of EMT 

induction (137).  EMT-TFs often control the expression of each other and functionally 

cooperate at target genes to induce the phenotypic changes associated with EMT. There are 

several transcription factors such as ZEB-1/2 and SNAI-1/2 inducing EMT through repression 

and loss of epithelial markers like E-cadherin which are involved in malignant transformation 

mechanisms (17, 18, 133). A lot of these so-called ‘EMT master genes’ are widely used as 

molecular markers of EMT in human carcinomas (17, 133).  
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2.1.4.7.1  Important genes involved in EMT  

2.1.4.7.1.1 ZEB-1  

ZEB-1 is a member of the zinc-finger homeobox family of E-cadherin repressors, which plays 

key roles in EMT (138). ZEB-1’s ability to down-regulate E-cadherin and other genes induces 

EMT. In normal circumstances, ZEB-1 acts as an interleukin-II repressor (139). 

EMT activation occurs when ZEB-1 binds to E-box elements in the E-cadherin promoter and 

suppresses its activity (138). In addition, ZEB-1 has been shown to trigger a micro-RNA 

(miR)-mediated double-negative feedback loop that stabilises EMT (138). Likewise, ZEB-1 

represses various determinants of epithelial differentiation and cell–cell adhesion such as the 

cell polarity genes Crumbs3, HUGL2 and Pals1-associated tight junction protein (140). Other 

potential ZEB-1 targets include components of tight junctions (JAM1, claudin 7, occludin, 

tricellulin and shroom), desmosomes (plakophilin 3, desmoplakin, desmocollin 2 and 

desmoglein 2), gap junctions (connexin 26 and 31), epithelial-specific adhesion molecules 

with Ig-like domains (epithelial V-like antigen 1), and Mucin 1, an apically localized protein 

(140). Down-regulation of ZEB-1 in undifferentiated cancer cells was shown to up-regulate 

expression of cell polarity genes on the RNA and protein level, to restore epithelial 

characteristics and to inhibit cell motility in vitro (140).  

Two genomic clusters miR-200a/200b/429 and 200c/141 are part of the miR-200 family as 

well as miRNA-205 that directly target EMT-inducing transcription factors including ZEB-1 

(141). However, ZEB-1 can also directly repress the transcription of the miR-200 family 

(141). Therefore miR-200 and ZEB-1 form a double-negative feedback loop and which 

functions as a key regulatory axis of EMT (141). The ability of the miR-200 family to regulate 

EMT may offer a possible target for treatment. It has been shown in pancreatic cancer stem 
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cells that overexpression of the miR-200c caused a significant down-regulation of zinc-finger 

E-box binding homeobox 1 (ZEB-1) and an up-regulation of E-cadherin expression (142).  

Thus, it has been claimed that EMT regulators are potential targets for cancers such as triple 

negative breast cancer (TNBC) (143).  

2.1.4.7.1.2 ZEB-2 (SIP1) 
There are many causative factors of cancer, including inherited and acquired (144, 145). One 

factor such as Smad interacting protein, SIP1, can lead to the development of cancer in the 

gastro-intestinal tract, kidney and breast tissue (146). SIP1 is a member of the delta EF-1 

family of two-handed zinc finger nuclear factors (147). SIP1 is known to initiate EMT, which 

is widely recognised to play a crucial role in tumour progression by changing its morphology 

from epithelial cell to mesenchymal cell (148). Smad interacting protein is known to be 

expressed in different parts of human body, including breast tissue and intestines (147). SIP1 

and EMT have close correlation, whereas SIP1 and suppressing factor E-cadherin shares 

inverse-relationship (149). It has recently been found that E-cadherin expression is repressed 

when SIP1 triggers EMT proliferation to develop cancer cell (150). SIP1 binds to E-boxes in 

the E-cadherin promoter and assists EMT in cancer development (148)  

On top of that, it has been proven by a number of experiments that SIP1 gene is 

overexpressed and the expression of E-cadherin is significantly diminished in cancerous 

lymph nodes (151). The experiment conducted by Kyushu University, Japan, demonstrated 

that SIP1 containing tumours had more lymphatic invasion than those without SIP1 

expression (152). These results lead to the conclusion that “the loss of E-cadherin by SIP1 

induces cancers that are more invasive to lymphovascular vessels” and the presence of 

lymphovascular invasion lead to lymph node metastasis (153).  
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Thus, it has been discovered that E-cadherin and SIP1 genes have opposite effect. In addition 

to SIP1 involvement in numerous cancer developments such as breast cancer and intestinal 

gastric carcinomas (147), SIP1 gene expression leads to EMT proliferation by repressing cell 

junctional proteins, E-cadherin (148).  

2.1.4.7.1.3 SNAI1 (SNAI) – Zinc Finger Protein  

The SNAI1 gene codes for the SNAI1 protein in humans which is a family of transcription 

factors. These factors help to induce the down-regulation of adhesion molecules (specifically 

E-cadherin) to allow for cell migration as in EMT during embryonic development.  

All SNAI proteins are transcription factors which share similar DNA structure as well as their 

binding capacity to zinc finger proteins in humans which allows them to perform similar 

functions in cell differentiation and development. In the case of the SNAI1 protein, these will 

specifically bind and repress the E-cadherin promoter which is important in the process of 

EMT. As such, the SNAI1 protein is often referred to as a substance which causes 

transcriptional repression. SNAI factors will start the epithelial-to-mesenchymal transition 

process by changing all the static epithelial cells into mobile and penetrating mesenchymal 

cells with certain stem cell components. This EMT process is vital during embryonic 

development as well as tumour invasion and metastasis. It has also been suggested that the E-

cadherin function loss causes epithelial disorganisation leading to EMT. 

In various studies, it was found that in recurrent tumours, there was an altered morphology 

indicating EMT, zinc-finger transcription factors, and SNAI1, suggesting that the SNAI1 gene 

plays a key role. The SNAI families of zinc-finger transcription factors are integral in 

mesoderm formation and cell migration. This is both important during normal growth, as in 

embryonic development, or malignancy (154). 



 

Haleh Vosgha       School of Medicine     55 

 

Therefore, the presence of this family of SNAI genes allows for cell differentiation and cell 

development during normal EMT, in the case of embryonic development, as well as abnormal 

EMT, in the case of malignancies and tumours. 

2.1.4.7.1.4 SNAI2 

The protein coding gene SNAI2 (also known as SLUG), located on human chromosome 

8q11, is a member of the SNAI family of C2H2-type zinc finger transcription factors. “The 

encoded protein acts as a transcriptional repressor that binds to E-box motifs.” Its roles 

include binding and EMT activity. Additionally, its repressor role means it is involved in anti-

apoptotic activity (155).  

SNAI2 was first identified in several vertebral species to be involved in the formation and 

delamination of mesoderm and neural crest cells. When undergoing organogenesis, SNAI2 

was expressed in mesenchymal components of the lung and gut and also in the mesenchymal 

cells undergoing bone and cartilage differentiation. Usually, after expression, it is down-

regulated but in some cases it is expressed (156). 

In more recent experiments, SNAI2 was observed to be expressed in craniofacial 

mesenchyme and involved in bone and endocardium growth from EMT origin. This was 

observed by testing the expression of this gene during organogenesis in mice. The experiment 

revealed expression levels were at peak at the early stages of organogenesis and declined 

significantly during early embryogenesis. The gene was highly expressed around the 

frontonasal region, during osseous formation both endochondral and  intramembranously and 

in the atrioventricular cushions(157). The importance of SNAI2 expression on these processes 

was illustrated in another experiment, where SNAI2 deficient mice had macrocytic anaemia 
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and patches of depigmentation on ventral aspects of their body, inferring its role in 

hematopoietic and melanocyte stem cells (158). 

EMT is a rapid change in the cell phenotype during which cells become secluded, motile and 

resistant to apoptosis. SNAI2 is associated with that last effect.  For example, breast cancer 

has several phases of cell migration and differentiation. Using mice as a subject, during 

embryogenesis epithelial-mesenchymal interactions form epithelial buds. At puberty, 

secondary and tertiary buds grow into terminal end buds, which contain cap cells (exhibiting 

partial EMT phenotype).  When SNAI2 is over expressed, these mammary cells develop into 

carcinomas (159). 

SNAI2 cells also have been concluded to control the undifferentiated state of human 

epidermal progenitor cells. There is enhanced expression of this gene where progenitor cells 

reside (in the basal interfollicular layer). Its repressive ability determines the differentiation 

status of epithelial cells (increased levels lead to dedifferentiation while low levels lead to 

epidermal differentiation) (160) 

2.1.4.7.1.5 E-cadherin (CDH-1) 

Cadherin-1 can also be referred to as Epithelial cadherin (E-cadherin) and is considered as 

one of the most important molecules in cell-cell adhesion in epithelial tissues. It is essential 

for the formation and maintenance of epithelia and is isolated to the surfaces of epithelial cells 

at the adherent junctions (161). The encoded protein is a calcium-dependent cellular adhesion 

glycoprotein that is expressed in various tissues and mediates binding via homotypic binding. 

Cadherins also play important roles in chemical signals within cells, regulating cell 

maturation and tissue formation during neurulation, organogenesis and gastrulation (162).  

In addition to its role in normal cells, CDH1 has a significant influence in malignant cell 
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transformation; in particular the development and progression of tumours. Hence it is 

frequently referred to as the tumour suppressor gene as it controls cellular proliferation. If 

CHD1 is suppressed there will be a disruption in cell-cell adhesion, this loss of cellular 

architecture and reduced tissue integrity will further facilitate invasiveness, cellular 

proliferation and metastasis of tumours (163). Mutations in CDH1 are often linked to gastric, 

breast, colorectal, thyroid, and ovarian cancers (161, 164, 165).  

Transitions between epithelial and mesenchymal states play important roles in embryonic 

development and cancer metastasis. EMT is also observed in malignant type tumours of 

epithelial origin where there is uncontrolled cell proliferation. Carcinoma cells are the result 

of down-regulation or a complete caseation of E-cadherin expression, mutation within the 

gene, or other mechanisms that interfere with the integrity of the junction adheres (166). The 

knockdown of CDH1 results in the release of β-catenin into the cytoplasm. These molecules 

then migrate into the nucleus and trigger the expression of EMT-inducing transcriptional 

factors which can further lead to the mesenchyme state of cancerous cells which then 

metastasis (167). CDH1 is considered as an important switch in EMT. The loss of CDH1- 

mediated cell adhesion is strongly correlated with the loss of the epithelial morphology and 

procurement of metastatic potential by the carcinoma cells (166). Thus CDH1 is considered to 

be a tumour suppressive gene. Mutations in this gene have been described in numerous 

human cancers in the breast, endometrium, thyroid, ovary and stomach (164, 168). A number 

of immunohistochemical studies have concluded that the loss of protein expression CDH1 is 

positively correlated with loss of tumor differentiation which may lead to a poor prognosis 

and survival of the individual particularly in squamous head and neck tumours, cervical, 

oesophageal and pulmonary tumours (164, 169).  

The method of blocking E-cadherin down-regulation in tumours is one of the important future 
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approaches in gene therapy in the management of tumour suppression. Genes such as AML1, 

p300 and HNF3, have been found to up-regulate the expression of E-cadherin to improve 

cellular architecture and integrity (170). Targeting the Epithelial cadherin protein would 

prevent metastasis of all epithelial linked tumours. However, this may prove difficult, as 

down-regulation of CDH1 is caused by various mechanisms such as; mutations and gene 

deletions, signal transduction and repression of gene transcription and thus difficult to isolate 

and manage (162).  

2.1.4.7.1.6 N-cadherin (CDH2)  

CDH2 gene codes for the protein N-cadherin, also known as Cadherin-2 (CDH2), or neural 

cadherin (NCAD). Studies on this gene have discovered that it is located on Chromosome 

18.p2 on humans, and contains 20 exons (171). N-cadherin is one of the classifications of the 

cadherin superfamily, and is composed of five extracellular cadherin repeats, highly 

conserved cytoplasmic tail and a transmembrane region. This protein’s purpose is to mediate 

cell-cell adhesion by interacting with adjacent cell in an anti-parallel conformation, forming a 

linear zip-like adhesion between cells (171). The adhesion is calcium dependent (172). N-

cadherin has roles in development, neural tissues, and cardiac muscles and cancer metastasis. 

This does this via cadherin switching, which is a process where there are switches in E-

cadherin expression and expression of N-cadherin, as they are complimentary to each other 

(172).  

Loss of cell-cell adhesion is one of the first steps of cancer metastasis, invasion, and 

progression, which is as a result of activation of EMT. N-cadherin is a mesenchymal stem cell 

marker and as more of these are expressed, E-cadherin and P-cadherin decreases, which are 

epithelial cell markers (172). The cell is then considered to be a cancer cell. These markers 

are located on the cell surfaces and are used to identify different types of cells and give 
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specific characteristics of the cell (173). With the rise of N-cadherin and loss of E-cadherin 

expression in the cancer cells, it has been discovered that there is an increase in metastasis, 

tumour grade, and mortality. Cancers involving N-cadherin expression includes oral, 

gastrointestinal, prostate, breast, lung, urinary system, and many more. However, there are 

similar patterns of manifestation of N-cadherin in these various malignant tumours of the 

epithelial origin, which contributes to EMT (172).  

Oral cancer is one of many types of cancers that is studied and revealed to have high 

expression of N-cadherin, along with scattered fibroblastic phenotypes from the squamous 

cell carcinoma derived cell line. It was also observed that there has decrease in E-cadherin 

and P-cadherin expression. Tests on the oral squamous epithelial cell line have been carried 

out to prove that there is an inverse relation between N-cadherin and E-cadherin, as N-

cadherin down-regulates E- and P-cadherin, and scatters fibroblastic phenotype (172). As a 

result, the cell-cell adhesion is disrupted, and this change is controlled by environmental 

indications, such as growth factors. This is important for the active cellular movement and 

preservation of tissue patterning, a process of allocating cells to different lineages. 

Transforming Growth Factor (TGFβ) modulates the expression of E-cadherin, along with 

cytokines. TGFβ correlates with the reduction of E-cadherin and instigates dedifferentiation 

of the epithelial cell phenotype from epithelial to fibroblastic (172).  

There have been many studies done to investigate the effects of N-cadherin on EMT and has 

discovered that cadherin switching during EMT process, there is less cell-cell adhesion as N-

cadherin increases, and E-cadherin is decreased. Carcinoma derived via this process shows 

abnormality in the expression of N-cadherin and its up-regulation stimulates motility and 

invasion (172). Furthermore, studies on EMT have considered that it represents a favourable 

therapeutic target as inhibition of EMT may restrain, or even prevent invasion and metastasis. 
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Averting the early stages of metastasis and invasion appears to be a possible strategy for new 

approaches to cancer therapy (174). 
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2.2  Thyroid Cancer 

2.2.1  Epidemiology and Risk Factors 

As the most common endocrine malignancy, thyroid cancer has been diagnosed with an 

estimated 1- 1.5% of all newly reported cancer cases each year in the USA (175). The 

incidence of thyroid cancer has been increasing throughout the last three decades all around 

the globe. In Australia, in 2009, thyroid cancer accounted for 1.8% of all new cancers. This 

cancer was common among Australian women with 1536 of 2039 new cases diagnosed in 

2009. In 2014, there were 133 deaths caused by thyroid cancer in Australia. There is a broad 

range of exogenous and endogenous risk factors involved in increasing the thyroid cancer 

incidence (175). Radiation, diet, life-style and environmental pollutants compromise the more 

potential exogenous thyroid cancer risk factors. Medical and dental diagnostic and therapeutic 

examinations, as well as environmental disasters, are the most significant sources of radiation 

exposure in thyroid cancer (175). The effects of radiation relatively depend on their dose and 

the age of people (176). Lack of iodine intake and obesity can also increase the risk of thyroid 

cancer. Some environmental pollutants including asbestos, benzene and formaldehyde are 

thyroid cancer carcinogens, inducing abnormal thyroid cell proliferation (176). As the most 

important endogenous risk factor, the thyroid-stimulating hormone (TSH) level is associated 

with the incidence of thyroid cancer. The higher level of TSH detected in patients, a greater 

risk of advanced tumour stage is diagnosed (177). Although most patients suffering from 

thyroid cancer do not have inherited conditions and family history, these two conditions still 

have been linked to different types of thyroid cancers (176).  
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2.2.2   Pathology of Thyroid Carcinoma 

Various types of malignant tumours of the thyroid gland with distinguishing clinical and 

pathological properties have been identified. The vast majority of these tumours (roughly 

90%) originate from follicular cells, whereas the rest are derived from the parafollicular or 

calcitonin –secreting C-cells and from other cells (178). Therefore, thyroid tumours are 

categorised as well-differentiated carcinomas (papillary and follicular) with almost good 

prognosis and poorly differentiated carcinomas and anaplastic carcinomas (follicular, 

anaplastic) characterised by aggressive behaviour, metastases and death and poor prognosis 

(178).  

2.2.2.1  Papillary Thyroid Carcinoma    

Papillary thyroid carcinoma (PTC) is categorised as the most common type of thyroid cancer 

which constitutes approximately 80% of all primary thyroid cancer cases (177, 178). PTC is 

also stated as a malignant epithelial tumour with a follicular cell differentiation characteristic. 

Nuclear enlargement and irregularity, overlapping, grooves and pseudo-inclusions are the 

main diagnostic features of PTC (179). There are numerous variants of PTCs. Of these, the 

follicular variant is the most common and most diagnostically challenging type which can be 

encapsulated or non-encapsulated and have follicles with the characteristic nuclear features of 

PTC (180). A complex branching architecture in which neoplastic cells can cover the surfaces 

of the papillary cores is a feature of conventional PTCs. Furthermore, lymphatic vessels are 

the most common way for this type of cancer to spread and to metastasize (178).       
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2.2.2.2   Follicular Thyroid Carcinoma  

Follicular thyroid carcinoma (FTC) is recognised by follicular cell differentiation without the 

diagnostic nuclear features of PTC (178). These tumours are mostly encapsulated which may 

be comprised of follicles or follicular cells with follicular, solid or trabecular patterns. Based 

on the extent of the invasion there are two main groups of FTCs. Transcapsular or limited 

vascular invasive tumours are categorised as minimally invasive carcinomas. This type of 

cancer has a minimal risk of recurrence or metastasis whereas the second type characterised 

as widespread capsular and vascular tumours. They are classified as widely invasive follicular 

carcinomas with the high risk of morbidity and mortality. Moreover, lymph-node metastasis is 

less common than in papillary carcinoma. The frequent mode of metastasis for FTC is 

haematological way to spread to the lungs and bones stem (178, 181-184).  

2.2.2.3   Poorly Differentiated Thyroid Carcinoma  

Poorly differentiated thyroid carcinoma is defined as a heterogeneous group of malignant 

follicular cell neoplasms without follicular cell differentiation (178). It has numerous 

histological growth patterns and various biological behaviours that put it in between well-

differentiated and undifferentiated carcinoma. With regard to macroscopic features, poorly 

differentiated thyroid carcinomas show large, solid, un-encapsulated and nodular tumours 

with the tendency to invade peri-thyroidal tissues. Microscopically, these tumours present 

insular, trabecular or solid growth patterns which have a mitotic activity, necrosis and 

vascular invasion (178, 181, 185, 186).   



 

Haleh Vosgha       School of Medicine     64 

 

2.2.2.4   Undifferentiated Thyroid Carcinoma  

Undifferentiated thyroid carcinoma is rare but the deadliest cancer out of the thyroid 

carcinomas. Undifferentiated or anaplastic thyroid carcinoma is a prevalent type of thyroid 

cancer among elderly patients which accounts for 5-10% of all primary malignant thyroid 

tumours (178). Similar risk factors cause undifferentiated carcinoma as the differentiated 

types but can also develop from differentiated cancers as well as other prolonged thyroid 

conditions such as goitre hence commonly coexist. It shows a rapid growth with massive local 

invasion and early distant metastases most frequently to lung, adrenals and bone. There is a 

vast range of morphological pattern of growth in this type of cancer, including squamoid, 

spindle cell and giant cell. High mitotic activity, extensive necrosis and a marked degree of 

invasiveness within the gland and to the extrathyroidal structures are additional their 

histopathological features (178, 187). Thyroid malignancies with poorly differentiated and 

undifferentiated carcinomas have the recurrent or metastatic disease that is often fatal. A 

small number of cancer cells within the lesion, known as stem-like cells, are identified for 

their role in angiogenesis, development of resistance to treatment and metastatic nature of this 

type of thyroid cancer (188).  

  



 

Haleh Vosgha       School of Medicine     65 

 

2.2.3   Diagnosis  

The majority of thyroid cancer patients show thyroid nodules by using physical examination 

or with imaging of the neck for other disorders. There is a 5-10% risk of malignancy in 

thyroid nodules detected in general population. However, males and patients at the extremes 

of age are at higher risk (5). A family history could also quicken investigations. The firmness, 

lack of mobility and large size of the nodules, adherent structure and the lymphadenopathy 

features are critical clues to show an increased probability of carcinoma. However, these 

characteristics are not sufficient to recognise the malignant forms (5). Moreover, serum 

thyroid-stimulating hormone (TSH) measurement method should be performed as a thyroid 

function testing, but it is not a practical way to distinguish benign from malignant nodules. 

However, a suppressed level of TSH in the setting of a dominant thyroid nodule suggests an 

autonomously functioning nodule (189). In addition, when sporadic or familial medullary 

thyroid carcinoma is suspected, a level of calcitonin should be determined in serum of the 

patient with a thyroid nodule (190). High-resolution ultrasonography is another useful method 

for examining thyroid nodules, detecting multiple nodules which are not detectable by fine-

needle biopsy and assessing for the probability of cervical lymph node. This method can be 

used to recognise a cystic lesion and solid lesion. Cystic thyroid lesion is mostly categorised 

as a benign form. Cytopathologist interpretation and individual performing the biopsy are the 

main factors can affect the accuracy of cytologic diagnosis. However, the cytologic evaluation 

could not be useful to determine the malignant potential of follicular adenomas and 

carcinomas due to the cytologically similar appearance of their cells. They can only be 

diagnosed by identifying capsular or vascular invasion on histologic specimens (5, 189, 191). 
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2.2.4   Prognosis  

There are a variety of factors involved in thyroid carcinoma prognosis. Histology, tumour 

size, lymph node metastases, extrathyroidal extension and distant metastases are tumour 

factors which have been shown to affect the prognosis. Age and gender are among patient 

variables (10, 192-195). Patients with PTC have about 90-95% of the overall 5-year-survival-

rate, and the 10-year-survival rate is roughly 80-95%. Papillary thyroid carcinoma with tall 

cell variant presented at the later age is classified as the highest group with worse overall 

survival compared with patients with classic PTC. The 10-year-survival rate of patients with 

FTC is marginally lower relative to PTC which is between 70-90%. The overall 5-year-

survival-rate of patients with UTC is 1-5%, and most of them die within 1 year after 

diagnosis. Also, there is a better prognosis for patients with heredity MTC compared to 

patients with sporadic MTC. Heredity MTC patients are generally diagnosed at the earlier 

stage, resulting in the better prognosis. Patients with more than 40 years old have a higher risk 

of recurrence. Moreover, young patients aged < 20 years show a higher-stage disease and 

higher risk of loco-regional and distant metastases. There are higher mortality and recurrence 

rates in men. Men also have the higher risk of extrathyroidal invasion and more than two 

times distant metastases rate compared with women (10, 192-196). Apart from all these 

prognostic factors, there are many molecular genetic alterations as putative markers in thyroid 

cancer. Mitogen activated protein kinases (MAPK) pathway is one of the most critical 

molecular factors. In some cases, BRAF mutations can be beneficial to show the probability of 

extrathyroidal extension, lymph node metastases, recurrence and mortality (5, 197).       
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2.2.5   Treatment  

2.2.5.1   Surgery  

The main treatment for almost every case of thyroid cancer except for some anaplastic thyroid 

carcinomas is surgery (198). This method would be able to remove all or part of the 

remaining thyroid gland. There three different surgery methods including lobectomy, 

thyroidectomy and lymph node removal (198-201).  

2.2.5.2   Lobectomy  

Differentiated thyroid carcinomas such as papillary and follicular which are in small size, and 

there is no signs of spread beyond the thyroid gland could be treated by using this operation 

(198, 201).  

2.2.5.3   Thyroidectomy 

Thyroidectomy is the most prevalent surgery method for thyroid cancer (200). It has several 

sub-types including total thyroidectomy, near-total thyroidectomy and subtotal 

thyroidectomy. Total thyroidectomy could be used to remove the entire thyroid gland. If a 

surgeon can just remove nearly all the thyroid gland is called near-total thyroidectomy. 

Subtotal thyroidectomy is a surgery way to remove most of the gland. The advantage of 

thyroidectomy compared to lobectomy is to check the recurrence of disease afterwards by 

using radioiodine scans and thyroglobulin blood tests (198-202).  

2.2.5.4   Lymph node removal  

For those types of thyroid cancers which spread to nearby lymph nodes in the neck, this 

surgery is used (198). This would be crucial for medullary and anaplastic thyroid carcinoma 

therapy. When papillary and follicular cancers have only 1 or 2 enlarged lymph nodes, these 
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enlarged nodes could be removed and other small parts of cancer cells may be treated with 

radioactive iodine (203).     

2.2.5.5   Radioactive iodine (radioiodine) therapy 

Iodine-131 could be absorbed by the thyroid gland and concentrate in thyroid cells and 

destroy them (204). Iodine therapy is a helpful method to ablate any thyroid tissue and can 

treat some thyroid cancers with lymph node metastases. It can increase the survival rate of 

papillary or follicular thyroid cancer patients who have the neck or other parts of body spread. 

However, anaplastic and medullary thyroid carcinomas could not be treated by using this 

method due to lack of cancer cells ability to take up iodine (198, 204).    

2.2.5.6   Thyroid hormone therapy  

There are several reasons underlying the importance of thyroid hormone therapy (205, 206). It 

could be helpful to maintain the normal metabolism of the body in particular after surgery. 

Furthermore, it would be effective to halt the remaining cancer cells growth. The recurrence 

of some thyroid cancers could be prevented by taking thyroid hormone (205, 206).   
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2.2.6  Angiogenesis in thyroid cancer 

It has been shown that one of the most useful models for better understanding and the 

integrated control of angiogenesis is thyroid gland due to its high vascularity structure (11). In 

various types of thyroid diseases ranging from hyperplastic goitre, Graves’ disease to cancer 

the increased vascularity occur which may be related to increased blood flow and follicular 

and endothelial cells growth. The elevated expression of pro-angiogenic factors like VEGF-A 

and VEGF-C has been reported in many pathological thyroid conditions (207, 208). It has 

also been detected that the most aggressive form of thyroid carcinomas (anaplastic thyroid 

carcinoma) recruit new blood vessels for distant metastasis (209). On the other hand, thyroid 

cancer can principally metastasize through lymphatic vessels or lymphangiogenesis. Our 

previous research has also noted that over-expression of VEGF-A is linked to the pathological 

stages of thyroid carcinomas, indicating its role in tumour’s demand for expansion of 

vascularisation and metastasis.  This study showed the crosstalk between VEGF-A and 

VEGF-C in thyroid malignancies which can support vascular expansion and tumour growth 

(210). Therefore, the high incidence of angiogenesis and  lymph node metastases in thyroid 

cancer make it a potentially useful model for deeper study in angiogenic mechanism as well 

as the role of VEGF-A in thyroid tumour development.  

2.2.7  EMT in thyroid cancer  
As earlier mentioned, epithelial-to-mesenchymal transition (EMT) is a critical program 

during tumour metastasis (211). Anaplastic thyroid carcinoma is one of the most lethal human 

malignancies due to their aggressive behaviours resulting from rapid growth and invasion to 

distant organs or metastasis (188).  In the past decades, increasing number of studies has 

indicated that EMT is a key pathologic mechanism thyroid tumour progression and 

metastasis. It has also been reported that there is a link between EMT and acquisition of stem-
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like properties of cancer cells. The correlation of EMT mechanism and existence of cancer 

stem-like cells (CSCs) may clarify the aggressive characteristics of anaplastic thyroid 

carcinomas resulting in progression of a disease, metastasis after surgery and resistance to 

different types of anti-cancer therapies (19). A wide range of transcription factors and 

signalling pathways are involved in EMT regulation. EMT is mainly associated with E-

cadherin repression by genes which can function as a suppressor of E-cadherin such as ZEB-

1, ZEB-2, SNALI and SLUG (212, 213). The thyroid cells that have undergone EMT showed 

the molecular characteristics including down-regulation of E-cadherin, over-expression of 

ZEB-1, ZEB-2 and SNALI. These properties lead to loss of cell-to-cell junction and epithelial 

properties and acquisition of migratory and invasive phenotype (19, 188).       

Interestingly, angiogenesis has been found to be linked to EMT-induced cancer cell stemness 

which is essential for tumour initiation and metastasis (20). They have demonstrated that there 

is a cross-talk between VEGF-A as a major stimulator of tumorigenicity and couple of EMT 

markers such as ZEB-1. Over-expression of VEGF-A in breast cancer cells undergoing EMT 

reflected that angiogenesis and EMT are required for efficient tumourigenicity. Therefore, it 

has been reported that VEGF-A is an essential factor for EMT-induced angiogenesis (20). 

As metastasis mediated by angiogenesis and EMT is considered as a major reason for 

anaplastic thyroid carcinoma-related deaths, targeting these two processes is thought to be a 

promising approach for invasive cancer treatment. Therefore, microRNAs-based therapy with 

the ability of multi-gene targeting can be a new and feasible strategy for human cancer 

treatment.   
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2.3  microRNAs 

microRNAs as endogenous single-stranded non-coding RNAs with of about 22 nucleotides 

make up a novel group of gene regulators, finding in both animals and plants (214). 

Numerous studies have shown the pivotal roles of miRNAs in multiple biological as well as 

metabolic processes, including cell differentiation, proliferation, and survival. It has also been 

estimated that more than one-third of whole human genes could be regulated by miRNAs 

(214). There has been detected at least 300 miRNAs, and there might be as many as 1000 in 

the human genome, encompassing approximately 1–4% of all human genes (23). A vast 

number of miRNAs are located within introns of protein-coding or non-coding mRNA 

transcripts, while the rest of them are either found within the exons of non-coding mRNA 

genes or within 3′ UTRs of mRNA genes. The latter can also be clustered with other miRNAs 

genes such as a cluster on chromosome 19, contained 54 new miRNAs (215).  

miRNAs can negatively regulate their targets in two various ways, depending on the degree of 

complementarity between the miRNA and the target (214). Throughout the first way, miRNAs 

which can completely or near completely bind to protein-coding mRNA sequences promote 

the RNA-mediated interference (RNAi) pathway. In brief, ribo-nucleases cleave mRNA 

transcripts in the miRNA-associated, multiprotein RNA- induced-silencing complex 

(miRISC), leading to the degradation of target mRNAs (214). This is a common miRNA-

mediated gene silencing mechanism in plants (216), although mRNA cleavage as a result of 

miRNA has also found to happen in mammals (217). miRNAs of animals, however, are 

believed to employ a second mechanism of gene regulation which is not related to the 

mRNAs degradation (218). This mechanism is basically dependent on an imperfect 

complementary binding of miRNAs with the 3′un-translated regions (UTRs) of their mRNA 

targets, resulting in repressing target gene expression post-transcriptionally, apparently at the 
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level of translation. miRNAs using this mechanism can lessen the level of proteins of their 

targets, however, the mRNA levels of these genes are scarcely changed (214, 218).  

2.3.1  miRNA Mechanisms  

miRNAs, which seem to be transcribed by RNA polymerase II as long, poly-adenylated, and 

capped primary transcripts, are called pri-miRNAs (219). At nuclear level, pri-miRNAs are 

cleaved to about 60-70 nucleotide hairpin-shaped intermediates pre-miRNAs by RNase III 

Drosha (220). During the next step, the nuclear transport receptor exportin-5 exports pre-

miRNAs to the cytoplasm. At cytoplasmic level, pre-miRNAs undergo a processing 

mechanism in which ∼22 nucleotide miRNA duplexes are formed by the cytoplasmic RNase 

III, Dicer (221). Consequently, these double-strands miRNAs are uncoiled and incorporated as 

single-stranded RNAs into the miRISC complex. One of the two RNA strands, which can 

incorporate in the RISC, is determined via the base pairs stability of the 5′ end of the duplex 

and the other one is degraded (Figure 1). The incorporate guide strand or mature miRNA 

strand plays an important role to regulate its targets negatively by targeting the3′-UTR region 

of the mRNAs (214).      

  



 

Haleh Vosgha       School of Medicine     73 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Biogenesis of miRNA is a multi-step process requiring RNA Pol 

II for transcription of primary transcript called pri-miRNA. Nuclease Drosha-DGCR8 is also needed for creating 

the double-stranded stem–loop structure of the pre-miRNA precursor (∼70-nt). pre-miRNAs are exported via 

Exportin-5 from the nucleus to the cytoplasm. Further processing by the nuclease Dicer protein makes a mature 

miRNA (∼22-nt) that one strand of which will be incorporated into the RNA-induced silencing complex (RISC). 

The red strand reflects a miRNA guide and passenger strand is represented in black (222). 

  

Figure 1: Biogenesis pathway of miRNA. 
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2.3.2  Role of miRNAs in different physiological processes 

2.3.2.1   Cell development and miRNAs 

There are plentiful studies demonstrating the significance of miRNAs in neural, muscle and 

germline development (23). The two earliest miRNAs, lin-4 and let-7, which control the 

timing of larva development in C.elegans imply that those animals with the lack of ability to 

produce mature miRNAs are not able to survive and reproduce (223, 224).  

In vertebrates, for instance, miRNA-124 is introduced as a key regulator of neural 

development, whose over-expression results in neural development while whose knockdown 

inhibits it (225, 226). The miRNAs function in the heart, vascular tissue and blood 

development has also been found (23, 227). There are a wide variety of miRNAs in various 

cardiovascular pathologies, arrhythmias, fibrosis, pressure overload-induced remodelling and 

metabolic disorders such as miRNA-1, miRNA-133, miRNA-21 and miRNA-126. miRNA-1 as 

the most produced miRNA in cardiac myocytes is the first miRNA playing a role in heart 

development. There have been reported that miRNA-126, miRNA-218, miRNA-143, and 

miRNA-145 are implicated in modulating vascular and blood development (23).   

2.3.2.2   Cell differentiation and miRNAs  

The significant role of miRNAs in embryonic stem cells (ES) has been found in numerous 

studies (23). For instance, while the expression of the miRNA-290~295 cluster and miRNA-

296 drops during stem cell differentiation, miRNA-21 and miRNA-22 levels rise in this 

process (228).       

Each miRNA may play specific responsibilities in order to control the function of stem cells 

(228). let-7 can stop the activity of abundant key pathways which are critical for ES cell 

identity, including the promotion of cell cycle progression and stem cell identity (229, 230). 
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Apart from let-7, there are several other miRNAs which can inhibit the pluripotency in 

differentiation ES cells such as human miRNA-145 that can downregulate OCT4, SOX2, and 

KLF4 upon differentiation (231, 232). Furthermore, miRNAs are also implicated in 

modulating cancer stem cells, among which let-7 has integral roles in both normal and cancer 

stem cells. The functional role of let-7 is to regulate multiple stem cell-like properties in the 

initiation of breast cancer cells by silencing multiple targets (23). 

2.3.2.3   Immune system and miRNAs 

miRNAs are critical regulators of mammalian immune systems (23). miRNA genetic ablation 

can severely affect immune development and its response and so result in immune disorders 

like autoimmunity and cancer (233). A vast number of miRNAs are differentially expressed in 

many types of immune cells with diverse expression profiles in resting or activated immune 

cells (23). For example, upon a variety of inflammatory stimuli, miRNA-155 over-expresses 

in monocytes, macrophages, and myeloid dendritic cells (234). miRNA-21 and miRNA-196 

are among those miRNAs with important roles in regulating the innate immune system 

development and function (23). The over-expression of these miRNAs in lineage-depleted 

bone marrow cells is related to inhibition of granulopoiesis in vitro. In addition, according to 

several experiments, miRNAs can also involve in modulating adaptive immune responses. 

The regulating function of miRNA-155 has been detected in B-cell activation of germinal 

centre. The B cells with deficient miRNA-155 show an impaired humoral response to T cell-

dependent antigenic stimulation (235).   
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2.3.3  miRNAs regulation in various pathological processes  

2.3.3.1   Aberrant expression of miRNA in cancer  

As miRNA are implicated in the regulation of various key biological processes, they can also 

be linked to the aetiology, progression and prognosis of cancer (236). The prevalent 

characteristic of all human cancers is the alteration of miRNA expression profile. For 

example, miRNA-126, miRNA-143 and miRNA-145 significantly downregulate in more than 

80% of the tumour samples compared to normal samples, while miRNA-21 over-expresses in 

80% of tumour samples (237). Therefore, miRNAs play a promising role as biomarkers for 

cancer diagnostic as well as prognostics. They can also be helpful in classification, staging, 

and progression of cancer and response to treatment (238). The alteration of miRNA 

expression in cancer was initially detected in miRNA-15a and miRNA-16-1, both of which are 

downregulated in almost all of chronic lymphocytic leukaemia (CLL) cases (239). Four 

different mechanisms, including chromosomal abnormalities, genomic mutations and 

polymorphism, epigenetic changes and alteration in miRNA biogenesis are involved in the 

deregulation of miRNA expression in cancer (239). There are some common characteristics of 

miRNAs deregulation in various tumours (228). First of all, the miRNA profiles of tumour 

cells are significantly different from those of normal ones which suggests the biological 

significance of miRNA function during the cancer progression (228). The majority of 

miRNAs are repressed in cancers relative to normal tissues, although there are some over-

expressions of miRNAs in a number of tumours (228). Second, the profile of miRNA 

expression in tumours from similar developmental origins appears to have same changes, 

offering a cancer diagnosis and prognosis tool (23). Third, the frequent deregulation of 

miRNAs in many cancers suggest the miRNA participation in fundamental signalling 

pathways and subsequently in many types of malignancies (23). The miRNAs depletion by 
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knockdown of the miRNA-processing machinery can promote cell transformation and 

tumorigenesis, indicating that the miRNA alteration contributes to cancer development. Many 

studies have supported that the miRNA alterations in cancer can be downregulated and 

overexpressed with putative tumour suppressive and oncogenic functions (23).       

2.3.3.2   OncomiRNAs or miRNA as Oncogenes 

miRNAs can gain or lose their functions and act as an oncogene or tumour suppressor  (Table 

1) (236). The cluster miRNA-17-92 as one of the first identified oncogenic miRNAs is up-

regulated in a vast number of cancers including lymphomas, lung cancers, and others (240). 

miRNA-21 is another example of oncogenic miRNAs which is over-expressed in almost all 

types of cancers (23). Furthermore, miRNA-155 is the only example that a single miRNA is 

sufficient to induce tumorigenesis so far. miRNA-155 has high expression in various B cell 

malignancies such as diffusing large B-cell lymphomas, Hodgkin lymphomas, aggressive 

CLL, and subsets of Burkitt lymphomas and is found to indicate poor prognosis (23). 

2.3.3.3   miRNA as Tumour Suppressors  

Contrary to oncomiRNAs, those miRNAs with low expression in malignant cells function as a 

tumour suppressor by negatively repressing oncogenes and/or genes that inhibit apoptosis or 

cell differentiation (Table 2) (23). Let-7, miRNA-15a and miRNA-16-1 and miRNA-34 are 

among miRNAs acting as a tumour suppressor which negatively regulate Ras, Bcl-2 and p53 

respectively (23). Since the forced expression of these types of miRNAs is capable of 

suppressing cancer cell growth, they can provide insight into new opportunities for cancer 

treatment by modulating miRNA pathways and activities (22).     
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2.3.3.4   Other Pathological Processes 

Based on the crucial roles of miRNAs in diverse cellular activities including immune 

response, insulin secretion, neurotransmitter synthesis, and circadian rhythm, they are 

significantly able to regulate functions in the relating pathological processes (228). miRNA-

133, for example, is implicated in secondary complications related to diabetes (241). There 

are several miRNAs which are involved in a number of pathological conditions of the central 

nervous system such as Alzheimer’s and Parkinson’s (242). In addition, miRNAs have been 

popularly studied in the pathological processes of heart, vascular tissue and blood including 

arrhythmias, fibrosis, pressure overload-induced remodelling, and vascular disorders (23).  
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Up-regulated miRNAs Target Type of cancer Reference 

miR-17-92 cluster PTEN B-cell lymphomas (23) 

miR-21 PDCD4 
(Programmed Cell 

Death 4) 

Breast (243) 

miR-155 P53 Pancreas (244) 

miR-18a ER-α Liver (245) 

miR-221/222 PTEN, TIMP3 Lung (243) 

miR-146a/miR-146b SMAD4 Thyroid (246) 

Table 1: Oncogenic miRNAs in different types of cancer and their putative targets 
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Down-regulated miRNAs Target Type of cancer Reference 

Let-7 HRAS Lung (247) 

miR-15a BCL2 Prostate (243) 

miR-34 Notch1 Glioblastoma (248) 

miR-126 VEGF-A Thyroid (249) 

miR-143/145 ERBB3 Breast (243) 

miR-200 family ZEB-1/2 Breast (250) 

miR-205 VEGF-A Glioblastoma (251) 

miR-129-2 Sox-4 Stomach (252) 

miR-29 MMP-2 Colon (253) 

 

Table 2: Tumour suppressive miRNAs in different types of cancer and their putative targets 
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2.3.4   miRNA and Angiogenesis  

2.3.4.1   miRNA expression and regulation in endothelial cells 

In 2006, Poliseno et al. have performed the first miRNA profile in endothelial cells (ECs) 

(254). They detected 15 highly expressed miRNAs in human umbilical vein ECs (HUVECs), 

which could negatively regulate the expression of various target genes such as receptors for 

angiogenesis factors (254). To date, there are 28 miRNAs (miR-15b, -16, -20, -21, -23a, -23b, 

-24, -27a, -29a,-30a, -30c, -31, -100, -103, -106, 125a and -b, -126, -181a, -191, -199a, -221, -

222,-320, let-7, let-7b, let-7c, and let-7d) which are commonly expressed in ECs cultured 

under normal conditions (255). However, the number of angiogenesis-regulatory miRNAs 

might be underestimated due to different platforms and varying source of ECs used in the 

analyses (255). Moreover, different conditions such as stressed situations as well as derived-

ECs from diseased organisms can change the miRNA expression profile (256). For example, 

Caporali et al. in 2011 proved that miRNA-503 is induced in ECs in response to diabetes and 

ischemia (256). However, further studies are needed for us to be capable of providing a more 

comprehensive list of endothelial miRNAs able to positively or negatively control EC 

functions, including angiogenesis. Based on the correlation between miRNAs and 

angiogenesis and expression and function of miRNAs in ECs, the endothelial miRNAs are 

divided into two categories: 1) miRNAs targeting genes which are involved in angiogenesis 2) 

miRNAs whose expression can be regulated by pro-angiogenic and anti-angiogenic stimuli 

(255).   

2.3.4.2   microRNAs involved in angiogenesis 

These miRNAs which are called angio-miRNAs or angiomiRs are frequently found in ECs 

where they act as regulators through binding to target genes (24). Angiogenesis-regulatory 

miRNAs or AngiomiRs can be categorised into two different groups: pro-angiogenic miRNAs 
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which promote angiogenesis through targeting the negative regulators of VEGFs signalling 

and the anti-angiogenesis miRNAs that inhibit angiogenesis by mainly targeting VEGF (255).  

2.3.4.3   miRNAs targeting VEGF-A 

In 2004 Yang et al. for the first time revealed that VEGF-A mRNA could be a target of 

various miRNAs (257). They also noted that dicer gene abrogation in mice could lead to 

retarded development, defective angiogenesis and the death of embryos (258). The over-

expression of VEGF-A is directly linked to this phenotype, demonstrating that deficient 

VEGF-A mRNA processing is one of the leading causes of defective angiogenesis (258).   

There are a vast number of studies which identify numerous miRNAs targeting VEGF-A. Of 

these, miR-20 a/b, miR-106 a/b, miR-17-5p, miR-16 and miR-15b were the first miRNAs with 

the affinity for binding to the VEGF-A 3’ untranslated region (259, 260). Also, miR-15b, miR-

16, miR-20a and miR-200 can regulate other angiogenic factors (259).    

Increased expression of VEGF-A is a result of down-regulation of miR-126, miR-200, miR-

93b and miR-205 in lung cancer cell lines, diabetic retina, in hyperglycaemic conditions and 

glioma cell lines respectively (27, 261-263). Furthermore, the inverse correlation between 

VEGF-A expression and miR-361-5p has been reported in human cutaneous squamous cell 

carcinoma (264). In hepatocellular carcinoma, miR-125a plays a role to repress the 

proliferation and metastasis of the cells through targeting VEGF-A (265). miR-145 also has 

the similar regulatory function to inhibit tumour angiogenesis, cell growth, invasion and 

tumour growth (266). miR-16 is the first example of miRNA which can inhibit a specific 

isoform of VEFG-A (VEGF-A121) (267). In a study carried out by Jafarifar and 

collaborators, at least another four miRNAs such as miR-297, miR-299, miR-567 and miR-609 

have been found which can target the human VEGF-A (268). Recently, an additional study 

has reported the modulatory role of miR-200b to control the expression VEGF-A in bone 
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marrow-derived macrophages (269). The tumour suppressive role of miR-205 was also 

noticed in glioma by targeting VEGF-A. This study illustrated that over-expression of miR-

205 has an ability to impede malignant characteristics of glioma cells through down-

regulation of VEGF-A.  

2.3.4.4   miRNAs targeting ZEB-1/ZEB-2 

To date, several miRNAs have been found to regulate EMT, tumour progression and 

metastasis (270-273). In 2008, a research study found that the miR-200 family (miR-200a, 

miR-200b, miR-200c, miR-141 and miR-429) and miR-205 can cooperatively regulate the 

expression of ZEB-1/ZEB-2. They have confirmed the essential function of these microRNAs 

in tumour metastasis (250). miR-205 was also associated with inhibition of cell invasion and 

migration in oesophagus squamous cell carcinoma (ESCC) cells through its repression of 

ZEB-2 as a repressor of E-cadherin and an inducer of EMT (274).   

According to the previous studies, miR-205 is one of the most important role-players in 

regulating of molecular and biological processes whose deregulation has been discovered in 

many cancers. Therefore, the aim of current research is to take advantage of an imperfect 

match capability of miR-205 for the first time to impede angiogenesis and EMT mechanisms 

as two powerful events in thyroid carcinogenesis.  
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Abstract  

microRNA-205 (miRNA-205), as a highly-conserved microRNA, has homologs in diverse 

species (1). Using computational methods, the existence of miR-205 was initially predicted 

based on the conservation with mouse and Fugu rubripes sequences (2).  Consequently, the 

expression of miR-205 has been established in zebra fish and humans (3, 4). Human miR-205 

is encoded within the sequence of a hypothetical gene termed LOC642587 which is located in 

the chromosome 1q32.2 region. The pre-miR-205 exists in the connecting position of the 

second intron and the third exon of LOC642587. Tissue and cell-specific expression of miR-

205 has been reported by several studies to be located in the epithelial tissues (1, 5, 6). In 

zebra fish, miR-205 is mainly expressed in epidermis of the skin (5). In the mouse, miR-205 

expression was noted in squamous epithelium in footpad, tongue, skin epidermis, hair follicle 

and corneal epithelium and not detected in small intestine, brain, heart, liver, kidney, or 

spleen (7). In humans, expression of miR-205 was noted in breast, prostate and thymus, 

suggesting that these organs require miR-205 for their development. Multiple lines of 

evidence have demonstrated key mediatory roles of microRNA-205 (miR-205) in normal 

physiology and its aberrant expression in many cancers.  Indeed, miR-205 has been identified 

as both a tumour suppressive and oncogenic miRNA playing crucial roles in tumourigenesis 

through regulating different cellular pathways such as cell survival, apoptosis, angiogenesis 

and metastasis (6).   

miR-205 in normal physiology 

Studies have examined the potential ability of miR-205 to regulate normal physiology (8-11). 

Yu et al. demonstrated that miR-205 could play an important role in wound-healing as well as 

keratinocyte migration via suppressing Src Homology 2-containing phosphoinositide 5’-

phosphatase 2 (SHIP2) and altering F-actin organization (10).  Consequently, this could 
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accelerate the process of wound healing as a result of activation protein kinase B (AKT) 

signalling in human epidermal keratinocytes and corneal epithelial keratinocytes. Upon 

SHIP2 suppression, cell-substrate adhesion decreased and cell mobility was promoted. In 

addition, miR-184 was identified as an antagomiR of miR-205, which negatively affects this 

process by inhibiting the interaction between miR-205 and SHIP2, leading to reduced 

capability of cells to repair scratch wounds (9, 10). In another study, KIR4.1 (KCNJ10), a 

critical member of the KIR (inward rectifier-type potassium channel) family in regulating cell 

membrane potential, was shown to be modulated by miR-205 in wound-healing (11). Over-

expressed miR-205 during an injury could bring about repression of KCNJ10 in human 

corneal epithelial cells, resulting in inactivation of potassium channel activity and subsequent 

stimulation of the healing process (11).  

miR-205 has also been found to be implicated in regulation of primary human trophoblast 

development and changes in hypoxia such as  hypo-perfusion and placental injury (12). In this 

situation, the expression of miR-205 is elevated which enables the suppression of the regulator 

of placental development, mediator of RNA polymerase II transcription subunit 1 (MED1). 

Such suppression could be useful for adaptation to injuries during pregnancy (12).    

Another important physiological role of miR-205 is regulation of adipogenesis differentiation 

through targeting glycogen synthase kinase 3 beta (GSK-3β) in pre-adipocytes (13). A study 

has shown that over-expression of miR-205 suppressed the expression of GSK-3β, thus 

leading to dephosphorylation of β-catenin, activation of the Wnt signalling pathway and 

inhibition of adipogenesis.  In addition, high expression of miR-205 and active non-

phosphorylated β-catenin increased the expression of cyclin D and c-Myc. They are cell-cycle 

progression inducers, and promoted preadipocyte cells proliferation. Also, miR-205 is itself 

regulated by peroxisome proliferator-activated receptor γ (PPAR γ), which up-regulates miR-
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205 expression during adipogenesis (13). Altogether, miR-205 acts as a regulatory factor of 

adipogenesis differentiation and pre-adipocyte cell growth by affecting GSK-3β and the Wnt 

pathway (13).     

In embryonic development, miR-205 has been detected as one of the key regulators of two 

physiological processes namely extra-embryonic endoderm differentiation and 

spermatogenesis under inactivation of Arf (alternate reading frame) as a main regulator of 

those processes (14). It has been shown that induced expression of miR-205 could stimulate 

formation and adhesion of extra-embryonic endoderm cells from pluripotent embryonic stem 

cells or trigger pluripotent cell progenitors and modulate spermatogenesis (14).   

Elevated expression of miR-205 has also been identified in mammary epithelial cell 

progenitors which could target the PTEN (Phosphatase and tensin homolog) tumour 

suppressor and Zeb1/2 (zinc finger E-box binding homeobox 1/ 2) as epithelial-to-

mesenchymal transition (EMT) -inducing repressor genes, resulting in increased cell 

proliferation (15). In addition, when miR-205 was over-expressed in these cells, many 

morphological changes including progenitor cell expansion, reduced cell size and increased 

potential of colony-formation occurred.   

Another study showed the importance of miR-205 in neonatal expansion and proliferation of 

skin stem cells through targeting SHIP-2 and Phlda-3 (Pleckstrin homology-like domain, 

family A, member 3) which are negative regulators of the PI3K (Phosphatidylinositol-4,5-

bisphosphate 3-kinase)  pathway (16). The experiment showed that reduction of miR-205 

expression led to neonatal fatality along with defecting epidermal and hair follicle growth in 

mouse. Finally, miR-205 controls two positive regulators of cell migration genes, Arhgap5 

(Rho GTPase-activating protein 5) and Cxcl12 (Chemokine [C-X-C Motif] Ligand 12), which 

are involved in skin stem cell migration and adhesion (16).  Therefore, disruption to the 
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normal expression pattern of miR-205 can be observed in initiation and development of 

abnormalities in physiological events in addition to initiation of different disorders, 

potentially including a number of epithelial cancers. 

 miR-205 and breast cancer 

Breast cancer is one of the most prevalent human malignancies among women. Nearly all 

breast cancers are adenocarcinomas, mostly ductal or lobular carcinomas. The cancer has a 

profile of abnormal miR-205 expression which is able to change cell proliferation as well as 

cell cycle regulation (17). In 2007, using in situ hybridization, Sempere et al. initially reported 

that miR-205 is restrictedly expressed in myoepithelial/basal cells of normal mammary ducts 

and lobules (18). They also found that expression of this miRNA is reduced or totally 

abolished in breast cancer samples. To obtain insight into expression profiling of miRNAs in 

normal and different breast cancer tissues, they examined the expression of the miRNA in 

several different molecular subtypes of breast cancers.  Triple negative breast carcinoma is an 

aggressive type of carcinomas with negative expression of oestrogen receptor (ER), 

progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER-2 or ErbB-

2). Interestingly, they observed elevated expression of miR-205 in triple negative breast 

carcinomas implying that there is a correlation between miR-205 and this aggressive 

molecular subtype of breast cancer. The result was in concurrence with low miR-205 

expression in breast cancer cell lines in comparison with non-tumorigenic ones (18). This 

result was attributed to the negative-regulatory role of miR-205 in epithelial-to-mesenchymal 

transition (EMT) (19).   

Several reports have indicated that the levels of miR-205 are decreased in invasive breast 

cancer cell lines that had undergone epithelial-to-mesenchymal transition in response to 

transforming TGF-beta (transforming growth factor- beta), resulting in up-regulation of Zeb-1 
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and Zeb-2 (19, 20). These factors are then capable of binding to E-cadherin and cell polarity 

genes, leading to suppression of E-cadherin and loss of cell-cell junction. Therefore, miR-205 

has a potential role in EMT, which may explain its negative correlation to invasion of breast 

cancer through its targeting Zeb-1 and Zeb-2 (19, 20).   

On investigating putative targets of miR-205, Iorio et al., found ErbB-3 or HER-3 tyrosine-

protein kinase receptor could be regulated by miR-205 in breast cancer (21). They showed that 

miR-205 expression decreased in breast carcinomas compared to non-cancer samples, whereas 

HER-3 is frequently up-regulated in breast cancers, suggesting that there is an inverse link 

between miR-205 and HER-3 protein level. This function of miR-205 can impair the 

activation of downstream mediator Akt in the PI3K/Akt cell survival pathway and 

subsequently inhibit breast cancer cell growth (21). Moreover, this study described the 

introduction of miR-205 in breast cancer cells could enhance the responsiveness to tyrosine 

kinase inhibitor (TKI) therapies such as Gefitinib and Lapatinib through annihilating HER3-

mediated resistance and repairing pro-apoptotic activity (21). Similar results were reported by 

Wang et al. in 2013, showing that over-expression of miR-205 was able to enhance apoptosis 

and decrease the migration capacity of breast cancer cells through targeting HER-3 (22). 

Another study carried out by Wu et al. indicated that miR-205 was as a potential tumour 

suppressor and the down-regulation of miR-205 was observed in breast cancer cells compared 

with the normal breast epithelial cell line (23). They also reported that transfection of miR-

205 can repress proliferation, clonogenic survival, anchorage–independent growth and 

aggressiveness (23). Apart from HER-3, VEGF-A (vascular endothelin growth factor –A), was 

identified as another potent target for miR-205, implying that inhibition of breast cancer and 

blood vessel growth could also be mediated by miR-205 and emphasising the multiple 

targeting potentials of this miRNA (1, 23).   
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In 2011, Adachi et al. observed for the first time the reduction of miR-205 as a result of over-

expression of ErbB-2 (HER-2) in breast epithelial cells, indicating that it may be a major 

event for ErbB-2-induced breast carcinogenesis (24). Cyclin D1 and cyclin E are two key 

downstream molecules in the ErbB-2 signalling pathway, which are required for breast 

carcinogenesis mediated by ErbB-2. ErbB-2-overexpressing breast epithelial cells transfected 

by precursor miR-205 showed significantly lower expression of cyclin E, but not cyclin D1.  

This finding suggested the mediatory role of miR-205 in activation of cyclin E induced and 

provided further evidence that this mediation might be integral to ErbB-2-induced breast 

carcinogenesis (24). 

Further information on the role of miR-205 in breast carcinogenesis was provided when p53 

was observed to be a positive regulatory factor of miR-205 in triple negative breast 

carcinomas cells. p53 can directly bind to a responsive element located up-stream of miR-205, 

resulting in increased expression of miR-205 (25) . LAMC1 (laminin, gamma 1) and E2F1 

(E2F transcription factor 1) regulators of cell proliferation, migration, adhesion and cell cycle, 

were two novel target genes of miR-205 which were also identified in this research, 

confirming the oncosuppressive role of miR-205 in breast cancer. Reintroduction of miR-205 

into the triple negative breast cancer cell line was dramatically able to reduce cell 

proliferation, cell cycle progression as well as clonogenic potentiality both in vitro and in a 

xenograft model, attributed to targeting of LAMC1 and E2F1 (25, 26).   

Le Quesne and colleagues reported that miR-205 expression was found to be a grade- and 

stage-independent predictor of survival of patients with ductal carcinoma of breast (27).  

However, when lymph node status of ductal carcinomas was entered into this model, the 

predictor potential of miR-205 was lost. It was proposed that an anti-metastatic effect might 

mediate the correlation of miR-205 and survival. They also noted that AFF1 (AF4/FMR2 
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family, member 1), a transcriptional factor was highly expressed in lobular carcinomas, and 

was a predicted target gene of miR-205. This finding showed that the overall transcriptional 

profile, morphology and biological behaviour of lobular breast carcinoma might be 

contributed by the loss of miR-205 and its AFF1 interaction (27).     

By studying 59 breast carcinomas patients in three different molecular groups (ER- and/or 

PR+; Group I), (HER2+; Group II) and (ER-/ PR-/ HER2-; Group III), Savad et al. observed 

that miR-205 down regulated in all these groups (28). However, there was a significant down-

regulation only in Group III cancers, which had also been reported by other studies (18, 29). 

Therefore, down regulation of miR-205 is a feature for triple negative breast cancer (28).  Liu 

et al. used RT-PCR to analyse expression of miR-205 in archived serum of 30 participants 

including 20 breast cancer patients and 10 healthy people. They stated that there was 

significant miR-205 down-regulation in serum of patients compared to healthy individuals 

(30). Other than that, there was no significant association between miR-205 expression and 

clinicopathological parameters of patients with breast cancer (30). In 2013, Wang et al. 

reported that Entinostat (a class I Histone Deacetylase [HDAC] inhibitor in clinical trials of 

treatment of various cancers) could induce apoptosis in ErbB-2-overexpressing breast cancer 

cells by causing up-regulation of miR-205 whose main targets are ErbB-2/ ErbB-3 receptors 

(31). Based on this information, epigenetic approaches such as inhibition of HDAC via 

Entinostat in concert with exogenous dosing of ErbB-2/ ErbB-3- targeting miRNAs could be 

promising strategies in the hope of treating the breast cancer patients with ErbB-2 over-

expression (31).  

miR-205 and prostate cancer  

Prostate cancer is one the most frequently diagnosed cancers among men. Nearly all prostatic 

carcinomas are adenocarcinomas. In 2007, Porkka and colleagues had found from 
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oligonucleotide array hybridization method  in cells lines, xenografts and carcinomas samples 

that down-regulation of miR-205 linked to tumour progression in prostatic carcinoma (32).  In 

2009, Gandellini et al. found significant down-regulation of miR-205 in prostate cancer cell 

lines and prostate cancer tissues compared to normal samples (33). They demonstrated for the 

first time that miR-205 had a tumour-suppressive role in prostate cancer through inhibiting 

EMT process and repressing cell migration and invasion partly by suppression of protein 

kinase C. miR-205 has also been implicated in sustaining epithelial cell phenotype and tissue 

organization due to targeting several factors (specifically E2F-1, E2F-5, Zeb-2 and N-

chimaerin) involved in regulation of cell motility, invasion properties and cell-cell adhesion 

(33). This possibility could be used as a treatment strategy using miR-205 in order to 

reprogram the phenotype of prostate cancer cells to a less invasive form (33).   

In 2010, the tumour suppressive role of miR-205 in prostate cells was also recognized by 

Majid et al. through promoting the expression of two other tumour suppressor genes; 

interleukins 24 (IL- 24) and interleukin 32 (IL-32) by targeting their promoters (34).  Also, 

metastatic prostate cancer cells transfected with miR-205 showed the reduction of cell 

invasive properties and migratory abilities which was consistent with previous reports (32, 

33).  Hence, miR-205-induced IL-24/32 activation may be beneficial as a new method for 

prostate cancer therapy. Moreover, it has been shown that pro-apoptotic genes such as BAK 

(bcl-2 associated killer), BAX (bcl-2 associated X) and BID (BH3 interacting domain death 

agonist) were considerably up-regulated as a result of miR-205 over-expression in prostate 

cancer, resulting in inhibition of cancer cell proliferation (34). In other research in 2010, 

apoptosis regulation of prostate cancer cells was investigated through miR-205-induced 

BCL2L2 repression (35). BCL2L2 is an anti-apoptotic protein which can be targeted by miR-

205 in prostate cancer. miR-205 was able to enhance prostate cancer cell apoptosis induced by 
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chemotherapeutic agents via down-regulating BCL2L2. However, hypermethylation of miR-

205 promoter in advanced prostate cancers led to repression of the miRNA, preventing this 

effect. Thus, low expression of miR-205 could directly promote prostate cancer progression 

into more invasive and chemo-resistant states (35).   

Taking the advantages of next generation sequencing technology, Watahiki et al. identified 

different expression patterns of miRNAs in metastatic prostatic cancer cells compared to a 

non-metastatic prostate cancer in mice models. Of these miRNAs, miR-205 was found to be 

down regulated in the metastatic cells, showing a potential significant role in prostate cancer 

metastasis (36).    

miR-205 could also play an important role in a pathway involving ∆Np63 (37).  ∆Np63, a 

protein exclusively expressed by basal cells of prostatic glands, is required for lineage 

commitment and differentiation in prostate development (38, 39). It has been determined that 

an interaction between miR-205 and ∆Np63 is essential for maintenance of the basement 

membrane which surrounds normal prostate glands and preserves tissue integrity. Invasion of 

basement membrane is one of the key events in invasive carcinoma.  ∆Np63 was capable of 

enhancing miR-205 expression by binding to its promoter, while miR-205 could indirectly 

decrease the amount of ∆Np63 protein mainly through its proteasomal degradation. At the 

functional level, miR-205 modulates basement membrane assembly and maintains tissue 

integrity by regulating laminin-332 deposition and its receptor integrin-β4.  Therefore, 

pathological reduction of miR-205 can increase the chance of carcinogenesis by creating gaps 

in the basement membrane (37). Another study in 2012 noted that miR-205 expression could 

be regulated by 2 isoforms of p63 - ∆Np63 and Tap63 (40). It has been found that both p63 

and miR-205 are down-regulated in metastatic prostate cancer.  According to this study, 

∆Np63 has an inhibitory role in the EMT process through reduction of Zeb-1, which can be 
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abolished by the use of an anti-miR-205. In addition, mutated p53 was introduced as a key 

factor to reduce the expression of ∆Np63 and miR-205 in prostate cells, resulting in increased 

cell migration (40).  

Puhr et al. highlighted the correlation between reduced expression of miR-205 and docetaxel 

insensitivity in prostate cancer (41). Docetaxel is a standard chemotherapy for patients with 

metastatic prostate carcinoma. The authors reported that the level of miR-205 was diminished 

in docetaxel-resistant cells, resulting in increased expression of E-cadherin and promoting the 

EMT process. These findings demonstrated that prostate cancer cell survival and drug 

resistance during chemotherapy are directly associated with the level of miR-205 (41).     

Epigenetic regulation of miR-205, leading to reduction of its expression in prostate cancer 

cells has been highlighted (35, 42, 43).  In 2013, Hulf et al. showed the association between 

epigenetic mechanisms such as DNA methylation and histone H3K9-deacetylation of miR-

205 locus and MED-1 (mediator of RNA polymerase II transcription subunit 1) gene 

deregulation in prostate cancer (44). They found silencing and reduced expression of miR-205 

in prostate cancer cells through hyper-methylation and histone deacetylation. Moreover, 

MED-1, an androgen receptor co-activator and an important factor for transcription of 

androgen receptor target genes, was observed to be over-expressed in prostate cancer and 

could be regulated by miR-205. Therefore, reduced expression of miR-205 through epigenetic 

mechanisms can up-regulate MED-1 in prostate cancer.   

On analysing 111 archival prostate carcinoma samples, Verdoodt and colleagues indicated 

that miR-205 expression was reduced in the majority of cancer samples compared to benign 

ones (45). miR-205 expression diminished with increasing size of the carcinoma.  

Additionally, the anti-apoptotic protein BCL-2, is highly expressed in primary prostate cancer 

and is a marker for poor prognosis in patients with prostatic cancer. The marker was found to 
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be a target of miR-205. Upon targeting BCL-2, miR-205 could increase apoptosis and inhibit 

proliferation in prostate cancer cells in response to chemotherapeutic agents namely cisplatin 

and doxorubicin (45).    

miR-205 expression was found to be inversely correlated with the incidence of metastases and 

decreased overall survival of patients with  prostate cancer (46). The miRNA was noted to be 

mainly expressed in the basal cells of prostate glands. Patients with prostatic cancer having 

higher tissue levels of miR-205 expression had better survival when compared to those who 

did not. Furthermore, miR-205 was found to bind to and have an inverse link with serum 

levels of the androgen-regulated prostate-specific antigen, verifying miR-205’s potential role 

in targeting of androgen receptor signalling (46). It has also been shown that the MAPK 

(mitogen-activated protein kinase) pathway is one of the oncogenic pathways affected by 

miR-205 in prostate cancer cells. MAPK is implicated in phosphorylation of androgen 

receptor which could promote the ligand-independent activation of the androgen receptor in 

response to androgen ablation treatment (castration). In addition, lower expression of miR-205 

has been detected in castration-resistant patients who had up-regulation of androgen receptor. 

Thus, miR-205 may be able to exert a therapeutic function, in particular for castration resistant 

prostate cancers (46).  Another potential target for miR-205 was heterogeneous nuclear 

ribonucleoprotein K (hnRNP-K), a multifunctional protein and an inhibitor of androgen 

receptor known to be up-regulated in prostate cancer (47, 48).  Indeed, Szczyrba et al. 

demonstrated that hnRNP-K was a target of miR-205(49). Higher levels of hnRNP-K 

expression caused enhancement of the angiogenic and migratory functions of prostate 

carcinoma cells. The remarkable down-regulation of miR-205 in prostate cancer tissues thus 

results in under-expression of androgen receptor through regulation of AKT/hnRNP-K/AR/E-

catenin and MAP kinase signalling pathways (49, 50). 
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In 2013, Gandellini et al. reported that miR-205 was found to be the most suppressed miRNA 

in prostate cancer cells undergoing EMT upon stimulation by cancer-associated fibroblasts 

(51). EMT-induced by down regulation of miR-205 was determined to occur in two different 

stages in prostate cancer cells. First, matrix metalloproteases (MMP) -2 and 9 secreted by 

cancer-associated fibroblasts caused activation of hypoxia-inducible factor 1-alpha (HIF-1 

alpha) which was able to supress miR-205. Secondly, down-regulated miR-205 resulted in 

promotion of Zeb1/2 and PKCH activity, stimulating EMT and IL-6 secretion respectively. 

Acquisition of stem cell properties, tumourigenicity and reactivity of cancer-associated 

fibroblasts via IL-6 secretion were the consequences of miR-205 repression in prostate cancer 

cells (51). Wang and co-workers have also showed a correlation between miR-205 expression 

in prostatic cancer with the clinicopathological stage of disease and total/free serum prostate-

specific antigen level (52). Wang et al. also observed that c-Src (sarcoma [Schmidt-Ruppin 

A-2] viral oncogene), a non-receptor tyrosine kinase and a key role-player in various cell-

signalling pathways such as apoptosis, cell proliferation, invasion and adhesion, has been 

determined to be a target of miR-205. Through repression of c-SRC, miR-205 affected 

downstream signalling molecules involved in proliferation such as FAK, p-FAK, ERK1/2, p-

ERK1/2, c-MYC and CyclinD 1, resulting in inhibited cell invasion and tumour growth (52).  

In a study by Kalogirou et al., a group of prostate cancer with Gleason score ≥ 8 and/or 

pathological stage (T) ≥ 3 and/or PSA ≥ 20 ng/μL was classified as high risk prostate cancer 

(53).  They found that this group of prostatic carcinoma has a notable down-regulation of 

miR-205, further implying its tumour-suppressive role in this cancer (54).  Since miR-205 

expression reduced in lymph nodes with metastatic carcinomas when compared to the primary 

tumour, the authors suggested the miRNA played a critical role in tumourigenicity and those 

processes leading to migration and metastatic traits in prostate cancer cells. The dual tumour 
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suppressive and oncogenic roles of miR-205 are the reason for its expression to be ups and 

downs at different stages of prostate cancer (53). In 2013, Srivastava et al. signified for the 

first time the remarkably lower expression of miR-205 in urine samples of prostate cancer 

patients in comparison to the urine of healthy individuals, introducing that miR-205 could be 

used for screening urine for prostate cancer (54). In addition, utilizing PCR array in formalin-

fixed, paraffin embedded prostate cancer tissue, they also reported significant reduction of 

miR-205 expression in cancer samples compared to non-cancer ones (54).   

Investigating the potential role of miRNAs in arsenic-induced malignancy for prostate cancer, 

Nghalame et al. in 2014 showed the down-regulation of miR-205 in arsenic-transformed 

epithelial prostate cells (55). The authors found the same result after analysing the miRNA’s 

expression in cancer stem cells transformed by arsenic. It has been reported that miR-205 is 

among those miRNAs whose aberrant expression is involved in regulation of RAS/ERK and 

PI3K/PTEN/AKT pathways and controlling cell proliferation and cell death in these 

transformed cells (55). 
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miR-205 and lung cancer   

Lung cancer, the major cause of cancer mortality in the world, can be divided into two 

groups: small cell lung carcinoma and non-small cell lung carcinoma (NSCLC). The latter 

type of lung cancer also contains the two most prevalent histological types of lung cancer, 

namely squamous cell carcinoma and adenocarcinoma. Multiple groups have demonstrated 

the critical role of miR-205 in lung cancer progression, most of which found up-regulation of 

miR-205 in NSCLC (56). 

In 2008, Markou and colleagues performed quantitative real-time polymerase chain reaction 

to measure miR-205 expression in NSCLC (57).  It has been reported that miR-205 was up-

regulated in 65% (31 of 48) fresh frozen tissue NSCLC samples compared to their adjacent 

non-cancerous specimens. Nonetheless, they could not find any correlation between miR-205 

expression and survival rates of patients with NSCLC (57).  

 miR-205 as one of the miRNAs was found to be differentially expressed in squamous cell 

lung carcinoma in comparison to lung adenocarcinoma in a study in 2006 (58). In 2009, 

another group further reported that miR-205 could be used as a marker for squamous cell 

carcinoma of lung (59). Consistent with this study, Hamamoto et al. in 2013 determined that 

miR-205 expression could assist in the discrimination of NSCLC histological subtypes 

through its up-regulation in squamous cell carcinoma compared to adenocarcinoma (60).  

In 2010, Bishop et al. compared the classification of 102 NSCLC small tissues biopsies from 

pulmonary cancer samples based on two different approaches; standard pathologic methods 

(microscopic examination and immunohistochemistry) and a novel miR-205 expression-based 

method (61). They could distinguish 52 resected lung carcinomas as squamous cell 

carcinomas and 50 as adenocarcinomas by using both techniques, implying that miR-205 can 

be taken up as a diagnostic tool for an accurate differentiation of squamous cell carcinoma 
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from other sub-types of NSCLCs (61). Similarly, when comparing miRNA expression 

profiling between squamous cell carcinoma and adenocarcinoma in stage I lung cancer 

patients, Lu et al. observed significant over-expression of miR-205 in squamous cell 

carcinoma compared to adenocarcinoma (62).   

More recently, Haung et al. found over-expression of miR-205 in squamous cell carcinoma of 

lung compared with adenocarcinoma and small cell carcinoma of lung (56).  In addition, the 

authors identified 11 significant target genes of miR-205, among which 6 target genes 

(ACSL1, PRKAG3, RUNX1, SMAD4, STK3 and TBL1XR1) were reported for the first time to 

be involved in lung cancer progression (56).  In contrast to other studies, Del Vescovo et al. in 

2011 found that miR-205 expression in lung cancer tissue was not a reliable morphological 

marker to differentiate squamous cell carcinoma from adenocarcinoma in lung (63).   

In 2012, performing microarray and laser-capture microdissection methods, Huang et al. 

investigated the ability of miR-205 to discriminate lung squamous cell carcinoma and 

adenocarcinomas in bronchial brushing samples (64). They suggested that miR-205 has an 

oncogenic function in squamous cell carcinoma due to its higher expression compared to 

adenocarcinoma (64).  

miR-205 was shown to be over-expressed in different non-small cell lung carcinomas tissues, 

resulting in increased cell proliferation and activated angiogenesis both in vitro and in vivo 

through directly targeting PTEN and PHLPP2  (PH domain and Leucine rich repeat Protein 

Phosphatases 2) tumour suppressor genes and subsequently activating AKT/FOXO3a and 

AKT/mTOR pathways (65).  Activated AKT signalling, a common event in non-small cell 

lung carcinomas, leads to phosphorylation of FOXO3a (Forkhead box O3) and mTOR 

(mammalian target of rapamycin), whose abnormal expression are involved in tumour 

angiogenesis promotion by affecting p21, VEGF-A and cyclin D1. Moreover, Cai et al. 
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identified a novel mechanism for NF-κB which has a putative binding sequence located 

upstream of the miR-205 gene locus, implying that NF-κB can transactivate miR-205 in cells 

from non-small cell lung carcinomas including adenocarcinoma, squamous cell carcinoma, 

large cell carcinoma and adenosquamous carcinoma. Therefore, miR-205 repression as well as 

PTEN and PHLPP2 restoration that can inhibit the activity of AKT/FOXO3a and 

AKT/mTOR pathways provides potential targets to treat non-small cell lung carcinomas (65).  

Another independent study compared for the first time the significance and potential 

diagnostic and prognostic role of miR-205-5p and miR-205-3p in tissue and serum of patients 

with non-small cell lung carcinomas, benign pulmonary diseases and healthy individuals (66). 

They revealed that whilst high levels of miR-205-5p and miR-205-3p were noticed in 

squamous cell carcinoma, miR-205-5p alone was significantly overexpressed in non-small 

cell lung carcinomas. They concluded that miR-205-5p could be used to discriminate 

squamous cell carcinoma from other non-small cell lung carcinomas (66).  

Aushev et al. with the aim of finding novel method for early detection of squamous cell 

carcinoma of lung, analysed plasma miRNA profiles in these patients before and after lung 

cancer surgery (67).  They demonstrated that expression of miR-205 considerably diminished 

in the blood of patients after r removal of lung cancers. They also compared miRNA profiling 

in exosomal and exosome-free fractions of serum from patients with squamous cell 

carcinoma, showing a higher level of miR-205 in tumour-specific exosomes.  These findings 

indicated that miR-205 could be used as a marker of squamous cell carcinoma of lung both in 

plasma and tumour-specific exosomes (67).   

Contrary to other studies, a potential tumour suppressive role of miR-205 to inhibit lung 

cancer cell migration was reported by Song et al. in 2009 (68). They indicated that low-

density lipoprotein receptor-related protein 1 (LRP1), which is a crucial factor in cancer cell 
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migration (69), could be suppressed by miR-205, causing a reduction in ability of tumour cells 

to migrate (68). Larzabal and co-workers have also reported significant down-regulation of 

miR-205 in non-small cell lung carcinoma compared with non-cancerous lung epithelial cells, 

describing it as a tumour suppressor miRNA (70). For clarification of this contradictory 

finding, they investigated a novel molecular signalling pathway in which miR-205 has an 

ability to regulate cancer cell migration and metastases by making connection between 

TMPRSS4 (transmembrane protease, serine 4) and integrin D5. TMPRSS4 has been known as 

a membrane-anchored proteases implicated in cell invasion and motility. Upon knockdown of 

TMPRSS4, they found miR-205 was up-regulated, resulting in increased E-cadherin 

expression, reduction of fibronectin and inhibition of epithelial-mesenchymal transition 

(EMT). They further found that integrin D5 which is involved in cell motility and invasion 

and also is a direct target for miR-205, was down-regulated due to up-regulation of miR-205. 

Eventually, they found a hindrance in cell migration and reduction in cell proliferation. Thus, 

their result proposed a new insight into the molecular connection of these two membrane-

anchored proteins and miR-205 and a possibility of an effective therapeutic method for 

targeting this axis in patients with non-small cell lung carcinoma (70). 

Tellez et al. used immortalized human bronchial epithelial cells to expose to tobacco 

carcinogens for 12 weeks until markers of stemness, enriched with CD44High/CD24 Low, as 

detected by flow cytometry were highly presented (71). The morphological appearance of 

epithelial-mesenchymal transition (EMT) appeared after a sustained silencing of tumour 

suppressive miRNAs including miR-200b and 200c and miR-205. This study demonstrated 

that, miRNAs and transcriptional regulators are essential in the formation of mesenchymal 

characteristics in cancer cells, and this association is not always harmonized towards the EMT 

(71).  
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 miR-205 and melanoma  

Mounting evidence has indicated that miR-205 plays a crucial role in progression and 

development of melanoma (72-76). miR-205 was significantly suppressed in metastatic 

melanoma specimens in comparison to primary tumours or nevi (72). Dar et al. further 

reported E2F1 and E2F5, two oncogenic cell cycle regulators, as putative target genes of miR-

205, whose expression level had an inverse correlation with that of miR-205 in melanoma cell 

lines. Expression of miR-205 in melanoma cell lines and in xenografts decreased protein 

levels of E2F1 and E2F5, leading to induction of apoptosis via reducing AKT-

phosphorylation regulated by E2F over-expression. This apoptosis mediated by over-

expressed miR-205 could occur through either suppression of caspase-9 and BAD (bcl-2 

associated death promoter) phosphorylation or caspase-3 and PARP (Poly [ADP-ribose] 

polymerase) cleavage and cytochrome c release. Moreover, an implication of miR-205 in 

human melanoma cell senescence mediated by up-regulation of p16INK4a and repression of 

Retinoblastoma (Rb) phosphorylation was revealed for the first time in this study (72).   

Looking for molecular mechanisms in control of apoptosis-induced dysregulated E2F1 in 

melanoma, Alla et al. stated that miR-205 was a potent target of p73, whose expression is 

abrogated after being exposed to genotoxic stress by endogenous DNp73 (73).  They 

indicated that there were two molecular strategies that could be used in order to rescue 

metastatic cells from drug resistance, thus promoting apoptosis and reducing tumour cell 

proliferation in vivo (73). These strategies were knockdown of DNp73, or over-expression of 

miR-205 in cells with no p73 expression. Up-regulation of miR-205 can enhance its inhibitory 

function on the expression of Bcl-2 and ATP-binding cassette transporters A2 (ABCA2) and 

(ABCA5), leading to reduced drug resistance of melanoma cells and malignant progression. 
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These results introduced the E2F1-p73/DNp73-miR-205 axis as a significant mechanism of 

drug resistance as well as a potential preventive target for metastases (73).  

Noguchi et al. employed a synthetic miR-205, miR-205BP/S3, was generated by benzene-

pyridine modification to find its effects on melanoma cancer both in vitro and in vivo (74).  

They reported that miR-205BP/S3 was able to act as a tumour suppressor similar to miR-205 

by directly targeting E2F1, BCL2 and VEGF genes, leading to inhibition of tumour cell 

proliferation and promoting cell death (74). They also showed that miR-205BP/S3 was a more 

effective tumour suppressor in vivo compared to pre-miR-205 due it high resistance to RNase. 

This indicates that chemically modified synthetic miR-205 could be used as a helpful 

therapeutic agent for melanoma (74).  

Using a luciferase activity assay, Noguchi et al. found ErbB-3, a member of the EGRF family 

of receptor tyrosine kinases and an activator of cell proliferation signalling could be targeted 

by miR-205 in melanoma. In vitro experiments illustrated that induced expression of miR-205 

in human malignant melanoma and canine malignant melanoma cells could result in 

inhibition of cell proliferation (75). These results confirmed the potential role of miR-205 as a 

tumour suppressor in both human melanoma and canine melanoma cells (75).   

Performing miRNA microarrays and qRT-PCR, Liu et al. indicated that miR-205 as a tumour 

suppressor had the largest differential down-expression in various melanoma samples with 

different stages, being remarkably decreased in disease progression (76). Ten-fold lower miR-

205 expression in primary melanomas compared to benign nevi was reported,  

which then dropped an additional 100-fold from primary melanomas to metastatic 

melanomas. Ectopic expression of miR-205 could also impede the migratory and invasive 

properties of melanoma cell lines both in vitro and in vivo through targeting and Zeb-2 and 

consequently increasing E-cadherin. This was the first study providing experimental evidence 
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about the crucial regulatory role of miR-205 in enhancing EMT in melanoma progression 

(76).   

Hanna and co-workers confirmed the tumour suppressive role of miR-205 in tissue 

microarray, whose expression was reduced in metastatic and primary melanomas when 

compared to nevi (77). In vivo experiments showed that re-introduction of miR-205 could 

inhibit tumour growth, promote senescence and decrease cell proliferation through E2F1 

down-regulation which was in concordance with the findings of Dar et al. (77).    

In 2013, Kozubek et al. used next-generation sequencing to analyse the miRNA transcriptome 

both in tissue sample and cell lines of melanoma. They verified reduction of miR-205 

expression in 19 melanoma tissue samples and in 9 different melanoma cell lines versus non-

cancer controls. This result also reinforced a potential diagnostic role for miR-205 in order to 

categorize melanoma from nevus (78).    

In another study, Dahmke and colleagues reported for the first time the effect of curcumin, an 

anti-inflammatory and anti-carcinogenic compound, through its effects on miRNA profile in 

murine melanoma, indicating that mmu-miR-205-5p was greatly up-regulated in response to 

curcumin exposure (79). It has been shown that mmu-miR-205-5p was a potential therapeutic 

target and biomarker to detect the aggressiveness and metastatic behaviour of melanomas 

(79).   

miR-205 and bladder cancer 

In 2007, Gottardo et al. found for the first time that miR-205 expression was significantly up-

regulated in bladder carcinoma tissues compared to adjacent normal mucosa (80). A study 

carried out by Wiklund et al. also showed that although miR-205 expression was up-regulated 

in the bladder carcinomas, it was found to be reduced in invasive compared to non-invasive 

carcinomas (81). This indicated that regardless of the oncogenic role of miR-205 in a given 
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tissue, it could impede tumour invasion and metastases. Furthermore, promoter 

hypermethylation of miR-205 has been detected in muscle invasive bladder carcinomas and 

high grade bladder carcinoma cell lines, implying that aberrant epigenetic silencing of miR-

205 and consequently the loss of expression could be a promising prognostic factor in bladder 

carcinoma. They also found that the mesoderm specific transcription factor TWIST1 could be 

a transcriptional inhibitor of miR-205, resulting in promotion of EMT (81).   

Similar to previous finding in prostate cancer, miR-205 and its interaction with 'Np63 for its 

role in EMT in bladder cancer has also been investigated (82). A p63 isoform, 'Np63D, itself 

a member of the p53 family, has been shown to modulate the expression of miR-205 and 

eventually assist in the promotion of EMT (82). 'Np63D controls the expression of miR-205 

via activation of the starting codon of miR-205, recruitment of RNA Pol II and coordination 

of the transcription of the miR-205. In addition, elevated miR-205 expression in parallel with 

expression of the known activators of EMT, Zeb-1/2 was mutually associated with the poor 

clinical outcomes in patients with bladder carcinoma (82).  

Unlike previous studies which indicated that miR-205 was down-regulated in invasive bladder 

cancer due to aberrant DNA methylation, Dip et al. showed a higher level of miR-205 

expression in 30 samples with high grade, invasive bladder carcinoma which was not 

explainable by its inhibitory role in EMT (83). Like other studies, they noticed under-

expression of miR-205 in bladder carcinomas of lower grade and of non-invasive types (83). 

Therefore, authors finally suggested it needs to have further research to explain these 

discrepancies about miR-205 expression.   

More recently, it has been found that miR-205 was able to distinguish high-grade papillary 

urothelial carcinoma from low- grade papillary urothelial carcinoma in 120 bladder 

carcinomas of the urinary bladder (84). This study reported a lower expression of miR-205 in 
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high grade papillary urothelial carcinomas compared to low grade papillary urothelial 

carcinoma of bladder. Low expression of miR-205 along with cancer progression was 

associated with high expression of Zeb-1. The result confirmed the importance of miR-205 in 

controlling the expression of Zeb-1 and impeded EMT processes and cancer invasiveness 

(84). Although these studies verified a pivotal role for miR-205 in bladder cancer, more in-

depth investigations are required to clarify the effect of different expression patterns and 

mechanisms in how this miRNA regulates the progression of bladder cancer.      

 miR-205 and head/neck cancers  

In 2007, Tran et al. noticed an up-regulation of miR-205 in head and neck carcinomas using 

an array platform on 9 cancer cell lines from tongue, hypopharyngeal and tonsil carcinoma 

(85). Authors summarized that the exclusive overexpression of miR-205 could be a unique 

event in head and neck carcinomas (85). Then, Fletcher and co-workers observed no 

significant variation in miR-205 expression in different stages of head and neck carcinomas 

(86). They used 7 different cell lines from primary squamous cell carcinoma and tissues from 

12 head and neck squamous cell carcinoma and 8 lymph nodes with metastatic head and neck 

squamous cell carcinoma. In this study, miR-205 expression could not be used as a biomarker 

to discriminate head and neck squamous cell carcinoma from normal squamous epithelium. 

However, the authors found that high expression of miR-205 may be capable of detecting 

those carcinomas with lymph node metastases (86). 

Contrary to former results, low expression of miR-205 in head and neck squamous cell 

carcinoma was observed by Childs et al, reflecting the tumour suppressive function of this 

miRNA. Childs et al. also indicated that in 104 primary tumour samples, miR-205 was a 

prognostic biomarker which was independent of treatment, stage of cancer and anatomical 

region [103]. Dihydrofolate reductase (DHFR), an oncogene involved in p14ARF pathway, was 
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also identified as a potential target of miR-205 in this study, having a reverse correlation with 

expression level of miR-205 in head and neck squamous cell carcinomas (87).  

In agreement with previous findings regarding miR-205 effects on EMT, Zidar et al. showed 

the down-regulation of miR-205 in spindle cell carcinoma (88). miR-205 down-regulation has 

also been found to be associated with up-regulation of Zeb-2 and E-cadherin down-regulation, 

which have a crucial function in spindle cell carcinomas of the head and neck pathogenesis 

(88).   

Correlation between miR-205 expression and radiosensitivity of human nasopharyngeal 

carcinoma was noted (89). It has been shown that radio-resistant nasopharyngeal carcinoma 

cell lines had increased expression levels of miR-205, which were able to repress the tumour 

suppressor gene, PTEN. This suppression was associated with activation of the PI3K/Akt 

pathway and, in turn, apoptosis reduction. Hence, these results suggested a significant 

prognostic capability of miR-205/PTEN pathway, which could be considered for a new 

treatment approach for patients with nasopharyngeal carcinoma (89).   In 2013, Wang et al. 

introduced SZ-685C, which is an anti-cancer chemical isolated from fungus, as an inhibitor of 

tumour cell proliferation through inactivation of Akt and reduction of miR-205 and eventually 

elevation of PTEN expression level in nasopharyngeal carcinoma cells (90). They indicated 

that SZ-685C played an integral role to induce apoptosis, suggesting it can be used as a 

valuable anti-cancer drug for patients with nasopharyngeal carcinoma (90).  

Kim et al. also revealed the tumour suppressive role of miR-205 in human oral cancer cells in 

which miR-205 expression was significantly decreased in comparison to normal oral 

keratinocytes (91). In addition, the pro-apoptotic function of over-expressed miR-205 in oral 

cancer cells has been detected through caspase-3 and -7 activation and directly up-regulating 

of IL-24, which is an important tumour suppressor and apoptosis stimulator (91). In other 
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work carried out by this group, axis inhibitor protein (Axin2) was detected as novel target of 

miR-205, which was significantly up-regulated in oral cancer cells relative to normal 

keratinocytes due to miR-205 reduction, leading to inhibited apoptosis (92). They noted that 

Axin2 acts as an oncogene in this type of cancer and has an integral regulatory role in Wnt/E-

catenin signalling pathway which is a well-known pathway regulating various cellular 

processes such as cell proliferation and apoptosis (92). Therefore, miR-205 should be 

considered as a potential target for oral cancer treatment (91, 92).  

Although higher expression of miR-205 in laryngeal squamous cell carcinoma has previously 

been detected, reduced levels of the miRNA have also been identified in such tissues (93). 

Tian and colleagues showed that miR-205 acted as a tumour suppressor in laryngeal 

squamous cell carcinoma tissues through promoting cell apoptosis (94).  Advanced  

pathological or T stages, but not lymph node metastases, have been shown to have lower 

expression of miR-205, implying its tumour suppressive function occurs in the early stages of 

laryngeal squamous cell carcinomas. Bcl-2 was found as a major target of miR-205 in 

laryngeal squamous cell carcinoma, which is down-regulated upon ectopic expression of this 

miRNA, resulting in suppression of cell proliferation (94). Furthermore, the cell-proliferation-

inhibitory role of miR-205 has been shown in vitro and in xenograft via significant repression 

of two important proliferative markers; dihydrofolate reductase and proliferating cell nuclear 

antigen (PCNA) (95, 96). Based on these findings, miR-205 could be a therapeutic target with 

a potential capability to regulate cell cycle and cell proliferation in this cancer (94).  

miR-205 and oesophageal cancers  

The two most common oesophageal cancers are squamous cell carcinomas and 

adenocarcinoma. Many of the studies on miR-205 were on the oesophageal adenocarcinoma.  
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Feber et al. in 2008 analysed expression of microRNA in 35 oesophageal tissues samples 

including adenocarcinoma, squamous cell carcinoma, normal oesophageal epithelium, 

Barrett’s oesophagus and Barrett’s oesophagus with high grade glandular dysplasia. They 

found that miR-205 was down-regulated in adenocarcinoma and squamous cell carcinoma in 

comparison to normal samples (97). However, in another study done by Kimura et al. miR-

205 has been found to be notably over-expressed in normal and cancerous squamous epithelia 

of the oral cavity including oesophageal squamous cell carcinoma, suggesting the ability of 

this microRNA to distinguish squamous cell carcinoma from other carcinomas and it may 

also be a promising marker for normal samples (98). Based on the real time RT-PCR assay, 

Dijckmeester at al. showed the expression of miR-205 was significantly decreased in Barrett’s 

oesophagus compared to normal squamous epithelium (99).   

Profiling the expression of 470 human miRNAs in tissue samples ranging from low grade, 

high grade dysplasia of Barrett’s oesophagus to oesophageal adenocarcinoma and normal 

samples, Yang et al. demonstrated that while miR-205 expression was not having any 

noticeable expression difference in low grade dysplasia, miR-205 expression was significantly 

lower in high grade dysplasia of Barrett’s oesophagus and oesophageal adenocarcinoma in 

comparison to normal tissues (100). Also, Wijnhoven and colleagues noted that 377 human 

miRNAs were interrogated in tissue samples of 16 individuals diagnosed with Barrett’s 

oesophagus, oesophageal adenocarcinoma  and also their normal samples, among which miR-

205 expression was found to be significantly reduced in Barrett’ s oesophagus and 

oesophageal adenocarcinoma when compared to normal tissues (101). In addition, there was 

another study in 2013 that confirmed this finding in 105 tissue samples of oesophageal cancer 

(102). 
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In 2010 and 2011, Matsushima and colleagues reported that miR-205 was over-expressed in 

well or moderately differentiated human oesophageal squamous cell carcinoma when 

compared to non-cancerous tissue. Similar to studies in other cancers, miR-205 was also 

identified as a regulatory factor to impede cell migration and EMT by suppressing of Zeb-2 

which is a repressor of E-cadherin (103, 104). 

A miRNA array study done by Fassen et al. analysed the expression of miRNAs in tissue 

samples from Barrett’s mucosa including low grade and high grade, oesophageal 

adenocarcinoma as well as normal squamous epithelium (105). 13 miRNAs were detected as 

the “progression signature”, indicating Barrett’s mucosa progression to malignancy. Of these, 

miR-205 was identified to be down-regulated in the pathogenesis (105).  

Saad and colleagues compared the expression of the 21 most deregulated miRNAs in normal 

squamous mucosa, Barrett’s mucosa, high grade glandular dysplasia, oesophageal 

adenocarcinoma, gastric adenocarcinoma and normal gastric tissue samples (106). Lower 

expression of miR-205 was found in oesophageal adenocarcinoma compared to Barrett’s 

mucosa but not in gastric adenocarcinoma (106). 

Two studies for miR-205 were based on oesophageal squamous cell carcinoma.  Fifty-five 

tissues samples from patients diagnosed with oesophageal squamous cell carcinoma were 

used by Akagi et al. in order to analyse the expression level of miR-205 using real-time PCR 

(107). It was shown that over-expressed miR-205 was linked to lymph node metastasis in 

patients with oesophageal squamous cell carcinoma, implying that miR-205 expression could 

indicate the progression of oesophageal squamous cell carcinoma (107).  In the other study, 

Zhao et al. noted that miR-205 was among those miRNAs which was over-expressed in 

oesophageal squamous cell carcinoma samples from patients with better prognosis (108).  
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 miR-205 and female genital tract cancers  

Ovarian Cancer    

Epithelial ovarian cancer is the most common types of ovarian cancer in adult. Many 

histological types of carcinomas are noted. In a study of 15 normal and 69 snap-frozen 

malignant ovarian carcinomas of different histological types, Iorio and colleagues determined 

that DNA hypo-methylation is associated with miR-205 up-regulation in ovarian carcinomas 

compared with normal ovarian tissues (109). In another study, endometrioid type of ovarian 

carcinomas showed overexpression of miR-205 (110).   

Chen et al. investigated the role of miR-205 in the EMT process of ovarian cancer cell lines, 

indicating that the expression of this miRNA was lower in moderately-differentiated papillary 

cystadenocarcinoma with mesenchymal properties compared to poorly- differentiated 

papillary epithelial ovarian cancer cell characterized with epithelial features.  This result 

confirmed the usefulness of miR-205 as a biomarker of EMT (111).  

CD133+ spheroid-forming are reported to be one of the main features of ovarian stem cell.  

miR-205 was determined to be significantly elevated in a CD133+ spheroid-forming 

subpopulation of ovarian cancer cells relative to the adherent culture condition, implying that 

miR-205 dysregulation could be a key player in the stem cell-like properties of ovarian cancer 

stem cells (112). Also, Zheng et al. found that miR-205 had higher expression in plasma of 

cancer patients compared to unaffected patients (113). According to this finding, miR-205 

could potentially act as a biomarker for early detection of ovarian cancer (113).     

Endometrial cancer    

While examining the role of miRNAs in carcinogenesis in endometrioid carcinoma, Wu et al. 

noted that miR-205 expression was significantly elevated in cancerous tissue samples 

compared to normal counterparts (114). Also, in a study by Chung et al., the expression of 



 

Haleh Vosgha       School of Medicine     113 

 

miR-205 was found to be highly over-expressed in endometrioid carcinoma in comparison to 

normal samples (115). Moreover, it has been reported that the aberrant expression of miR-205 

was linked to advanced staged endometrial carcinoma. They further identified JPH-4 

(junctophilin 4) as a novel target of miR-205 and tumour suppressor in endometrioid 

carcinoma, whose ectopic expression was detected after miR-205 inhibition in endometrial 

cancer cell line (115).   

In agreement with former findings, Hiroki et al. noted that miR-205 was up-regulated in 

endometrial serous carcinoma when compared to non-tumourous tissue samples (116).  They 

reported that this miRNA presented the highest level of over-expression amongst a total 66 

miRNAs up-regulated (116). In addition, Lee and colleague noted that miR-205 was highly 

elevated expressed in endometrial cancer relative to normal samples (117).   

Karaayvaz and co-workers identified significant over-expression of miR-205 in endometrial 

cancer, which was associated with poorer patient survival rate, suggesting the promising 

potential of this miRNA as a prognostic marker of endometrial cancer (118).  Furthermore, 

PTEN expression was reduced in endometrial carcinoma. This gene was shown to be a target 

of miR-205 in this cancer, as has been shown in other cancer types. 

Oestrogen-related receptor J (ESRRG) has also been determined to be another direct target of 

miR-205 in in endometrioid carcinoma (119). Over-expression of miR-205 could increase 

endometrial cell proliferation, migration and invasion through targeting ESRRGJ which is a 

tumour suppressor. Therefore, a more extensive investigation of molecular mechanisms of 

oncogenesis by miR-205 and ESRRGJ may be useful for management of endometrioid 

carcinoma (119).  
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Cervical cancer  

Xie and colleagues demonstrated that miR-205 was over-expressed in cervical cancer tissues 

when compared with normal samples (120). The oncogenic role of miR-205 was confirmed by 

detection of increasing cell proliferation and migration of cervical cancer cells with increased 

miR-205 expression. In addition, two members of the CCN (Cyr61, CTGF and Nov) family of 

growth regulators—cysteine-rich 61 (CYR61) and connective tissue growth factor (CTGF) 

are implicated in cell proliferation, metastasis and angiogenesis pathways.  These 2 members 

have been shown to be down-regulated in cervical cancer and were identified as targets for 

miR-205. Therefore, miR-205 along with its targets could be directly associated with cervical 

cancer pathogenesis (120). 

miR-205 can also be regulated by the E7 onco-protein of human papilloma virus type-16 

(HPV-16) in human foreskin keratinocytes, which potentially affects proliferation and 

differentiation of human foreskin keratinocytes (121). It is speculated that E7 is able to 

release E2F through inactivation of Rb, leading to promoting the expression of miR-184 as an 

antagomiR of miR-205. Elevated miR-184 can suppress miR-205 expression and eventually 

impair human foreskin keratinocytes proliferation and differentiation (121). This control of 

miR-205 by the E7 oncoprotein may have implications for cervical cancer as well. 

miR-205 and Leukaemia  

Two studies performed by Dou and colleagues have demonstrated that miR-205 plays a vital 

role in an acute lymphoblastic leukaemia (122, 123).  They indicated that MLL-AF4, an 

integral oncogene in tumourigenicity of acute lymphoblastic leukaemia, was found to be 

directly targeted by miR-205. This data was confirmed when the luciferase activity of a 

reporter plasmid containing the 3’-UTR sequence complementary to MLL-AF4 notably 

decreased upon over-expression of miR-205. In the following study, they reported that up-
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regulated miR-205 was involved in reduced MLL-AF4 expression at both mRNA and protein 

levels, resulting in cell proliferation repression and apoptosis induction. In addition, miR-205 

was found to be implicated in down-regulating two genes downstream of MLL-AF4, HOXA7 

and HOXA9, suggesting the further regulatory function of this miRNA in acute lymphoblastic 

leukaemia (122, 123).  

 miR-205 and Brain Cancer 

Yue and colleagues showed for the first time the tumour suppressive role of miR-205 in 

human glioblastoma. Significant miR-205 down-expression was detected in both glioma cell 

lines and tissue samples (124). They further found that induced expression of miR-205 

inhibited cell growth, cell invasiveness and promoted cell apoptosis via down-regulating 

VEGF-A, implying the important roles of this miRNA in glioma and its potentially 

therapeutic ability. Consistent with the finding of this study, Hou and colleagues reported the 

considerable down-regulation of miR-205 in human glioma tissue samples relative to normal 

counterparts (125). With regard to prognostic value of miR-205, the low miR-205 expression 

in gliomas was associated with poor prognosis observed in patients. Collectively, these results 

showed the direct association of low expression of miR-205 with glioma progression (124, 

125).  miR-205 has also been reported as a tumour suppressor in glioblastoma cell lines.  

Expression of miR-215 could down-regulate the expression of low-density lipoprotein 

receptor-related protein 1 (LRP-1) which is a crucial factor in human diseases pathogenesis, 

resulting in inhibition of tumour cell migration (68).    
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miR-205 and Renal Cancer 

In vitro experiments done by Majid et al. demonstrated that miR-205 is significantly reduced 

in renal cancer cell lines as well as tumour tissues in comparison to normal samples (126). 

Src, Lyn and Yes, three members of Src family of protein kinases (SEK), were detected as 

direct targets of miR-205 in renal cancer. They found that ectopic expression of miR-205 

could suppress the expression of these genes, leading to inhibited cancer cell proliferation and 

inducing apoptosis through inactivation of ERK1/2 and decreasing the expression of c-Myc 

and cyclin-D1. Src suppression via miR-205 over-expression could also repress the activity of 

focal adhesion kinase (FAK) and signal transducer and activator of transcription 3 (STAT3) 

which significantly diminished cell migration and invasion. Also, an in vivo experiment was 

done to confirm the cancer-cell-growth inhibitory role of miR-205 in renal cancer (126).  

miR-205 and gastrointestinal tract cancers 

Colon Cancer 

Wang and colleagues revealed the down-regulation of miR-205 in nasopharyngeal 

carcinoma-associated gene 6 (NGX6)-positive colon cancer cells when compared to negative 

ones (127). NGX6 is a tumour suppressor in colon cancer, which has a regulatory role in 

apoptosis, cell migration and in activation of JNK (c-Jun N-terminal kinases) and Notch 

pathways via mediatory function of miRNAs.  NGX6 was able to suppress the expression of 

miR-205 in colon cancer cell lines. Furthermore, HEY2 (Hairy/enhancer-of-split related with 

YRPW motif protein 2) and NOTCH2, which 2 are important factors in Notch pathways.  They 

are implicated in cell differentiation and tumour formation and noted to targets of miR-205 in 

colon cancer cells (127).                  
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Liver cancers 

The two main types of liver cancers are hepatocellular carcinoma and cholangiocarcinoma.  

There are a few studies regarding the modulatory role of miR-205 in hepatocellular carcinoma 

(128-130).  In 2013, Zhang et al. showed the interaction between miR-205 and hepatitis B 

virus X protein (HBx) in development of hepatocellular carcinoma (128). The decreased 

expression of miR-205 was detected in hepatocellular carcinoma tissues compared with 

normal samples. Moreover, HBx has been found as a direct target of miR-20. Induced 

expression was able to down-regulate the expression of HBx and to impede hepatoma cell 

proliferation both in vitro and in vivo. They also indicated that the tumour suppressive 

function of miR-205 could be affected by HBx-induced hyper-methylation of the miR-205 

promoter. Therefore, miR-205 might be considered as a potential therapeutic target of 

hepatocellular carcinoma (128). In another study from the same group to assess the 

mechanism of abnormal lipid metabolism in hepatocellular carcinoma, Cui et al. found acyl-

CoA synthesis long-chain family member 1 and 4 (ACSL1), as key factors in this process, 

could be targeted by miR-205 (129, 130). Down-regulated miR-205 in hepatocellular 

carcinoma was able to increase the expression of ACSL1 and 4, resulting in increasing the 

triglyceride and cholesterol levels in hepatoma cells which are involved in liver cancer 

progression (129, 130).   

Okamoto et al. demonstrated that expression of miR-205 in cholangiocarcinoma cells could 

be applicable to enhance gemcitabine (Gem) sensitivity to these cells, implying that different 

expression levels of miR-205 would be a beneficial diagnostic marker for gemcitabine therapy 

(131).   
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 Pancreatic Cancer   

Pancreatic cancer has been found to have down-regulation of miR-205 (132). Singh and co-

workers showed that this reduced expression of miR-205 could increase chemoresistance to 

gemcitabine in highly aggressive pancreatic adenocarcinoma cell lines.   This was done 

through targeting TUBB3 (tubulin, beta 3 class III) which is a regulator of chemotherapy 

resistance in several cancers [148]. Furthermore, they demonstrated that cancer stem cells 

were able to make cells more resistant to chemotherapy due to alcohol dehydrogenase 

activity.  Ectopic expression of miR-205 and down-regulated TUBB3 have been shown to 

diminish the expression of OCT3/4 and CD44 (stem cell markers), repress the cancer stem 

cells activity and subsequently restore gemcitabine sensitivity. Hence, miR-205 could be an 

option for pancreatic cancer therapy (132).  

miR-205 and dermatofibrosarcoma protuberans   

Dermatofibrosarcoma protuberans is a rare neoplasm of the dermis layer of the skin and is 

classified as a sarcoma. The tumour suppressive role of miR-205 in dermatofibrosarcoma 

protuberans was identified by Kajihara et al. They noted that miR-205 was down-regulated in 

dermatofibrosarcoma protuberans in comparison to normal skin and dermatofibroma (133). 

Low-density lipoprotein receptor-related protein-1 (LRP-1) has also been recognized as a 

target of miR-205 in this tumour. Inhibition of miR-205 expression increased the expression of 

LRP-1 and activated cell proliferation through promoting ERK (extracellular signal-regulated 

kinase) phosphorylation. Thus, activation of ERK and abnormal cell growth is a major role of 

miR-205 and LRP-1 correlation in dermatofibrosarcoma protuberans (133).  

http://en.wikipedia.org/wiki/Neoplasm
http://en.wikipedia.org/wiki/Dermis
http://en.wikipedia.org/wiki/Sarcoma
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Conclusion 

Accumulating evidence has demonstrated that dual-functional miR-205 may contribute both 

in normal physiological processes, including wound healing and in development of 

pathological events such as cancers.  The tissue-type origin of the cancer and target genes 

therein is thus far the only logical determinant for the dual roles of miR-205.  As a tumour 

suppressor or oncogene, miR-205 could effectively impair or promote cancer progression 

through a wide variety of cellular and molecular signalling pathways; cell proliferation, 

programmed cell death, EMT and angiogenesis to name a few (Figure 1).  Down-regulation of 

miR-205 has been reported in a number of cancers, including cancer of breast, prostate, 

bladder and oesophagus.  On the other hand, miR-205 has also been detected as up-regulated 

in ovarian, endometrial carcinoma, head and neck squamous carcinoma, bladder carcinoma 

and oesophageal squamous carcinoma. The variation of miR-205 expression may act as a 

diagnostic and/or prognostic biomarker tool in human cancers, with different relationships in 

various cancers and their subtypes. More importantly, appreciation of molecular function of 

miR-205 in initiation and progression of cancer via targeting numerous tumour suppressor 

genes and oncogenes could help us to address a cancer therapeutic issue and to open new 

avenues for gene therapy in those cancers where its oncosuppressive functions are dominant.   
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Figure 2 (Figure 1 of paper 1):  Role of miR-205 in cancers. miR-205 acts as both a tumour suppressive and oncogenic miRNA 

playing crucial roles in cancer regulating different cellular pathways.  It displays potential as a therapeutic target for different 

cancers.    
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As discussed above, miR-205 has been implicated in regulation of various human cancers. 

However, to date, there have not been sufficient in-depth mechanistic studies about the 

regulatory role of miR-205 in thyroid carcinoma progression and specifically in angiogenesis 

and metastasis of thyroid carcinoma. Therefore, based on the previous findings about the 

effective involvement of miR-205 in human cancer development, the present study designed 

to utilise this miRNA as a key factor to hinder angiogenesis and EMT in thyroid carcinoma. 

Taking advantages of different in-vitro and in-vivo methodologies explained in next chapters, 

this research might be helpful to shed light on more understanding about miR-205 as a 

promising hope for new cancer therapies.      
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Chapter 3 Methodology 
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3.1  Cell culture  

In order to find the role of miR-205 in thyroid cancer, different thyroid cancer cell lines and 

normal thyroid cell line were used in this project.  

Human papillary thyroid carcinoma (K1) and human normal thyroid follicular cell line (Nthy-

ori 3-1) were obtained from Sigma-Aldrich (Sigma-Aldrich, St. Louis, MO, USA).  

Metastasizing human papillary thyroid carcinoma (B-CPAP), human undifferentiated thyroid 

carcinoma from a lymph node with primary papillary thyroid carcinoma (8505C), human 

undifferentiated thyroid carcinoma (MB-1) and human undifferentiated thyroid carcinoma 

metastases in lymph node (BHT-101) were obtained from Deutsche Sammlung von 

Mikroorganismen und Zellkulturen, German Collection of Microorganisms and Cell Cultures 

(DSMZ, Braunschweig, Germany).  All cell lines were maintained in 5% CO2/95% air at 

37oC.  

Cell culture medium for B-CPAP, 8505C and Nthy-ori-3-1 contained 90% RPMI and 10% 

heat inactivated FBS. For freezing media 70% RPMI, 20% heat inactivated FBS and 10% 

DMSO were used.  

K-1 thyroid cancer cell line was maintained in 45% DMEM, 22.5% Ham’s F12, 22.5% 

MCDB and 10% heat inactivated FBS. For its storage 35% DMEM, 17.5% Ham’s F12, 

17.5% MCDB, 20% heat inactivated FBS and 10% DMSO was utilized.  

For the undifferentiated cell lines, MB-1 was cultured in 80% RPMI and 20% heat 

inactivated FBS and BHT-101 in 80% DMEM, 0.5% Human Serum, 5µg/ml Human Insulin 

and 20% heat inactivated FBS culture media. MB-1 freezing/storage media was similar to B-

CPAP, 8505C and Nthy-ori-3-1 cell lines conditions. For freezing BHT-101, 70% DMEM, 

0.5% Human Serum, 20% heat inactivated FBS and 10% DMSO were used. ECACC and 
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DSMZ ensure the authenticity of these cell lines using multiplex PCR of minisatellite 

markers for DNA fingerprinting and identification of short tandem repeat of cell lines and 

cytogenetics. Cells were cultured according to suppliers’ recommendation and for the 

preservation of their authenticity, cells that were passaged more than 5 times were discarded. 

Growth curve and morphology of these cells were also monitored by experienced scientist 

and pathologist of the team. These cells were passaged within 3-5 days and were routinely 

tested to confirm the absence of Mycoplasma.  All transfection experiments were conducted 

with 60–80% confluent cultures.  

3.2  Total RNA Extraction from Cell lines 

To investigate the expression of angiogenic genes and miR-205 in all selected thyroid cell 

lines before any treatment, total RNA and miRNA were purified with NucleoSpin 

RNA/Protein extraction kit (Macherey-Nagel, Germany) based on the following protocol: 

1. All types of thyroid cancer cells and normal thyroid cell were cultured in 75 cm flasks 

2. After getting enough confluency, the cell culture media was removed 

3. 350µl RP1 lysis buffer and 3.5µl beta mercaptoethanol were added to the cells and 

vortexed vigorously. 

4. The mixture was applied to the NucleoSpin Filter which was placed in a collection 

tube and centrifuged for 1 min at 11,000 g 

5. The filter was discarded, 350µl 70% ethanol added to homogenised lysate and mixed 

completely by approximately 5 times pipetting ups and downs 

6. NucleoSpin RNA column was placed in a collection tube, lysate loaded and then 

centrifuged for 30 seconds at 11,000 g 
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7. As RNA and DNA were bounded to the membrane, the filter was placed into a new 

collection tube 

8. 350µl MDB (Membrane Desalting Buffer) was added to the filter and centrifuged for 

1 min at 11,000 g to dry the membrane 

9. 95µl rDNase reaction mixture was applied directly onto a centre of the membrane and 

incubated for 15 min at room temperature 

10. 200µl Buffer RA2 was added to the filter and centrifuged for 30 seconds at 11,000 g  

11.  The filter was placed into a new collection tube, applied 600µl Buffer RA3 to the 

column and centrifuged for 30 seconds at 11,000 g 

12. Flow through was discarded and column was placed back into the collection tube 

13.   250µl Buffer RA3 was again added to the column and centrifuged for 2 min at 

11,000 g to the dry the membrane completely  

14. The column was placed into a RNase-free collection tube, applied 60µl RNase-free 

H2O and centrifuged at 11,000 g for 1 min to elute RNA  

The integrity of extracted RNA was also checked by using Experion electrophoresis 

instrument (Bio-Rad) and Nanodrop electrophoresis (Thermo-Fisher) was also used to obtain 

RNA concentration (ng/µl) and purity by checking the optical density (OD) 260/280 ratios. 

 

3.3  cDNA preparation and qRT-PCR 

Sets of primers for detection of expression of miR-205 (Hs_miR-205_1 miScript Primer 

Assay) were purchased from Qiagen (Hilden, NRW, Germany) and RNU6B RNA 

(Hs_RNU6B_2 miScript Primer Assay, Qiagen) was chosen to be used as a ubiquitous 

control gene.   
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Real-time quantitative polymerase chain reaction was performed for using IQ5 Multicolour 

Real-Time PCR Detection system (Bio-Rad, Hercules, CA, USA). PCR was performed in a 

total volume of 20 μl reaction mixture containing 10µl QuantiTect SYBR Green PCR Master 

Mix (Qiagen), 1 μl of miScript Universal Primer (Qiagen), 1μL miScript Primer Assay as 

mentioned before (Qiagen), and 4μl of cDNA template at 1.5 ng/μl concentration and 4 µl of 

RNase-free water. Thermal cycling conditions included initial denaturation in 1 cycle of 15 

minutes at 95°C, followed by 40 cycles of 15 seconds at 94°C, 30 seconds at 55°C and 30 

seconds at 70°C. Melting curve analysis was also performed using eighty one cycles of 30 

seconds increasing from 55°C. The melting curves of all final real-time PCR products were 

analysed as for determination of genuine products and contamination by non-specific 

products and primer dimers.  The fold changes in the miRNA were calculated for each sample 

group using the 2-ΔΔCt method.  Fold changes <0.5 were considered as low expression, fold 

changes between 0.5 and 2 were considered as normal expression, and fold changes >2 were 

considered as high expression. 

Briefly, Primers were designed for analysis of expression of VEGF-A and GAPDH as the 

ubiquitous control gene. PCR primers for VEGF-A were forward 5'-tcttcaagccatcctgtgtg -3' 

and reverse 5’-tctgcatggtgatgttggac -3' and for GAPDH were forward 5'-tgcaccaccaactgcttagc 

-3' and reverse 5’-ggcatggactgtggtcatgag -3'.  

PCR was performed using iQ SYBR green supermix (Bio-Rad). Thermal cycling conditions 

included initial denaturation in one cycle of 3 minutes at 95°C, followed by 40 cycles of 10 

seconds at 95°C, 30 seconds at 60°C and 30 seconds at 72°C.  Melt curve analysis was also 

performed using eighty-one cycles of 30 seconds increasing from 55°C. To ensure that the 

correct product was amplified in the reaction, all samples were also separated by 2% agarose 

gel electrophoresis. 
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3.4  miR-205 mimic transfection 

miRNA-205 mimics and non-targeting control, AllStars Negative Control siRNA (Qiagen) 

were obtained from Qiagen (Hilden, NRW, Germany). Cells were transfected using 

HiPerFect reagent (Qiagen) and prepared according to the manufacturer's instructions and 

concentration of 5uM. 

1. 2 ×10 6 cells were cultured in 10 cm dish in an appropriate amount of medium 

containing serum and antibiotics 

2. Cells were incubated under normal conditions (37°C and 5% CO2) before transfection 

3. 1.5μL miR-205 mimic (in final concentration of 5nM) and 15μl HiPerFect 

Transfection Reagent per each dish were mixed and added to 1000μl culture medium 

without serum  

4. They incubated for approximately 5-10 minutes at room temperature  

5. They were drop-wisely added onto the cells  

6. Dishes were swirled gently to make sure transfection complexes distribute uniformly 

7. They incubated under normal conditions for 3 days  

 

3.5  Immunofluorescent staining protocol 

To analyse the level of protein expression of VEGF-A before and after miR-205 mimic 

transfection, the immunofluorescent technique was used. The following protocol was 

optimized for immunofluorescence assay: 

1. All cell lines were grown on poly-L-lysine coated chamber slides and were incubated 

at 37°C until to reach maximum ~50% confluency 

2. Cells were washed with PBS three times (3 minutes for each) 



 

Haleh Vosgha       School of Medicine     137 

 

3. Cells were fixed by 10 minute incubation in 2% formaldehyde in PBS (Room 

Temperature) 

4. Cells were washed in PBS three times (3 minutes for each) 

5. They were incubated in in 0.25% Triton X-100 for 30 minutes 

6. Cells were washed with PBS three times (3 minutes for each) 

7. Cells were incubated in 1% BSA in PBST for 30 minutes 

8. They were incubated in primary antibody (VEGF-A Mouse Monoclonal Antibody 

(clone VG1) for 2 hours 

9. Cells were washed with PBS three times (3 minutes for each) 

10. Cells incubation in secondary antibody Alexa Flour® 488 goat anti-mouse (Abcam, 

UK) for 1 hour in dark area 

11. Cells were washed with PBS five times (3 minutes for each) 

12. Then cells were stained and mounted on IHC slides in the dark with 4’, 6-diamidino-

2-phenylindole (DAPI) with mounting media.   

13. The mounted cells were viewed initially with a three colour fluorescent cell imaging 

station, EVOS® FLoid® Cell Imaging Station (Life Technologies) and images were 

documented with a two-colour fluorescent Nikon A1R+ confocal laser microscope 

(Nikon Instruments Inc., Melville, NY, U.S.A.). 

 

3.6  Protein Extraction from Cell lines 

Extraction of protein from cell lines was done by using NP40 cell lysis buffer protocol 

(Invitrogen) supplemented with fresh phenylmethylsulfonyl fluoride (PMSF) at 1mmol/l. It 

was a multi-step procedure which particularly designed for protein purification from cell 

lines. These steps were: 
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1. Cells were collected from culture flasks in PBS 

2. They washed with cold PBS two times 

3. Centrifuged the cells, removed the supernatant and collected the cell pellet 

4. Appropriate amount of NP40 cell lysis buffer, PMSF and Protease Inhibitor Cocktail 

was prepared 

5. The cell pellet was lysed in prepared cell lysis buffer for 30 minutes on ice. Every 10 

minutes the mixture was vortexed 

6. Centrifuged the cells at 13,000 rpm for 10 minutes at 4°C  

7. Clear lysate was aliquoted into clean microfuge tubes 

8. Concentration of protein was obtained by using Protein Quantification Assay Kit 

(MACHEREY-NAGEL, Duren, Germany) 

9. This extracted protein was stored at -80°C.  

 

3.7  Protein assay  

To determine the protein concentration extracted from the cells, the Protein Quantification 

Assay was used. The procedure generally contains several steps were performed using the 

procedure as below: 

1. Serial dilution preparation 

Bovine Serum Albumin (BSA) was used as a reference protein in this assay. According to 

this protocol, seven different concentrations of BSA from a 1mg/ml BSA stock solution were 

prepared based on the table below (Table 3): 
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A B C 

Tube Amount of PSB (Protein Solving Buffer) Amount of BSA 

1 - 60μL 

2 30μL 30μL from tube 1 

3 30μL 30μL from tube 2 

4 30μL 30μL from tube 3 

5 30μL 30μL from tube 4 

6 30μL 30μL from tube 5 

7 30μL - 
 

Table 3:BSA Serial dilution preparation for protein assay 

 

2. Load 20μL of each serial dilution number 1 to 7 into microplate wells. Fill up these wells 

with 40μL PSB and also 40μL Quantification Reagent (QR) to reach a total 100μL solution 

and yellow colour.  

3. For protein samples, we applied 2μL of proteins, 58μL PSB and also 40μL Quantification 

Reagent (QR). For optimal measurement, it is better to avoid bubble formation and foaming 

during pipetting.   

4. Microplate was incubated for 30 min at room temperature.  

5. Light extinction was measured photometrically at 570 nm by using PolarStar Omega 

microplate reader (BMG LABTECH Ortenberg, Germany) and protein concentration was 

calculated based on the BSA dilution series.    
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3.8  Western Blot Protocol  

Western blot method was used as another technique to compare the expression of VEGF-A, 

ZEB-1, E-cadherin and SNAI protein levels before and after miR-205 treatment. Either 

GAPDH or ß-actin was used as control protein of the experiment. Western blot technique 

contains different steps. The protocol, which is employed in this project and for the current 

experiment is as detailed below: 

 

 3.8.1  Sample preparation 

20μg of each protein sample was mixed with 4.5μl of Laemmli sample buffer 4X and 0.5μl of 

β-mercaptoethanol. diH2O was added to reach the final volume of 20μl. All prepared samples 

were heated at 95°C for 5 min.   

 

3.8.2  Running the gel 

Mini-PROTEIN TGX gels (BIO-RAD, California, USA) were put in a right location of 

chamber, and then Mini-PROTEIN Tetra System (BIO-RAD, California, USA) 

electrophoresis cell was assembled. The comb was removed from the gels. The inner and 

outer buffer chambers were filled with 1x TGS (Tris/Glycine/SDS) Running Buffer. An 

appropriate amount of each protein sample was loaded on the wells of gel. Electrophoresis 

cell was connected to the power supply and run conditions (Voltage: 100 V. Run 60 min) 

were performed.   
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3.8.3  Protein transferring  

After finishing gel electrophoresis for the fast and efficient protein transferring, the Trans-

Blot Turbo (BIO-RAD, California, USA) transfer pack was used. The components of the 

cassette were assembled from the bottom to the top in the order like this: 

The anode stack was placed on the cassette base. Blotting membrane, gel and cathode stack 

were the other parts from the middle to the top level.  

To get best results, the roller was used to remove any air stuck between the layers. Then, the 

lid was placed on the cassette and locked. Transferring started when the cassette inserted into 

the instrument and the Trans-Blot Turbo Transfer System (BIO-RAD, California, USA) was 

turned on. When transferring finished, “RUN COMPLETE” appeared on the screen. At this 

stage, the cassette was removed from the instrument and the membrane was used for next 

step. 

 

3.8.4  Antibodies reaction  

After transferring is completed, the membrane was washed 2 times for 5 minutes per each 

wash in PBST (Phosphate Buffer Saline +Tween 20). Then the membrane was incubated for 

1 hour at room temperature in blocking solution (5% Milk) with gentle agitation. Primary 

antibodies were diluted in blocking solution to manufacturer recommended concentration. 

The membrane was then incubated in VEGF-A primary antibody (sc-152, a rabbit polyclonal 

antibody, 1:100 concentration), ZEB-1 (sc-81428, a mouse monoclonal antibody, 1:200 

concentration), E-cadherin (sc-7870, a rabbit polyclonal antibody, 1:200 concentration) by 

Santa Cruz (Santa Cruz Biotechnology, Dallas, TX) and SNALI (21-35, a rabbit polyclonal 

antibody, 1:500 concentration) by Sigma-Aldrich overnight at 4°C. β-actin antibody was used 
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as a house keeping protein from Santa Cruz (sc-47778, a mouse monoclonal antibody, 1:200 

concentration). 

The membrane was rinsed 5 times in PBST, for 5 minutes per wash. Secondary antibodies 

were also diluted in blocking solution to manufacturer recommended concentration. Goat 

anti-rabbit (sc-2030, goat anti-rabbit IgG-HRP, Santa Cruz) and Goat anti-mouse (sc-2031, 

goat anti-mouse IgG-HRP, Santa Cruz) secondary antibodies were used at a concentration of 

1:5000 and 1:2000 respectively.  

Incubation was done at room temperature for 1 hour with the gentle shake. The membrane 

was washed in 5 times in PBST 5 minutes per wash. Final washed was performed in PBS to 

remove the Tween 20 from the membrane surface before blot development and imaging.  

 

 3.8.5  Detection and Imaging 

Chemiluminescence detection substrate (BIO-RAD, California, USA) was applied to the 

membrane according to the manufacture’s recommendation and incubated for 2 minutes at 

room temperature. The chemiluminescence signals were captured by using VersaDoc 

imaging system (BIO-RAD, California, USA).  

 

3.9  MTS proliferation assay 

The capacity for cellular proliferation was measured with a 3-(4,5-dimethylthiazol-2-yl)-5-3-

carboxymethoxyphenyl)- 2-(4-sulfophenyl)-2H-tetrazolium, inner salt; (MTS) assay 

(Promega). K1, B-CPAP, BHT-101, 8505C and MB-1 cells were plated at 2000 cells per well 

in 96-well plates with three replicates wells for each condition, transfected with miRNA-205 

mimic, and assayed in 24, 48 and 72 hours post-transfection. The absorbance was measured 
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with a PolarStar Omega microplate reader (BMG LABTECH Ortenberg, Germany) at a 

wavelength of 490 nm. Cell growth inhibition rates were calculated with this method: 

Inhibition of Proliferation [%] = [absorbance (untreated) - absorbance (treated)] / absorbance 

(untreated). 

 

3.10  Apoptosis assay  

48 hours after miR-205 mimic transfection; cells in studied and control groups were harvested 

by trypsinization and washed with PBS. Cells were centrifuged at 300 g for 4 minutes. The 

Muse™ Annexin V & Dead Cell Reagent (Merck Millipore, Billerica, Massachusetts, United 

States) was incubated to warm to room temperature before using.  

Then cells were resuspended and adjusted at a density of 1*106 in 125 μl of 10% FBS 

medium. 75 μL of the Muse™ Annexin V & Dead Cell Reagent was added to each tube.  

Cells were thoroughly mixed by pipetting up and down or vortexing at medium speed for 3 to 

5 seconds. Samples were stained for 20 minutes at room temperature in the dark. After 

incubation, cells were analysed by flow cytometry, Muse Cell analyser instrument to identify 

the early and late apoptotic cells as well as live and dead cells. Every experiment was 

performed in triplicate.  

 

3.11  Cell cycle assay  

Two days after transfection, cells were collected by trypsinization and centrifuged to 

precipitate them at 300 g for 3 minutes. The supernatant was discarded, and cells were 

resuspended in 1 ml of 70% pre-chilled ethanol and incubated in -20°C for 1 hour. Cells were 

then centrifuged at 300g for 5 minutes and washed twice with PBS. PBS was discarded and 

https://en.wikipedia.org/wiki/Billerica,_Massachusetts
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cells were resuspended in 200 μl of a solution containing 50μg/ml propidium iodide in PBS 

(P4864, Sigma-Aldrich, USA), 50μg/ml RNase and 0.1% Triton X-100. Samples were 

incubated at 37°C for 40 minutes and then examined by flow cytometry, Muse Cell analyser 

instrument (Merck Millipore). FlowJo single-cell analysis software (FLOWJO, LLC, 

Ashland, OR, USA) was used to analyse the results.   

3.12  miRNA expression vector and developing stable cell line 

Technically, transient transfection methods can afford peak gene expression between 24-96 

hours post transfection. To obtain sustained gene expression and for analysis of its permanent 

consequences, stable cell lines were generated from the most invasive and angiogenic thyroid 

cancer cells, MB1 and BHT-101. The permanent production of miR-205 was achieved 

through transfection of a permanent expression vector and then colony selections. In this 

project pCMV_miR-205 expression vector (OriGene Technologies, US) and pCMV-MIR 

empty vector (as a control) (OriGene Technologies) were used as a highly responsive system 

which produces stable expression of our gene of interest (GOI) in target cells. These vectors 

carry a drug resistance gene as a selective marker Geneticin (G418), providing a useful 

option to select the cell colonies which express the vectors.  

 

3.13 Plasmid transformation  

Before transfection and to ensure that we have enough sources of our plasmids for the next 

stage of project, each of those plasmids has transformed into a suitable E-coli DH5α host 

strain as following steps: 

1. Stellar™ Competent Cells (Clontech, Mountain View, CA, USA) were used for 

transformation procedure. Remove competent cells –70oC and let thaw on ice. 
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2.  Mixed the cells gently to ensure complete distribution.  

3. Transferred 50μl of competent cells into a 2 ml round-bottom eppendorf tube. 

4. Added 5 ng of each DNA plasmid for transformation. 

5. Incubated tubes on ice for 30 minutes. 

6. Heat shocked tube by placing in the 42oC water bath for 2minutes without shaking. 

7. Incubated tubes on ice for 2 minutes. 

8.   Added pre-warmed SOC medium to bring the final volume to 500 μl.  

9. Incubated with shaking (200 rpm) at 37°C for 60 minutes. 

10. Spread 20 μl of transformed cells on Luria-Bertani (LB) agar plates containing 

appropriate antibiotic (100 Pg/mL ampicillin).   

11. Incubated plates (side up and the lid side down) overnight at 37°C without shake. 

3.14 Plasmid extraction 

In order to obtain the highest DNA plasmid yields QIAGEN plasmid purification Maxi kit 

was used.  

1. Picked 2 well isolated colonies from each plate and cultured each into a small-scale 

(5 ml) Luria Bertani (LB) liquid culture containing appropriate antibiotic (100 Pg/mL 

ampicillin).in 15 ml falcon tube and incubated at37°C for 8 hours with vigorous 

shaking approximately 300 rpm. 

2. Diluted the starter culture 1/1000 into selective LB medium. Inoculated 100 μl of 

starter culture into 100 ml medium.  

3. Incubated at 37°C for 12-16 hours with shaking 300 rpm 

4. Harvested bacterial culture by centrifuging at 6000 x g for 15 min at 4°C and 

removed the supernatant as much of the liquid as possible.  
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5. Thoroughly resuspend the pellet by adding 10 ml Buffer P1 to lyse the cells by 

vortexing. 

6. Added 10 ml Buffer P2, mixed thoroughly by inverting the sealed tube 4–6 times and 

incubated at room temperature (15–25°C) for up to 5 minutes. 

7. During the incubation time, screwed the cap onto the outlet nozzle of the QIAfilter 

Cartridge and placed it in a convenient tube.  

8. Added 10 ml pre-chilled Buffer P3 to the lysate and mixed immediately and 

thoroughly by inverting 4–6 times. 

9. Poured the whole lysate into the barrel of the QIAfilter Cartridge and incubated at 

room temperature for up to 10 minutes. 

10.  Equilibrated  the QIAGEN-tip by applying 10 ml Buffer QBT and allowed the 

column to empty by gravity flow 

11.  Removed the cap from the QIAfilter Cartridge outlet nozzle and gently inserted the 

plunger into the QIAfilter Cartridge, and filtered the cell lysate into the equilibrated 

QIAGEN-tip. Allowed the lysate to enter the resin by gravity flow. 

12.  Washed the QIAGEN-tip by applying 2 x 30 ml Buffer QC.  

13. Eluted DNA with 15 ml Buffer QF. 

14. Precipitated DNA with 10.5 ml room-temperature isopropanol, mixed and 

centrifuged at 15,000 x g for 30 min at 4°C.  

15. Carefully discarded the supernatant. 

16. Wash the DNA pellet by adding 5 ml room-temperature 70% ethanol. 

17.  Centrifuged at 15,000 x g for 10 min and carefully discarded the supernatant. 

18.  Allowed the pellet to air-dry for 5-10 minutes. 

19. Redissolved DNAs in an appropriate volume of TE buffer, pH 8.0. 
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3.15 Optimisation of antibiotic concentration for each target cell line  

Before using G418 to select stably transfected cell lines, it is necessary to determine the 

optimal concentration of these antibiotics for each type of target cell lines.  

For G418 to be tested, 2 x 105 cells have cultured in each well of a 6-well plate containing 3 

ml of the appropriate complete medium plus increasing concentrations of G418 (0, 50, 100, 

200, 400, and 600 μg/ml. Cells were incubated for 5–10 days or until all cells are dead. The 

dishes were examined for viable cells every two days. Selective medium was replaced every 

four days (or more often if necessary) until the optimal concentration is determined.  

Therefore, the lowest concentration that resulted in widespread cell death in two weeks for 

G418 was selected as an optimal concentration.  

3.16  miR-205 expression vector transfection (Permanent Transfection) 

To study long-term gene expression and analyse the effects of miR-205 on cancer cells the 

pCMV-MIR-205 expression vector (OriGene Technologies, US) (Fig 3) has been purchased. 

Lipofectamine 3000 transfection reagent (Life Technologies, US) was used to transfect the 

thyroid cancer cells. For this purpose 1*105- 4*105 cells were seeded in 12-well plate and 

incubated them to get the 70-90% confluency. Based on the protocol 1 μg vector and 1.5 μL 

transfection reagent complexes have mixed in serum-free media Opti-Mem Reduced Serum 

Medium. It incubated for 5 minutes at room temperature and then added directly to cells in 

antibiotic and serum free medium. After 24 hours the medium has been changed to the 

complete medium. 48 hours after transfection optimised G418 concentration (600 μg/ml) was 

added to the cells. Cell media has changed with fresh complete media every 3-4 days. Cells 

that have not taken up the plasmid started to die after ~5 days.  After ~2 weeks, G418-
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resistant colonies began to appear. Culture the clones in a maintenance concentration of G418 

(300 μg/ml). When they grow sufficiently, use the cells for the next step.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
  

Figure 3: Vector map for (pCMV-MIR) as a control miRNA expression plasmid. miR-205 precursor is 
cloned into pCMV-MIR vector via SgfI and MluI site.  
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3.17  In vitro angiogenic assays  

3.17.1  HUVECs culture 

Human umbilical vein endothelial cells (HUVECs) as a perfect model for the study of the 

function and pathology of endothelial cells were purchased from Lonza Walkersville, inc, 

USA. The culture medium for these cells consisted of Endothelial Growth Medium-2 (EG 

Endothelial Growth Medium-2 (EGM-2) containing human Epidermal Growth Factor (h 

EGF), Vascular Endothelial Growth Factor (VEGF), R3 Insulin-Like Growth Factor 1 (R3-

IGF-1), ascorbic acid, hydrocortisone, human Fibroblast Growth Factor β (h FGF-β), heparin, 

Fetal Bovine Serum (FBS) and Gentamycin/Amphotericin-B (GA). Cells were maintained in 

5% CO2/95% air at 37oC. Cell medium was changed every other day, and they were 

subcultured when they were 80% confluent. 

3.17.2  Endotube formation assay 

This assay was performed by using Human umbilical vein endothelial cells (HUVECs) to 

investigate the influence of miR-205 on the interaction between stable cell lines and HUVECs 

on tube formation. For this purpose, HUVEC tube formation was measured by doing co-

culture HUVEC with control and miR-205 transfected cancer cell lines by taking advantage 

of a Transwell Permeable plates (Corning, NY, USA) with polycarbonate filters in 4 μm pore 

size and 0.33 cm2 area and matrigel phenol red free (Engelbreth-Holm-Swarm mouse 

sarcoma, Growth Factor Reduced Matrigel, Sigma, USA). This will be helpful to show 

whether suppression VEGFs modulate the capability of thyroid cancer cell lines to influence 

tube formation by vascular endothelial cells.   

1. Thawed the ECM growth factor reduced gel overnight at 2-8 °C before use. 
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2. ECM gel was diluted to 1 mg/ml in Endothelial Growth Medium-2 (EG 

Endothelial Growth Medium-2 (EGM-2) media without VEGF media without 

VEGF. 

3. Each well of 24-well plate was coated with 150 μl chilled matrigel. 

4. Incubated at room temperature for 30 minutes. 

5. Plate was incubated for another half of hour at 37°C to allow gel formation. 

6. 1×105/ml were seeded into the transwell inserts (upper chambers). 

7. 3×104 HUVEC cells were suspended in 500 μl Endothelial Growth Medium-2 

(EGM-2) VEGF-free and added to each well pre-coated with matrigel (lower 

chambers). 

8. Transwell inserts containing transfected and control cells were transferred to the 

top of the HUVEC cells. 

9. Cells were incubated overnight at hypoxic condition (1% O2) and 37°C. 

10.  After incubation, tube formation ability of endothelial cells was imaged by 

using an inverted microscope 4X magnification. In order to analyse the number 

of loops and branching points, Wimasis WimTube (Wimasis GmbH Munich, 

Germany) software was utilised.   

3.17.3  Cancer cell invasion assay 

Invasion through the extracellular matrix that is the critical step of cancer cell metastasis has 

been examined by using a 24-well permeable support plate invasion chamber (Corning, NY, 

USA).  Engelbreth-Holm-Swarm mouse sarcoma (ECM) gel 10 mg/ml (Sigma, USA) was 

used to coat the chamber and invasion assay was performed according to the following 

protocol: 

1. Thawed the ECM gel overnight at 2-8 °C before use. 
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2. Diluted the ECM gel to 0.3 mg/ml in 50 μl serum-free medium. 

3. Transwell inserts with an 8-µm pore size and 6.5-mm polycarbonate membranes were 

coated with diluted gel and incubated for 3 hours at 37°C to form a thin layer.  

4. pCMV-MIR-205-transfected cells, pCMV-MIR mock and un-transfected cells in 100 μl 

serum-free media cells were seeded at a density of 2×105 cells into the upper 

compartment of the transwell chambers per well in triplicate.  

5. 650 μl complete medium was added to the lower chambers and by using sterile forceps 

transferred all transwell inserts into these wells. 

6.   Incubated cell invasion chambers overnight in a humidified tissue culture incubator at 

37°C, 5% CO2 atmosphere. 

 

3.17.3.1 Measurement of cell invasion  

1. After overnight incubation, those non-invasive cells were removed by using the cotton 

swab and rubbing the area very gently. 

2. The cells on the lower surface of the membrane were fixed in 3.7% formaldehyde in 

phosphate-buffered saline for 10 minutes.  

3. Permeabilised cells by using 100% methanol at room temperature for 20 minutes. 

4. Removed methanol and washed twice with PBS. 

5. Cells were stained with 0.4% crystal violet (Sigma-Aldrich, USA) at room 

temperature for 15 minutes. 

6. Removed crystal violet and washed twice with PBS. 

7. Following two times wash with PBS, allowed the permeable support membranes to 

air dry. 
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8. The images of five random locations from three replicates of each transwell insert 

were captured using the 10X magnification of the microscope. The mean of invasive 

cells was calculated by using ImageJ software.  

This technique determines the invasion ability of transfected stable cell lines compared with 

negative control.   

 

3.17.4  Enzyme-linked immunosorbent assay 

Enzyme-linked immunosorbent assay (ELISA) is another method to confirm the effect of 

miR-205 function on HUVEC tube formation as a result of VEGF-A suppression. Through 

this method, we found the quantitative release of angiogenic growth factors including VEGF-

A into the culture medium in transfected stable cell lines compared to the negative controls. 

Human VEGF-A-165 enzyme-liked immunosorbent assay (ELISA) novex kit (Life 

Technologies, Carlsbad, CA, USA) was used to measure VEGF concentration in culture 

medium. PCMV-MIR-205-transfected cells, pCMV-MIR mock and un-transfected cells were 

seeded at the density of 5×105 cells/ml into the 10 cm2 tissue culture dishes and incubated in 

hypoxic condition (1% O2) at 37°C. Culture media were then collected after 24, 48 and 72 

hours and VEGF absorbance were quantified with a PolarStar Omega microplate reader 

(BMG Labtech, Ortenberg, Germany) at a wavelength of 450 nm and according to kit 

instruction. Data analysis was performed using Prism 6 (GraphPad software version 6.02, La 

Jolla, CA, USA).  
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3.17.4.1 Serial dilution preparation  

1. Reconstituted Human VEGF standard to 10,000 pg/ml with standard dilution buffer. 

Mixed gently and incubated for 10 minutes at room temperature to ensure even 

reconstitution. 

2. Added 90 μl of the reconstituted standard to a tube containing 510 μl standard diluent 

buffer and labelled as 1500pg/ml Hu VEGF. 

3. Added 300 μl standard diluent buffer to7 glass tubes and labelled as 750, 375, 188, 

93.8, 46.9, 23.4 and 0 pg/ml of Hu VEGF. The last tube considered as a blank. 

 

3.17.4.2 ELISA procedure  

Bind antigen 

1. 50 μl of the Incubation Buffer was added to each well except blank. 

2. 100 μl of standards were added to appropriate wells. 

3. 50 μl of standard diluent buffer was added to the sample medium wells 

followed by adding 50 μl of medium. 

4. Plate was covered by plate cover and incubated for 2 hours at room 

temperature. 

5. After 2 hours, discarded the solutions and washed 4 times with diluted wash 

buffer. 

Add detector antibody  

1. 100 μl of Hu VEGF biotin conjugate solution was added to each well except 

blank. 
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2. Plate was covered by plate cover and incubated for 1 hour at room 

temperature. 

3. After incubation, solutions were discarded and plate was washed 4 times with 

diluted wash buffer. 

 

Add streptavidin-HRP  

1. 100 μl of streptavidin-HRP was added into each well except blank. 

2. Plate was covered by plate cover and incubated for 30 minutes at room 

temperature. 

3. After incubation, discarded the solutions and washed 4 times with diluted 

wash buffer 

Add chromogen 

1. 100 μl of stabilised chromogen was added into each well. The colour turned 

blue. 

2. Plate was covered by plate cover and incubated for 30 minutes at room 

temperature in the dark. 

Add stop solution and find the Hu VEGF concentration 

1. 100 μl of stop solution was added to each well. Mixed gently. The colour 

turned yellow. 

2. Read the absorbance at 450nm and concentration of samples according to the 

generated standard curve.  
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3.17.5  Cancer cell migration assay 

To check the cancer cell migratory characteristic and interaction ability, wound healing or 

migration assay was performed.  

1. 3×105 pCMV-MIR-205-transfected, pCMV-MIR mock and un-transfected cells were 

seeded in a 6-well plate. 

2. Incubated at 37°C, 5% CO2 condition to reach 80% confluency. 

3. Made a straight scratch by using a thin disposable p200 pipette tip in each well. 

4. Cells were gently washed with PBS twice to remove those dead cells. 

5. Added medium containing 5% FBS to confirm that the final results are based on the 

migratory role of cancer cells, not their proliferation. 

6. Cells were incubated at 37°C, 5% CO2 condition. 

7. The images of wound areas were captured after 24, 48 and 72 hours by an inverted 

microscope 10X magnification (three different areas per well selected). 

8. The mean wound area between one side of scratch to the other side was calculated 

and analysed by taking advantage of ImageJ software.  
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3.18  In-vivo angiogenic assays  

3.18.1  Animal groups 

Griffith University Animal Ethics Committee (AEC) were sought and obtained in 2016 for 

this section of the experiment.  A number of 5-week old BALB/c Nude mice were proposed 

to be purchased and divided into defined groups (Table 4). These groups included those 

which received pCMV-MIR-205-transfected cancer cells, pCMV-MIR mock transfected cells 

and un-transfected cancer cells categorised in two different cell lines (MB-1 and BHT-101 as 

described previously). According to the Guidelines for the welfare and use of animals in 

cancer research (275) and power calculator suggested in British Journal of cancer in 2010, 

the power calculation was set to 80% to produce significant results. Also, based on three 

possible variations (increased, no change, decreased) in the formation of new blood vessels to 

identify the potential role of miR-205 and with 3 experimental groups and two types of cancer 

cells, 7 mice were required for each treatment. Therefore, the total number of the animal for 

this proposal would be 42 with the high chance of using a lot smaller number of animals. The 

experiment was initially started with 4 animals in each group of study. In this way, in case we 

achieved any significance, we could stop further animal use. So, for two sets of cancer types 

in this study we started smaller number of animals. Animals were purchased and placed in a 

well-ventilated cage in animal facility under standard conditions and in accordance with 

Australian code for the care and use of animals for scientific purposes (8th edition). 

The Animal Ethics Committee was assured that the 3Rs of animal use (Replacement, 

Reduction, Refinement) are complied with and that the benefits of the use outweigh the 

potential costs to the animals.  

x Animal use is essential to achieve the stated goal (i.e. no other means are available) 
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The goal of this study was to identify the potential and efficacy of the proposed approach in 

cancer management and possible treatment options. As it has been already achieved and 

demonstrated in above chapters all the essence of in-vitro experimentations, we were 

confidence that the proposed applications have been working in the lab, and in our in-vitro 

studies. However, the interaction of these cancer cells in an animal and in-vivo condition was 

required to see the special effect of the cells and their extracellular environment to test the 

success of the proposed model.    

x The scientific merit of the project justifies the use of animals 

We have shown to the committee our published lab work approach to the proposed technique 

and demonstrated the possible effectiveness in our cancer cells and the laboratory 

experimentations. We were able to show the significant reduction in the cancer cell growth 

and expansion as well as drop in those genes that are responsible for bringing new vessels to 

the cancer cells to survive.  

Therefore, a real model that represents similarity to the human being and demonstrates a 

situation that cancer cells are sitting next to all other normal cells and extracellular matrix and 

may affect or be affected by such environment. Application of such animal model, therefore, 

becomes an essence to confirm this situation and to show the effectiveness of our 

intervention.  

x The minimum number of animals required to achieve valid data has been proposed for 

use, with the least possible impact on the well-being of animals involved. 

As described earlier, we have done the calculation according to the estimated power of 80% 

to produce a significant result. Considering that we were expecting three possible options 

(increase, no change, Decrease) after examining the endpoint tissues for the growth changes 
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and formation of new vessels to identify effectiveness in our intervention, and with 3 

experimental groups and two types of cancer cells, 7 animals in each group seems the least 

that we need. We also proposed that in case of successful approach and for the sake of 

humanly approach to the animal work in our research, we would start experimenting with 

only 4 animals in each study group, as it could produce enough significant data to 

demonstrate the variance.  

* BALB/c: A strain of animal obtained and breaded by Halsey J. Bagg of Memorial Hospital, 

New York and name after him: Bagg Albino Lab Bread 

 

3.18.2  Subcutaneous implantation 

On day zero of the experiment and after disinfection of the mice skin with 70% ethanol 

wipes, 2×106 BHT-101 pCMV-MIR-205-transfected cells, pCMV-MIR mock transfected and 

un-transfected cells suspended in 200 μl of cell media and reduced growth factor matrigel 

(ECM gel, from Engelbreth-Holm-Swarm mouse sarcoma, Sigma) (1:1) were subcutaneously 

injected into the flanks of nude mice by using 27-gauge or smaller needle. For the other cell 

line, also approximately 2×106 MB-1 pCMV-MIR-205-transfected cells, pCMV-MIR mock 

transfected cells and un-transfected cells suspended in 200 μl of cell media and reduced 

growth factor matrigel (ECM gel, from Engelbreth-Holm-Swarm mouse sarcoma, Sigma) 

(1:1) were used to perform the injection.  After retraction of the needle, a cotton swab was 

placed over the injection site for 30 seconds to prevent bleeding and spillage of tumour cells. 
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3.18.3   Monitoring of animal health and tumour growth 

The tumour model that we used has been very well characterised. We have adopted and 

modified our protocols based on the observation of other research groups (276-278).  

2x 106 undifferentiated thyroid carcinomas were injected subcutaneously in both flanks of the 

nude mice. Based on previous studies and to be consistent with their approach, we set the 

experimental end-point at 28 days. This also minimised the amount of animal suffering 

during this experiment.  

As the site of injection was located in a superficial area of animals’ flank, the chance of 

interference with the animal well-being including physiological and psychological changes 

was very low. Hence, the invasiveness of this protocol according to animal ethics committee 

manual was “Minor Physiological Challenge”. Although there was a chance of interference 

with the animal's physiological or psychological processes, the challenge could cause only a 

small degree of pain/distress or any pain/distress is quickly and effectively alleviated. 

After discussion and consultation with the animal facilities managers and supervisors of the 

project, an assessment chart was developed. Front page of the assessment chart is presented 

in table 5.  Mice were monitored every 2 days and tumours were measured with a calliper 

ruler at different time points. The chart was routinely completed for that day by observing 

clinical signs of pain and distress in mice. The mean diameter of the tumour should not 

exceed 1.2 cm, and for that we also used volume which was recorded as (width) 2 x length/2. 

After 28 days and when progressive tumour growth was evident euthanasia was performed. 

Evidence suggested that 28 days period is sufficient for our experimental purposes and to 

minimise any potential early animal sacrifices. An animal presenting with significant signs of 

distress, pain or rapid weight loss/gain of greater than 10% of normal body weight were also 

euthanized.  
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All the involved team members were trained, monitored and educated by our animal facility 

manager for the purpose of these specifics. Potential signs associated with pain and distresses 

have been discussed and an educational template was developed for training purposes. 

Briefly, we looked into these: Decreased food and water consumption, weight loss, self-

imposed isolation/hiding, self-mutilation, gnawing at limbs, rapid breathing, opened-mouth 

or abdominal breathing. Other signs such as biting/growling/aggression, increased/decreased 

movement unkempt, abnormal posture/positioning, muscle rigidity, lack of muscle tone, 

dehydration/skin tenting/sunken eyes, twitching, trembling, tremor, vocalization (rare) 

redness or swelling around injection site were considered in monitoring of the animal and in 

the training process. 

3.18.4  Euthanasia 

Euthanasia was performed by using CO2 chamber at the pre-defined experimental end-point 

of 28 days or prior should standard monitoring procedure determine an animal to be 

deteriorating. At the experimental endpoint animals were sacrificed in the CO2 chamber and 

dissected to retrieve tumour tissue as well as possible metastasis locations such as lung, liver 

and kidney for analysis. Any unused material was disposed of as per the protocol of the 

animal facility. 
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Group 
Number of 
animal per 

group 
Treatment 

MB-1 Tumour 7 
Untransfected thyroid cancer cells control 

 
 

MB-1 Tumour 7 
Mock-transfection thyroid cancer control 

(pCMV-MIR-mock-transfected) 
 

MB-1 Tumour 7 
Thyroid cancer cells in Matrigel 
(pCMV-MIR-205-transfected) 

 

BHT-101 Tumour 7 Untransfected cells Normal thyroid cell control 
 

BHT-101 Tumour 
 7 

Mock-transfection thyroid cancer control 
(pCMV-MIR-mock-transfected) 

 

BHT-101 Tumour 7 
Thyroid cancer cells in Matrigel 
(pCMV-MIR-205-transfected) 

 

Table 4: Anima treatment groups 
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Welfare score sheet assessment 
Animal ID:  Date of experiment 

 
Day 1 Day 2  Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 

Clinical Signs  
(Tumour size/Diameter) 

Frequency of Monitoring           

0=Normal, <0.5 cm  
1=Small, >0.5cm and < 1cm  
2= Medium, >1cm and <1.5cm  
3= Large, >1.5 cm  
 

Every other day 
Every day 
Every day 
Euthanasia 

          

WRITE YOUR SCORE IN THIS ROW           
 
Behaviour Signs (Appearance) 
 

           

0=Normal behaviour 
1=Abnormal gate  
2= Isolated/Hunched, trembling  
3= Isolated/Hunched/Piloerection 

Every other day 
Every day 
Every day 
Twice daily 

          

WRITE YOUR SCORE IN THIS ROW           
 
Faecal Pellets 
 

           

0= Normal Solid 
1= Diarrhoea 

 

Every other day 
Every day 

 

          

 WRITE YOUR SCORE IN THIS ROW           
 

CALCULATE YOUR SCORES HERE 
          

Judgement: 
Score 0: Monitor every other day; Score 1-2: Monitor daily; Score 3-4: Monitor Twice a day; Score 5-7: Euthanasia  
Additional Marks to consider 
NOTE: Animal with Ulcerated lump or abscesses should be immediately sacrificed.   Animal with tumour’s mean diameter equal or above 1.5cm must be euthanized. 
 

Animal Facility User’s initials and date           

Table 5: An example of animal monitoring sheet 
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3.19  in-vivo angiogenic assays  

3.19.1  Immunohistochemistry staining: Identifying markers of 
angiogenesis, proliferation and EMT  

Immunohistochemistry staining method was used as the technique for comparison of the 

expression in angiogenic and metastasis processes. For that following tissue removal, 

samples were fixed in 10% neutral buffered formalin (NBF) and sent for fixation and 

sectioning to our collaborator histopathology laboratory. Paraffin embedded tissues 

were sectioned, mounted on glass slides and stained against specific primary antibodies 

for endothelial cells formation (CD-34), malignant proliferation (Ki-67) and the process 

of epithelial-to-mesenchymal transition (E-Cadherin).  

 

3.19.2  Micro-vessel density quantification (MVD) 

Immunohistochemistry staining was performed to check the expression of endothelial 

cell marker, as the cluster of differentiation 34 (CD-34) (CD34, DAKO; dilution: 1:25) 

and to identify tumour-associated vessel formation. Specific staining for CD-34 was 

performed by using monoclonal mouse anti-human immunoglobulin as a primary 

antibody. Assessment of microvessel density (MVD) in malignant thyroid tissues was 

carried out by light microscopy. Positive staining of CD-34 in endothelial cells was 

examined and identified by a pathologist, and a number of endothelial tubes formed in 

the tumour tissues were calculated and determined by counting five high-power (×40) 

fields of the highest vascular density. MVD was expressed as the mean value of the 

microvessels counted in a sum of those fields. We also considered any stained 
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endothelial cell or clusters of endothelial cells separated from other microvessel 

structures as a countable microvessel. 
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3.20  Data analysis 

RNA and protein expression data was entered into statistical analysis software, 

Statistical Package for Social Sciences (SPSS version 22.0, IBM, New York, NY, 

USA).  Final normalised data were analysed as comparisons of group means using 

Student’s t-test and ANOVA (using Bonferroni and LSD correction) for continuous 

variables and chi-square or Fisher exact tests for categorical variables.  In addition, 

Pearson correlation (2-tailed) test was used for correlation analysis. The significance 

threshold was taken at ≤0.05. Prism 6 (GraphPad Software version 6.02, La Jolla, CA, 

USA) was used to show the graph and charts. 
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Chapter 4 Paper 2 
 

Peer-Reviewed Research Article 
Modulatory role of miR-205 in angiogenesis and development of thyroid 

cancer. 

Salajegheh A, Vosgha H, Md Rahman A, Amin M, Smith RA, Lam AK. 

J Mol Endocrinol. 2015 Dec; 55(3):183-96. doi: 10.1530/JME-15-0182. 
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This section of result chapter consists of the published work of my paper, co-authored 

with my principal supervisors. It showed the effective role of miR-205 in human thyroid 

cancer angiogenesis and development for the first time. This study showed the 

fundamental evidence about the correlation between miR-205 and VEGF-A in this type 

of cancer. This section is the first part of result chapter arising from the transient 

manipulation of miR-205 in thyroid cancer.  
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Abstract: 

Introduction: miR-205 plays a crucial role in angiogenesis and has been found in 

association with several types of cancers. The aims of this study were to investigate the 

clinical and functional roles of miR-205 on VEGF-A as the major initiator and 

modulator of angiogenesis in thyroid cancer. Methods: 101 thyroid carcinomas 

including 51 conventional and 37 follicular variant of papillary thyroid carcinomas and 

13 undifferentiated thyroid carcinomas in addition to 13 lymph nodes with metastatic 

thyroid carcinoma were recruited to be compared with 14 nodular goitre and 7 normal 

thyroid tissues. 5 thyroid carcinoma cell lines, of papillary and undifferentiated origin 

with and without history of metastasis were also used. Expression of VEGF-A and miR-

205 were measured and exogenous miR-205 were transfected to observe the changes of 

VEGF-A (by immunofluorescence and western blot techniques). Proliferation assay, 

cell cycle analysis and apoptosis assays were also used to evaluate the role of miR-205 

in these events. Results: Significant under-expression of miR-205 and overexpression 

of VEGF-A mRNA and protein were noticed in thyroid cancer tissues and cell lines 

compared to normal thyroid control.  Transfection of miR-205 into the cancer cell lines 

caused significant reduction of VEGF-A protein and significant inhibition in cell 

proliferation, arrest in G0-G1 of the cell cycle and promotion of total apoptosis 

(p<0.05). Conclusion:  The angiogenic and tumour suppressive roles of miRNA-205 

were demonstrated for the first time in thyroid cancer. The current experiments 

provided specific information on the functional consequences of VEGF manipulation 

via miRNA on cancer.  
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Introduction  

MicroRNAs (miRNAs) are one of the most crucial classes of angiogenesis 

regulators (Suarez & Sessa 2009).  They represent a family of short, single-stranded, 

non-coding RNA molecules consisting of only 20-25 nucleotides and they participate in 

various regulatory events by acting upon the genes involved in the control of these 

processes (Calin & Croce 2006).  miRNAs govern gene expression at the 

posttranscriptional level by degradation or translational repression of a target mRNA 

(Gu & Kay 2010).  MicroRNA 205 (miR-205) is one of the widely reported miRNAs 

which regulate different cellular pathways such as cell survival, apoptosis, angiogenesis 

and metastasis (Vosgha et al. 2014). Previous studies suggested that additional miR-205 

can repress cancer proliferation, clonogenic survival, growth and aggressiveness by 

direct targeting of related genes such as E2F1 and BCl2 (Vosgha et al. 2014). 

Nonetheless, the role of this miRNA has not been investigated in the pathophysiology of 

thyroid carcinoma. 

Cancer can be invasive and spread through the process of angiogenesis (Nguyen 

et al. 2009).  As a promoter of angiogenesis, vascular endothelial growth factor (VEGF) 

is a key mediator of tumour-associated angiogenesis and progression in different 

cancers (Salajegheh et al. 2014; Salajegheh et all. 2011; Xu et al. 2015).  In our 

previous studies, we have shown that VEGF expression is upregulated and correlated 

with clinicopathological features in human thyroid carcinoma (Salajegheh et al. 2014; 

Salajegheh et all. 2011; Xu et al. 2015; Yu et al. 2008a; Yu et al. 2008b; Yu et al. 2005). 

Lymphangiogenesis and angiogenesis share a number of basal mechanisms, including 

cross-talk between the different VEGFs and their receptors (Salajegheh et al. 2013).  
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The overexpression of VEGF-A in our previous research revealed a correlation 

with the pathological parameters and metastatic status of thyroid carcinomas 

(Salajegheh et al. 2011).  These significant correlations add weight to hypotheses 

concerning the role of VEGF-A in cancer progression (Salajegheh et al. 2013). The 

functional role of miRNAs and VEGF in the context of cancer has not yet been 

extensively explored. Previous studies in breast and lung cancer and melanoma revealed 

that VEGF-A as a potent target for miR-205 can be supressed due to their affinity to 

bind (Figure 1).  Therefore, we herein used a variety of thyroid carcinoma tissues and 

thyroid cancer cell lines to investigate the role of miR-205 in dysregulation of VEGF-A 

expression and its potential in regulation of tumour growth and clonogenic survival. 

This research built on our previous results to more closely examine the VEGF gene and 

its regulatory microRNA (miR-205) in thyroid cancer angiogenesis and the progression 

of the disease.   

 

Figure 4 (Figure 1 of paper 2) 
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Materials and methods 

Tissue samples 

One hundred and one thyroid carcinomas consisting of 51 conventional papillary 

thyroid carcinomas (CPTC) including 25 metastatic CPTC (CPTC LN+) and 26 non-

metastatic (CPTC LN-), 37 follicular variant of papillary thyroid carcinoma (FVPTC) 

and 13 undifferentiated thyroid carcinomas (UC) along with 13 matched lymph nodes 

with metastatic thyroid carcinoma (LN) were selected for the study, with full ethical 

approval (MSC/04/05/HREC).  In addition, 21 non-cancer thyroid tissues (14 nodular 

goitre and 7 normal thyroid tissues obtained from non-cancer areas adjacent to benign 

lesions) were recruited as controls.  Diagnoses were made and histological subtype 

classifications were confirmed by a pathologist (AKYL) with reference to the World 

Health Organization (WHO) criteria for classification of endocrine tumours (DeLellis et 

al. 2004).  For staging of the thyroid carcinomas, the American Joint Committee on 

Cancer /International Union against Cancer’s tumour-node-metastasis (TNM) staging 

system for cancer was used (Sobin & Wittekind 2009).  In addition, five thyroid cancer 

cell lines and one normal thyroid cell line were recruited to investigate the functional 

effect of nominated miRNAs and the expression of VEGF-A and cancer progression. 

Cell lines and culture 

Human papillary thyroid carcinoma (K1) and human normal thyroid follicular 

cell line (Nthy-ori 3-1) were obtained from Sigma-Aldrich (Sigma-Aldrich, St. Louis, 

MO, USA).  Metastasizing human papillary thyroid carcinoma (B-CPAP), human 

undifferentiated thyroid carcinoma from a lymph node with primary papillary thyroid 

carcinoma (8505C), human undifferentiated thyroid carcinoma (MB-1) and human 

undifferentiated thyroid carcinoma metastases in lymph node (BHT-101) were obtained 
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from Deutsche Sammlung von Mikroorganismen und Zellkulturen, German Collection 

of Microorganisms and Cell Cultures (DSMZ, Braunschweig, Germany).  All cell lines 

were maintained in 5% CO2/95% air at 37oC.  

K1 cells were maintained in Dulbecco's Modified Eagle Medium (DMEM), F-12 

nutrient medium (Ham's F12), molecular cell developmental biology 105 (MCDB 105) 

(2:1:1), 2mM glutamine and 10% foetal bovine serum.  Nthy-ori 3-1 cells were 

maintained in Roswell Park Memorial Institute medium (RPMI 1640), 2mM glutamine 

and 10% foetal bovine serum. B-CPAP and 8505C cells were cultured in 90% RPMI 

1640 and 10% foetal bovine serum.  The media for BHT-101 cells were 80% DMEM 

and 20% foetal bovine serum.  The MB-1 cell line was maintained in 80% RPMI 1640, 

20% foetal bovine serum and 2mM glutamine.  These cells were passaged within 3-5 

days.  They were routinely tested to confirm the absence of mycoplasma.  All 

transfection experiments were conducted with 60–80% confluent cultures.  

Isolation of mRNA and miRNA  

RNA and miRNA were extracted from paraffin blocks using FFPE QIAGEN 

miRNeasy extraction kits (Qiagen Pty. Ltd., Hilden, NRW, Germany).  Extraction of 

total RNA including miRNA from the cells was performed using MACHEREY-

NAGEL NucleoSpin RNA kit (MACHEREY-NAGEL GmbH & Co. KG, Düren, 

Germany). 

Total RNA including miRNA underwent cDNA synthesis using miScript Reverse 

Transcription kit (Qiagen).  Preparation and evaluation of these samples has been 

described previously (Salajegheh et al. 2011).  
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miRNA microarray 

A miRNA microarray experiment was performed to identify the miRNAs that 

interact with VEGF.  Extracted miRNAs from selected samples were loaded on a 

miRNA microarray chip developed by Agilent (Agilent Technologies, Inc., Santa Clara, 

CA, USA) according to manufacturer’s instructions, using a pooling method.  Samples 

selected for this part of the study were chosen from groups of different types of thyroid 

cancer as well as different histological variants of papillary thyroid carcinomas.  These 

included tissues from 10 patients with conventional papillary thyroid carcinoma having 

lymph node metastasis (CPTC LN+), 10 patients with conventional papillary thyroid 

carcinoma without lymph node metastasis (CPTC LN-), 10 patients with follicular 

variant papillary thyroid carcinoma (FVPTC) and 10 patients with undifferentiated 

thyroid carcinoma (UC). The tissues in each group had similar morphology and 

clinicopathological features.  This ensured that variations due to phenotypes within the 

pools was limited and maximised the detection of effect-specific miRNAs.  miRNAs 

from non-cancer thyroid tissues were also used (Control) to normalize the results and 

identify non-cancer tissue behaviour within this study (Figure 2).  

Real-time polymerase chain reaction of miR-205 and VEGF-A  

miR-205 was selected for further study based on the result of the miRNA array.  

Sets of primers for detection of expression of miR-205 (Hs_miR-205_1 miScript Primer 

Assay) in the whole population of the study were purchased from Qiagen (Qiagen, 

Chadstone Centre, VIC, Australia).  RNU6B RNA (Hs_RNU6B_2 miScript Primer 

Assay, Qiagen) was chosen to be used as a ubiquitous control gene.  Real-time 

quantitative polymerase chain reaction (RT-PCR) was performed for using IQ5 

Multicolour Real-Time PCR detection system (Bio-Rad, Hercules, CA, USA).  All the 
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samples (unknown and standards) were run in triplicate and accompanied by a non-

template control.  PCR was performed in a total volume of 20 μl reaction mixture 

containing 10µL QuantiTect SYBR Green PCR Master Mix (Qiagen), 1 μl of miScript 

Universal Primer (Qiagen), 1 μl miScript Primer Assay (Qiagen), and 4 μl of cDNA 

template at 1.5 ng/μl concentration and 4 µL of RNase-free water.  Thermal cycling 

conditions included initial denaturation in one cycle of 15 minutes at 95°C, followed by 

40 cycles of 15 seconds at 94°C, 30 seconds at 55°C and 30 seconds at 70°C.  Melting 

curve analysis was also performed using eighty one cycles of 30 seconds increasing 

from 55°C. The melting curves of all final real-time PCR products were analysed for 

determination of genuine products and contamination by non-specific products and 

primer dimers.  The fold changes in the miRNA were calculated for each sample group 

using the 2-ΔΔCt method.  Fold changes <0.5 were considered as low expression, fold 

changes between 0.5 and 2 were considered as normal expression, and fold changes >2 

were considered as high expression. 

The expression finding of VEGF-A in the exact same population which has been 

reported in our previous works (Salajegheh et al. 2013) were used in order to compare 

against the expression outcome of miR-205.  The PCR primers for VEGF-A and 

GAPDH were reported previously (Salajegheh et al. 2013). PCR was performed using 

cDNA iQ SYBR green supermix (Bio-Rad). Thermal cycling conditions included initial 

denaturation in one cycle of 3 minutes at 95°C, followed by 40 cycles of 10 seconds at 

95°C, 30 seconds at 60°C and 30 seconds at 72°C.  Melt curve analysis was also 

performed using eighty-one cycles of 30 seconds increasing from 55°C.  To ensure that 

the correct product was amplified in the reaction, all samples were also separated by 2% 

agarose gel electrophoresis (Salajegheh et al. 2013; Salajegheh et al. 2011).  
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Transfection 

The mimic of miR-205, a non-targeting control, positive control (miR-1) and 

AllStars negative control siRNA were obtained from Qiagen. Transfection was 

optimized and cells were transfected by miR-205 mimic at the concentration of 5 μM 

using HiPerFect reagent (Qiagen) at 5 μl/ml concentration and prepared according to the 

manufacturer's instructions. Transfection medium was replaced 24 hours after the 

transfection and cells were monitored and observed for 48-72 hours afterward.  

Immunofluorescence staining  

 Cells were plated, transfected and treated on glass coverslips. After 72 hours, 

the treated cells were washed once with phosphate buffered saline (PBS) and fixed in 

4% paraformaldehyde in PBS for 15 minutes at room temperature. Blocking with 1% 

bovine serum albumin (BSA)/PBS buffer for 30 minutes was followed by a triplicate 

wash with PBS.   Then, cells were incubated for 60 minutes in 1:100 dilutions of anti-

VEGF-A (VEGF mouse monoclonal antibody (clone VG1), Life Technologies, 

Carlsbad, CA, U.S.A.).  Cells were washed three times with PBS afterward and 

incubated with 1:1000 secondary antibodies Alexa Flour® 488 goat anti-mouse 

(Abcam, Cambridge, UK), for green color. Then cells were stained and mounted with 

4’, 6-diamidino-2-phenylindole (DAPI) with mounting media.  The mounted cells were 

viewed with a two color fluorescent Nikon A1R+ confocal laser microscope (Nikon 

Instruments Inc., Melville, NY, U.S.A.). 

Western blot analysis 

Whole-cell lysates were collected using Cell Lysis Buffer NP40 (Sigma-

Aldrich) supplemented with fresh phenylmethylsulfonyl fluoride (PMSF) at 1 mmol/l. 

Protein samples (20-30 μg) were run on a 4–15% precast polyacrylamide gel (Mini-
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PROTEAN® TGX™ Precast Gel, Bio-Rad) and transferred onto polyvinylidene-

difluoride membranes (Trans-Blot® Turbo™ Mini PVDF Transfer Packs, Bio-Rad) 

using the blotting instrument (Trans-Blot® Turbo™ Transfer Starter System, Bio-Rad).  

Membranes were blocked with 5% skim milk powder in TBST (120 mmol/l Tris–HCl, 

pH 7.4, 150 mmol/l NaCl, and 0.05% Tween 20) for 1 hour at room temperature.  

Proteins were detected by incubation with VEGF-A rabbit polyclonal antibody (sc-152) 

by Santa Cruz (1:00, Santa Cruz biotechnology, Dallas, TX, U.S.A.) overnight at 4˚C.  

Membranes were then washed three times with TBST and incubated for 1 hour with the 

secondary antibody conjugated to horseradish peroxidase.  Blots were developed using 

the Western Lighting Plus-ECL substrate (Bio-Rad). GAPDH served as a loading 

control. 

MTS proliferation assay 

The capacity for cellular proliferation was measured with a 3-(4, 5-

dimethylthiazol-2-yl)-5-3-carboxymethoxyphenyl) - 2-(4-sulfophenyl)-2H-tetrazolium, 

inner salt; (MTS) assay (Promega BioSciences LLC., Madison, WI, U.S.A).  Thyroid 

cancer cell lines K1, B-CPAP, BHT-101, 8505C and MB-1 cells were plated at 2000 

cells per well in 96-well plates with four replicates wells for each condition, transfected 

with miR-205 mimic and non-targeting control, and assayed in 24, 48 and 72 hours 

post-transfection. The absorbance was measured with a PolarStar Omega microplate 

reader (BMG Labtech, Ortenberg, Germany) at a wavelength of 490 nm. Cell growth 

inhibition rates were calculated with this method: inhibition of proliferation [%] = 

[absorbance (untreated) - absorbance (treated)] / absorbance (untreated). 
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Cell cycle analysis  

After 48 hours of transfection, cells were collected by trypsinization and 

centrifugation at 1,400 rpm for 5 minutes. The supernatant media was discarded. Then, 

one ml of cold 70% ethanol was added and incubated at -20oC for one hour.  Cells were 

centrifuged again at 1,500 rpm for 5 minutes and were washed twice with PBS.  Cells 

were then subjected to propidium iodide (50 µg/ml in PBS), RNase (50ug/ml) and 

Triton X-100 (0.1%) and incubated for 40 min at 37oC. A total of 10,000 cells were 

examined by flow cytometry, with a MUSE cell analyser instrument (Merck Millipore, 

Darmstadt, Germany) in triplicates.   The results were analysed by FlowJo single cell 

analysis software (FLOWJO, LLC, Ashland, OR, U.S.A.).  Experiments including 

transfected cells, mock control and non-targeting control were performed in triplicate. 

Cell Apoptosis assay 

Measurements of viable, apoptotic and necrotic cells before and after transient 

transfection were performed after 48 hours of experiments in studied and control 

groups. After their detachment and being double washed with PBS, the cells were 

stained with 75µl of the Muse Annexin V & Dead Cell Assay purchased from Merck 

Millipore (Merck Millipore, Bayswater, VIC, Australia). While viable cells remained 

unstained in this experiment, Annexin V would identify early and late apoptotic cells 

and Nexin 7-AAD (7-amino-actinomycin) would detect necrotic cells and nuclear 

debris.  Experiments including transfected cells, mock control and non-targeting control 

were performed using the flow cytometry, MUSE cell analyser instrument counting a 

total of 10,000 cells in triplicate.  
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Data analysis 

RNA and protein expression data was entered into the statistical analysis 

software, Statistical Package for Social Sciences (SPSS version 22.0, IBM, New York, 

NY, USA).  Final normalised data were analysed as comparisons of group means using 

Student’s t-test and ANOVA (using Bonferroni and LSD correction) for continuous 

variables and chi-square or Fisher exact tests for categorical variables.  In addition, 

Pearson correlation (2-tailed) test was used for correlation analysis.  Significance 

threshold was taken at p≤0.05.  Prism 6 (GraphPad Software version 6.02, La Jolla, CA, 

USA) was used to show the graph and charts.  
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Results:  

Expression of miR-205 is significantly down-regulated in thyroid carcinoma tissues 

The miRNA microarray (Agilent) produced variety of differences in over 700 

human miRNAs. For the purpose of 

this research and as a preliminary and 

confirmatory tool to identify variety of 

expression of miR-205 in different 

thyroid carcinoma, data from this 

microarray related to miR-205 were 

extracted only in this report. Lower 

expression of miR-205 in different 

thyroid cancer tissues compared to 

morphologically normal thyroid tissue 

were noticed (Figure 2A).  The 

findings from hierarchical clustering 

algorithm suggested that miRNA 

profiles (including miR-205) in 

follicular variant of papillary thyroid 

carcinoma are closer to non-cancer 

thyroid tissues.  On the other hand, the 

miRNA profiles of conventional 

papillary thyroid carcinoma with or 

without lymph node metastases are 

clustered in another group.  In addition, Figure 5 (Figure 2 of paper2) 
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miRNA profiles in undifferentiated carcinoma were clustered in different group from 

the other carcinomas (Figure 2B).   

The expression of miR-205 was then measured individually by performing qRT-PCR. 

The normalised data for miR-205 was calculated and the expression of miR-205 was 

determined in the variants of papillary thyroid carcinoma, the metastatic papillary 

thyroid carcinoma in lymph nodes, undifferentiated thyroid carcinoma and the control 

samples (nodular hyperplasia and non-cancerous adjacent) (Figure 3).  

Overall, miR-205 expression was noted to be different in various type of thyroid 

carcinomas compared with the control group (p<0.05).  Significant under-expression of 

miR-205 was noticed in papillary thyroid carcinomas, metastatic papillary thyroid 

carcinoma in lymph nodes and undifferentiated thyroid carcinomas when compared to 

the non-cancerous controls (p<0.05).  There was no significant difference in the 

expression of miR-205 in nodular hyperplasia and the morphologically less hyperplastic 

thyroid tissues.  Furthermore, the levels of expression of miR-205 in conventional 

papillary thyroid carcinomas with metastasis were significantly lower than those 

without metastasis (p<0.05).  Also, the level of expression of miR-205 in conventional 

papillary thyroid carcinomas with metastasis was significantly lower than the matched 

metastatic papillary thyroid carcinoma in lymph nodes (p<0.05).  In another 

comparison, there was no significant difference in expression of miR-205 in 

conventional papillary thyroid carcinomas without metastasis and the follicular variant 

of papillary thyroid carcinomas.  

Papillary thyroid carcinomas were then divided based on TNM categories and 

their clinicopathological features into groups as previously described (Salajegheh et al. 

2013; Salajegheh et al. 2011), and the fold changes of miR-205 were examined in those. 
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A significant under expression of miR-205 was noticed in T3 and T4 carcinomas 

(p=0.038) and those in stage 3 and stage 4 categories (p=0.043).  Other 

clinicopathological features such as age, gender of the patients, size of the tumour, 

presence of calcification, ossification and psammoma bodies in stroma did not show any 

significant linkage to the expression of miR-205 (p>0.05).  

 

Under-expression of miR-205 is significantly correlated with overexpression of 

VEGF in thyroid carcinoma tissues 

Expression of VEGF-A in the same population of this study was measured and 

described previously (Figure 3A) (Salajegheh et al. 2011).  Briefly, it was noted that the 

levels of expression of VEGF-A mRNA and protein were high in thyroid carcinomas 

and in particular in those carcinomas with metastatic nature (p<0.05).  When the 

expression levels of VEGF-A were measured against the expression of miR-205, it was 

established through a bivariate correlation that changes in overexpression of VEGF-A in 

thyroid carcinomas significantly co-vary with the under-expression of miR-205 (p<0.05) 

(Figure 3C- 3F).   
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Figure 6 (Figure 3 of paper 2) 
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Expression of miR-205 and VEGF in thyroid carcinoma cell lines   

The levels of expression of VEGF-A mRNA were measured by performing qRT-

PCR and the expression of 

VEGF proteins were 

determined by 

immunofluorescence 

staining and confirmed by 

western blot in different 

thyroid carcinoma cell 

lines.  The expression of 

miR-205 was measured by 

performing qRT-PCR. The 

normalised data for miR-

205and VEGF-A were 

calculated and the 

expressions were 

determined in different 

thyroid carcinoma cell lines 

(Figure 4).  

Overall, miR-205 

was expressed significantly 

differently in various types 

of thyroid carcinoma cells 

Figure 7 (Figure 4 of paper 2) 
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compared with a normal immortalised thyroid cell line (N-Thy-ori 3-1) (p<0.05) (Figure 

4).  Significant under-expression of miR-205 was noticed in papillary thyroid carcinoma 

cells (K1 and B-CPAP), metastatic papillary thyroid carcinoma cells (8505C) and 

undifferentiated thyroid carcinoma lines (BHT-101 and MB-1) when compared to the 

non-cancer control (N-Thy-ori 3-1) (p<0.05).  

The expression of VEGF-A was also significantly different in various types of 

thyroid carcinoma cells compared with non-cancer control cells (N-Thy-ori 3-1) 

(p<0.05).  Significant overexpression of VEGF-A was noticed in papillary thyroid 

carcinoma cells (K1 and B-CPAP), metastatic papillary thyroid carcinoma cells (8505C) 

and undifferentiated thyroid carcinoma cells (BHT-101 and MB-1) when compared to 

the immortalized non-cancer thyroid cells (N-Thy-ori 3-1) (p<0.05) (Figure 4).  

Immunofluorescence staining and western blotting analysis were carried to 

check the expression of VEGF-A protein.  Overall, VEGF-A protein was also expressed 

differently in various types of thyroid carcinoma cells when compared to non-cancer 

thyroid cells (N-Thy-ori 3-1) (Figure 5. IA and IIA).  Overexpression of VEGF-A 

protein was noticed in papillary thyroid carcinoma cells (K1 and B-CPAP), metastatic 

papillary thyroid carcinoma cell (8505C) and undifferentiated thyroid carcinoma (BHT-

101 and MB-1) when compared to the immortalized non-cancer control (N-Thy-ori 3-

1). 

 

Modulatory role of miR-205 on expression of VEGF-A in thyroid cancer cell lines 

After confirmation of the presence of VEGF-A protein in various types of 

thyroid cancer cell lines by immunofluorescence staining confirmed by western blotting 

(Figure 5. IA and IIA), using confocal laser microscope and western blotting image 
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analysis, the role of exogenous miR-205 on expression level of VEGF-A and 

consequently modulation of angiogenesis were investigated.  Transfection with 5 μM of 

miR-205 mimic could significantly suppress expression levels of VEGF-A (Figure 5. 

IB, IIC, IIIC) relative to control or scrambled treated cells (Figure 5. IIB and IIIB).  

Transfected cell lines (K1, B-CPAP, 8505C, MB-1 and BHT-101) exhibited a 

significant down-regulation of VEGF-A protein expression when incubated with the 

anti-VEGF-A antibodies, with less fluorescence distributed in the cytoplasm in 

immunofluorescence images and a decrease of VEGF-A signal in thyroid cancer cell 

lines by western blotting after transfection (p<0.05) (Figure 5. IB, IIC, IIIC).  

Figure 8 (Figure 5 of paper 2) 
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Suppressive role of miR-205 in tumourigenicity in vitro 

To investigate the effect of exogenous miR-205 on proliferation of different 

thyroid cancer cells, after transfection with miR-205 mimic, cell proliferation was 

measured using MTS assay (Promega) (Figure 6. A).  A significant drop in cell 

proliferation of cancer cell lines after introduction of miR-205 mimic was noticed 

mainly in day 1 and day 2 after transfection. The proliferation of K1 (papillary thyroid 

carcinoma cell) was reduced significantly in day 3 to 15.7% ± 2.90 (Figure 6. AI) 

whereas proliferation of B-CPAP (papillary thyroid carcinoma cell with metastatic 

nature) showed the most significant drop after 2 days to 11.73% ± 2.69 (Figure 6. AII).  

Cell proliferation in 8505C (metastatic papillary thyroid carcinoma cell with 

undifferentiated appearance) was significantly decreased by day 3 to 23.51% ± 2.15 of 

control (Figure 6. AIII).  The significant role of miR-205 in inhibition of proliferation 

was also noticed in the undifferentiated thyroid carcinoma lines of the study (MB1 and 

BHT-101). It was observed that by day 3, MB-1 proliferation had dropped to 26.75% ± 

0.74 and BHT-101 showed a proliferation of 14.75% ± 1.44 by day 3 (Figure 6. AIV 

and V) (p<0.05).  

 

Role of miR-205 in cell cycle arrest and induction of apoptosis 

Following a noticeable drop in proliferation of all thyroid cancer cell lines, in 

particular within 2 days of the transfection, cell cycle analysis and apoptosis assay by 

flow cytometry were performed on day 2 of transfection to further investigate the 

suppressive role of miR-205 in proliferation of thyroid cancer cells in this study (Figure 

6. B and C). 
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Figure 9 (Figure 6 of paper 2) 
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Introduction of miR-205 mimic into papillary thyroid carcinoma (K1) showed a 

significant arrest and accumulation of cancer cells in the G0-G1 phase (3.68% ± 0.17) 

and a significant drop in S phase and G2-M phase after 48 hours (p<0.05) (Figure 6. 

BI).  At the same time, the percentage of early and late apoptosis events were 

significantly increased in the K1 cell line after 2 days of transfection with miR-205 

mimic, compared with mock transfected and un-transfected controls (35.63% ± 1.55) 

(Figure 6. CI).  

Mimic of miR-205 in metastatic papillary thyroid carcinoma cells (B-CPAP) 

demonstrated its anti-growth abilities with a significant arrest of cancer cells in G0-G1 

phase (6.4 % ± 0.64) and a significant drop in G2-M phase after 48 hours (p<0.05) 

(Figure 6. BII). Increased early and late apoptosis events in B-CPAP with miR-205 

mimic were also noticed after 2 days of transfection, compared with mock transfected 

and un-transfected controls (21.28 % ± 0.68) (Figure 6. BIII).  

The number of cells in the G0-G1 phase in 8505C (metastatic papillary thyroid 

carcinoma cell with undifferentiated appearance) transfected with miR-205 mimic was 

significantly increased by day 2 to 9.7 % ± 0.23 with a significant drop in S phase and 

G2-M phase while the early and late apoptotic features were also noticed to be increased 

significantly after 2 days of transfection compared to the mock transfected and un-

transfected controls (33.98 % ± 0.40) (p<0.05) (Figure 6 BIII and CIII).  Similar trends 

were detected in the undifferentiated carcinoma cell lines (MB-1 and BHT-101) with 

significant arrest in G0-G1 of 8.03% ± 0.15 and 4.9% ± 0.02 respectively while cells in 

the S phase and G2-M phase were also noticeably reduced (p<0.05) (Figure 6 BIV and 

BV).  Total apoptotic features of these two undifferentiated thyroid carcinoma lines 

(MB-1 and BHT-101) were also noticed increasing significantly up to 14.13 % ± 0.11 
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and 17.53% ± 0.36 respectively (Figures 6 CIV and CV). The schematic sample results 

of cell cycle analysis and apoptosis assay derived from the MUSE cell analyser 

instrument are presented in the Figure 7. 

Figure 10 (Figure 7 of paper 2) 
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Discussion 

 
As the most common endocrine malignancy, thyroid cancer is characterized by 

the hallmark of a highly angiogenic and lymphangiogenic type of cancer (Lam & Lo 

2006; Lam et al. 2005; Lam et al. 2000; Lang et al. 2006; Lo et al. 2006; Pillai et al. 

2015; Salajegheh et al. 2008; Sobin & Wittekind 2009).  These morphological 

characteristics make it a useful model to obtain in-depth understanding of molecular 

mechanisms involved in thyroid cancer angiogenesis and to develop the therapeutic 

paradigms of this disease.  In addition, thyroid cancer has different morphological types 

and variants of diverse biological behaviour (Lam & Lo 2006; Lam et al. 2005; Lam et 

al. 2000; Lang et al. 2006; Lo et al. 2006; Pillai et al. 2015; Salajegheh et al. 2008; 

Sobin & Wittekind 2009).  These different phenotypic types could be used to observe 

the effect of experimental manipulations on the different stages of thyroid cancers.  For 

instance, papillary thyroid carcinoma and in particular follicular variant have a relative 

indolent biological aggressiveness (Lam et al. 2006; Lang et al. 2006; Lo et al. 2006; 

Salajegheh et al. 2008).  On the other hand, undifferentiated thyroid carcinoma is one of 

the most biological aggressive cancers and patients with the cancer practically have no 

long-term survival (Lam et al. 2000).   

Angiogenesis, as an essential role-player in tumour survival and activation of 

quiescent endothelial cells of tumours, is the formation of new blood vessels from pre-

existing capillaries (Ramsden 2000; Nikiforova et al. 2009).  Vascular endothelial 

growth factor A (VEGF-A) has been shown as the most pivotal mediator of tumour 

angiogenesis in cancer, in particular thyroid cancer (Salajegheh et al. 2013).  It was also 

reported that there is a significant correlation between the expression of VEGF-A 

protein and cancer development/progression (Salajegheh et al. 2013). In the present 
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study, it was found the significant up-regulation of VEGF-A expression both in thyroid 

cancer specimens and in thyroid cancer cell lines when compared to normal samples. 

These findings implied that elevated expression of VEGF-A is necessary for thyroid 

cancer progression and invasion (Salajegheh et al. 2011; Salajegheh et al. 2013). Hence, 

anti-angiogenic agents to target VEGF-A could be useful for thyroid cancers with 

aggressive biological behaviour.  

microRNAs are endogenous single-stranded, non-coding RNAs.  They are gene 

regulators in multiple biological and metabolic processes and might be used as 

therapeutic agents for cancer (Amin & Lam 2015; Ebrahimi et al. 2014; Gopalan et al. 

2015; Gopalan et al. 2014; Maroof et al. 2014a; Maroof et al. 2014b).  miR-205 is a 

regulatory miRNA whose deregulation may influence initiation of cancer, progression, 

epithelial mesenchymal transformation (EMT) and metastasis (Vosgha et al. 2014).  

Also, miR-205 has dual functions.  It can play a role as an oncogene in malignancies 

such as lung cancer, bladder cancer, cervical cancer and head/neck carcinoma (Vosgha 

et al. 2014). On the other hand, it has been also shown to be down-regulated in breast 

cancer, prostatic cancer and glioma (Vosgha et al. 2014).  In the present study, we 

demonstrated for the first time the tumour suppressive role of miR-205 in thyroid 

cancer.  Expression of miR-205 was detected to be decreased in different types of 

thyroid cancer samples and cell lines.  

Our further investigation revealed that induced expression of miR-205 in thyroid 

cancer can significantly suppress VEGF-A expression at the protein level.  This finding 

was in concurrence with the finding in glioblastoma cell lines for a direct interaction 

between miR-205 and VEGF-A (Yue et al. 2012).  In the current study, we showed that 

transfection of a miR-205 mimic could significantly suppress the expression level of 
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VEGF-A relative to control or scrambled treated cells. This result for the first time in 

thyroid cancer indicates that VEGF-A is a direct target of miR-205 which could be 

inhibited through miR-205 binding to 3’-UTR of VEGF-A protein in thyroid cancer cell 

lines. 

The significant under expression of miR-205 in papillary thyroid carcinoma 

tissues of advanced T stages and pathological stages as well as the noticeable drop of 

miR-205 in the thyroid cancer cell lines of this study also suggests the potential tumour 

suppressive role of miR-205 in thyroid cancer.  In addition, results from cell 

proliferation assays, cell cycle analysis and apoptosis assays revealed that introduction 

of additional miR-205 to thyroid cancer cells can inhibit the growth of these cancer cells 

from 12% up to nearly 27% within the first few days. It is also determined that through 

miR-205 induction to thyroid cancer cell lines more cells significantly arrested at the 

G0- G1phase and the cell cycle and growth process also slowed down through reduction 

in S phase and G2- M phase cell populations. These findings in thyroid cancer were in 

concurrence with functional studies in other cancers demonstrating tumour suppressive 

role of miR-205 in certain cancer subtypes (Vosgha et al. 2014).  

The role of miR-205 in the process of apoptosis moderation was also 

demonstrated in this research.  A significant increase in the percentage of early and late 

apoptosis in all cancer cell lines of this study has been noticed after addition of the miR-

205 mimic. The finding of potential regulatory role of miR-205 in apoptosis in our 

thyroid cancer cell lines are in parallel to previously described role of this miRNA and 

its interaction with Bcl2 in prostatic cancer (Verdoodt et al. 2013). 

Thyroid cancer has different morphological subgroups.  In the current study, we 

noted that miR-205 had different expression levels in thyroid cancers of different types 
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or variants.  From the tissue and cell line analysis, primary thyroid cancer appeared to 

have more suppression of miR-205 expression when compared to metastatic thyroid 

cancer.  This difference in expression was noted in both papillary thyroid carcinoma and 

undifferentiated thyroid carcinoma.  Due to the known potential role of miR-205 in 

moderation of epithelial mesenchymal transition (EMT), our finding of noticeable under 

expression of miR-205 in primary cancer compared to metastatic cancer was in 

concurrence with this role in thyroid carcinoma, indicating a shift in these mechanisms 

following metastasis.   

 

Conclusion 

In conclusion, we detected for the first time the role of miR-205 in different 

thyroid carcinomas and its possible correlation and modulatory effect on the 

angiogenesis process in thyroid cancer.  We also demonstrated the tumour suppressive 

role of miR-205 in different thyroid carcinoma cell lines. Introduction of exogenous 

miR-205 (mimic) to thyroid carcinoma cell lines revealed inhibition of cancer cell 

growth and promotion of apoptosis.  
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This section of result chapter is submitted for publication. It consists of miR-205 

permanent transfection to investigate the constant effects of miR-205 on inhibition of 

angiogenesis and further invasion.  It showed the suppressive role of miR-205 in 

anaplastic thyroid cancer angiogenesis and progression for the first time and provided 

the fundamental information about the intimate correlation between miR-205 and 

VEGF-A and ZEB-1 in this type of cancer. 
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Abstract 

Anaplastic thyroid carcinoma is associated with rapid progression, therapy 

resistance and distant metastatic recurrence.  The aim of the current study is to evaluate 

the mechanisms of miR-205 in the pathogenesis of anaplastic thyroid carcinoma.  Using 

two different anaplastic thyroid carcinoma cells as a model system, we generated stable 

cell lines by permanent transfection of miR-205 expressing vector pCMV-MIR-205. 

Permanent overexpression of miR-205 significantly suppressed angiogenesis and 

epithelial-to-mesenchymal transition (EMT) processes through simultaneously targeting 

vascular endothelial growth factor A (VEGFA) and Zinc-finger E-box-binding 

homeobox 1 (ZEB1) in anaplastic thyroid carcinoma as shown by Western blot analysis 

and ELISA assay.  We also found that ectopic expression of miR-205 by pCMV-MIR 

led to a significant decrease in migratory and invasive ability of anaplastic thyroid 

cancer cells by performing wound healing and invasion assays.  We further noticed 

significant blockage of endo-tube formation of human umbilical vein endothelial cells 

(HUVECs) as a result of performing co-culture of HUVECs and transfected cancer 

cells.  Besides, inhibition of tumour growth, vascularization and invasion were also 

observed in mouse tumour xenografts derived from cells overexpressing miR-205.  

Taken together, our findings provide valuable insights into simultaneous regulatory role 

of miR-205 in anaplastic thyroid carcinoma by suppressing both VEGFA and ZEB1.  It 

might open avenues to exploit miR-205 as a new therapeutic strategy in anaplastic 

thyroid carcinoma in which angiogenesis and EMT are critical steps.     

 

Key words: miRNA-205, anaplastic thyroid carcinoma, angiogenesis, EMT, invasion  
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Introduction  

 Anaplastic thyroid carcinoma/undifferentiated thyroid carcinoma is one of the 

most aggressive and chemotherapy-resistant type of all thyroid carcinomas. The 

carcinoma often presents at advanced T stage as well as metastatic spread to regional 

lymph nodes and distant sites.   Most of the patients with anaplastic thyroid carcinoma 

died within a year of diagnosis (1, 2).  In the current World Health Organization (WHO) 

classification of endocrine tumours, it is acknowledged that the genetic and molecular 

profiles of anaplastic thyroid carcinoma is complex when compared with follicular 

thyroid carcinoma. The features are consistent with the aggressive nature of the disease 

(3).  Amongst these molecular changes, angiogenesis and epithelia-to-mesenchymal 

transition (EMT) have been demonstrated in the pathogenesis of anaplastic thyroid 

carcinoma (4, 5).   

Angiogenesis is a process referred to the development of new blood vessels that 

facilitates cancer growth and metastases (6).  In this process, hypoxia plays an important 

role in activating of proteins and pro-angiogenic factors involved (Figure 1A).  Vascular 

endothelial growth factor A (VEGFA), above all other known pro-angiogenic factors, 

induces sprouting of new blood vessels (7).  VEGFA is a principal regulator of 

angiogenesis is overexpressed in different types of thyroid carcinomas and is associated 

with pathological parameters and metastatic potential of the cancer (8).   

EMT has been shown as a well-known biological process which is crucial for 

tumour growth, invasion and successful metastatic spread (9).  This is one of the earliest 

stages of tumour progression, leading to the loss of epithelial-specific characteristics, 

cell-cell adhesions, gain of stem-like properties of cancer cells and migratory phenotype 

(10).  To date, a vast number of EMT inducer factors have been discovered including 
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ZEB1 (Zinc-finger E-box-binding homeobox 1), ZEB2 (Zinc-finger E-box-binding 

homeobox 2), and SNAIl (Snail family zinc finger 1) which can govern this mechanism 

through repression of epithelial markers like E-cadherin (11).  Interestingly, there is a 

link between angiogenesis and EMT-induced cancer cell stemness which can activate 

tumorigenicity and malignant transformation mechanisms (12).  Also, ZEB1 

overexpression correlated with increased formation of new blood vessels and 

tumorigeneses through inducing VEGFA expression (13).  Hypoxia is also one of the 

main inducers of EMT via up-regulation of SNAIl, ZEB1/2 and TWIST (Figure 1A) (9, 

14, 15).  

microRNAs (miRNAs) are small non-coding, single-stranded RNAs which have 

emerged as master gene expression regulators (16, 17).  Expression profiling has 

revealed that several miRNAs are aberrantly expressed or deleted in thyroid carcinomas 

and they can act either as tumour suppressors or oncogenes to induce carcinogenesis 

and metastasis (18).  

miRNA-205 (miR-205) is considered as one of miRNAs which is implicated in 

numerous signalling pathways in particular angiogenesis and EMT (19, 20).  Previous 

studies have shown that miR-205 plays a central role in tumour vascularisation as well 

as tumour invasion through targeting VEGFA and ZEB1 in cancers including melanoma, 

glioblastoma, ovarian and breast carcinomas (21-25) (Figure 1B, C).   

We have showed that introduction of miR-205 can be used as an anti-angiogenic 

method to inhibit VEGFA expression and tumour angiogenesis in thyroid carcinoma 

(26).  As there is resistant to current conventional therapies for anaplastic thyroid 

carcinoma, miRNA targeted therapy may offer hope to develop molecular therapeutic 
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approaches for patients with the cancer.  As a result of partial complementary, each 

miRNA has an ability to target and regulate multiple genes simultaneously (27).  

Therefore, the aim of current research is to take advantage of the capability of miR-205 

to impede angiogenesis and EMT mechanisms as two powerful events in the 

pathogenesis of thyroid cancer.  
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Methods 

Cell culture  

MB-1 (ACC638, from human anaplastic thyroid carcinoma) and BHT-101 

(ACC279, from human anaplastic thyroid carcinoma metastases in lymph node) were 

purchased from Deutsche Sammlung von Mikroorganismen und Zellkulturen, German 

Collection of Microorganisms and Cell Cultures (DSMZ, Braunschweig, Germany).  

MB-1 cancer cells were cultured in 80% Roswell Park Memorial Institute 1640 (RPMI 

1640), 20% fetal bovine serum (FBS) and 2 mM L-glutamine and BHT-101 cells were 

maintained in 80% Dulbecco's Modified Eagle Medium (DMEM), 20% FBS  and 0.5% 

human serum. Both media contained 100 U/ml penicillin and 100 µg /ml streptomycin.  

Cells were incubated in a humidified incubator with 5% CO2 and 37oC.  Cancer cells 

that were sub-cultured more than 5 times were excluded in this study and additionally, 

growth curve, cell morphology and absence of any mycoplasma contaminations were 

routinely monitored by an experienced scientist of the team to preserve the authenticity 

of cells.  

Cell transfection 

pCMV-MIR-205 expression vector (OriGene, Rockville, MD, USA) containing 

green fluorescent protein (GFP) as a report gene and the empty vector pCMV-MIR as a 

mock control vector were transfected using Lipofectamine 3000 (Life Technologies, 

Carlsbad, CA, USA) following the manufacturer’s instructions.  Briefly, 2 × 105 MB1 

and BHT-101 cells were seeded in 12-well plate to reach 70-90% confluency. DNA (1 

µg) - Lipofectamine 3000 (3 µl) complex was diluted in Opti-MEM reduced serum 

medium (Life Technologies), gently mixed and incubated for 5 minutes at room 

temperature.  A total of 100 µl of vector and lipofectamine was directly added to cells in 



 

Haleh Vosgha       School of Medicine     207 

 

a final volume of 1 ml per well. Cells were incubated for 24 hours and monitored under 

the fluorescent microscope to check the expression of GFP and transfection efficiency.  

Stable cell lines have been created using 600 µg /ml Geneticin® Selective Antibiotic 

(G418 Sulfate) (Thermofisher Scientific).  

RNA extraction and Quantitative Real-Time PCR (RT-PCR) 

Total RNA and miRNA from the MB1 and BHT-101 pCMV-MIR-205-

transfected cells, pCMV-MIR mock and un-transfected cells were extracted (RNeasy 

Mini Kit; Qiagen, Hilden, Germany).  cDNA was synthesised (Qiagen miScript Reverse 

Transcription kit) and RT-PCR was performed to estimate the expression of miR-205 in 

selected cancer cell lines as described previously (26, 28) (See the supplementary 

material).   

Western blot  

Cell lysate was produced and proteins were extracted.  Western blot tests were 

performed to analyse the protein expression of VEGFA, ZEB1, SNAI1 and E-cadherin 

(Supplementary material). 

Wound healing  

To determine cell migration ability, wound-healing assay was performed.  

pCMV-MIR-205-transfected cells, pCMV-MIR mock and un-transfected cells were 

cultured overnight.  After making the scratch by a p200 pipette tip, the wound area was 

measured within three days in transfected and control groups (Supplementary material). 
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Cell invasion assay 

MB1 and BHT-101 pCMV-MIR-205-transfected cells, pCMV-MIR mock and 

un-transfected cells were incubated in transwell inserts (Corning, NY, USA) coated 

with matrigel (ECM gel, Sigma-Aldrich). After 24 hours, the number of invading cells 

were calculated and compared in those groups (Supplementary material). 

ELISA assay 

The amount of VEGF protein concentration in extracellular medium (culture 

media) was measured by means of Human VEGFA-165 enzyme-liked immunosorbent 

assay (ELISA) novex kit (Life Technologies).   pCMV-MIR-205-transfected cells, 

pCMV-MIR mock and un-transfected cells were seeded at the density of 5×105 cells/ml 

into the 10 cm2 tissue culture dishes and incubated in hypoxic condition (1% O2) at 

37°C.  Culture media were then collected after 24, 48 and 72 hours and VEGF 

absorbance was quantified with a PolarStar Omega microplate reader (BMG Labtech, 

Ortenberg, Germany) at a wavelength of 450 nm and according to kit instruction.  

Tube formation assay 

Cancer cells (MB1 and BHT-101) were seeded in the transwell chambers 

(Corning, NY, USA) and incubated for 24 hours in hypoxic condition. HUVEC cells 

(Lonza, Basel, Switzerland) were suspended in VEGF-free media and added to each 

well pre-coated with matrigel (ECM gel, Sigma-Aldrich). The transwell inserts were 

transferred to the top of the HUVEC cells for overnight. After 24 hours’ incubation, 

HUVEC tube formation ability was measured and analysed (Supplementary material).  
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Tumour xenografts studies in mice  

In order to do xenograft studies, animal ethic approval was obtained from 

Griffith University Animal Ethics Committee in 2016 (MED/02/15/AEC).  Six to eight-

week old NU/NU nude mice were purchased and maintained in a well-ventilated cage 

and in accordance with Australian code for the care and use of animals for scientific 

purposes (29).  Approximately, 2×106 MB-1 pCMV-MIR-205-transfected cells, pCMV-

MIR mock cells and un-transfected cells and 2×106 BHT-101 pCMV-MIR-205-

transfected cells, pCMV-MIR mock and un-transfected cells were suspended in cell 

media and matrigel (1:1).  According to the Guidelines for the welfare and use of 

animals in cancer research and power calculator suggested in British Journal of cancer 

in 2010 (30), the power was set to 80% to produce significant results.  Based on 

possible variations in the formation of new blood vessels within 3 experimental groups 

7 mice were entered into each group.  Cells were subcutaneously injected into the flanks 

of nude mice. Tumour growth was monitored and measured with a calliper ruler at 

different time points. Tumour volumes were also calculated using the formula: (width) 2 

x length x 1/2.  After 28 days and when progressive tumour growth was evident 

euthanasia was performed.  Resected tumour tissues were weighted (grams) and 

immersed in formaldehyde for paraffin embedding, sectioning and 

immunohistochemical staining.  

Immunohistochemical staining 

Resected tumour tissues were fixed with 4% paraformaldehyde and paraffin-embedded.   

Tissues were cut in 4 μm thick and haematoxylin–eosin (H&E) staining was produced, 

and slides were examined by the pathologist of the team (AKL) to confirm the 

morphological features of the cancer lesions.  Immunostains were done using automated 
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immunohistochemistry stainer (BOND-MAX, Leica Biosystems, Mt Waverly, VIC, 

Australia).   Immunostaining was performed to evaluate processes of proliferation 

(Ki67, DAKO [Agilent Technologies, Santa Clara, CA, USA], 1:300), epithelial-

mesenchymal transition (E-Cadherin, Novocastra [Leica Biosystems] 1:100) and 

endothelial cells formation (CD34, DAKO [Agilent Technologies], 1:200) in cancer 

tissues in the animals.   

The Ki67 positive staining, the expression of E-cadherin and CD34 were analysed using 

ImageJ software (Version 1.51; Rasband, W.S., ImageJ, U. S. National Institutes of 

Health, Bethesda, Maryland, USA).   

Micro-vessel density quantification (MVD) 

Tumour-associated vessels formation was examined on samples stained with 

CD34 as the marker of endothelial cells.  Assessment of micro-vessel density (MVD) in 

anaplastic thyroid carcinoma was performed by light microscopy. Positive staining of 

CD34 in endothelial cells was examined and identified by the pathologist of the team 

(AKL), and number of endothelial tubes formed in the tumour tissues were calculated 

and determined by counting five high-power (×40) fields of the highest vascular 

density.  MVD was expressed as the mean value of the micro-vessels counted in sum of 

those fields.  We also considered any stained endothelial cell or clusters of endothelial 

cells separated from other micro-vessel structures as a countable micro-vessel. 

Data Analysis 

All experiments and assays were repeated in triplicate and for statistical analysis 

of the results, data retrieved from miRNA and protein expression and values measured 

by different imaging software and instruments described were entered into SPSS 

software (Version 24; IMB Corp. NY, USA) for statistical analysis and Prism 3 
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GraphPad software (La Jolla, CA, USA) for graphs and charts demonstration.  Final 

normalised data were analysed using paired and independent t-tests and analysis of 

variance, ANOVA, (using Bonferroni and LSD correction).  The significance threshold 

was taken at p ≤ 0.05.  Finally, experimental results were demonstrated as mean values 

± SEM.       
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Results 

Stable expression of miR-205 precursor in anaplastic thyroid carcinoma cell lines 

After successful transfection of pCMV-MIR-205 expression vector and the 

empty vector pCMV-MIR, the level of miR-205 expression was evaluated by 

performing qRT-PCR.  The significant overexpression of miR-205 was observed in both 

anaplastic thyroid carcinomas (MB-1 and BHT-101) when compared with mock 

transfected and un-transfected cancer cell lines (p<0.05) (Figure 1D, E).  This result 

confirmed the permanently ectopic expression of miR-205 in MB-1 and BHT-101 

cancer cells.  

 

miR-205 potentially acts against malignant angiogenesis and invasion in anaplastic 

thyroid carcinoma cell lines  

Following confirmatory qRT-PCR experiment to show the ectopic expression of 

miR-205, Western blotting was performed to check the expression of VEGFA as a 

major angiogenic growth factor in cancer cell lines (Figure 1F, K).  The pCMV-MIR-

205-transfected MB-1 and BHT-101 thyroid carcinoma cells illustrated a dramatic 

down-regulation of VEGFA expression (p<0.05) (Figure 1G, L).  

It was also observed that overexpression of miR-205 led to significant reduction 

of ZEB1and SNAI1 expression in MB-1 and BHT-101, respectively (p<0.05).  

Furthermore, we found that E-cadherin expression has been up-regulated after miR-205 

transfection in both anaplastic thyroid carcinomas when compared with pCMV-MIR 

mock and un-transfected cancer cells (p<0.05) ((Figure 1F-O).  These results reflect that 

miR-205 could be used as an anti-angiogenic method by targeting VEGFA as well as 
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inhibit thyroid cancer cells invasion and metastasis by modulating EMT markers such 

as ZEB1, SNAI1 and E-cadherin.  

 
 

 
 

Figure 11 (Figure 1 of paper 3) 

Figure 1. miR-205 targets VEGFA and ZEB1 and potentially other cross-talking EMT markers.  (A) 

Schematic diagram of hypoxic-induced angiogenesis and EMT and potential role of miR-205 in inhibition 

of vascularization and invasion by targeting VEGFA and ZEB1.  (B, C) Schematic diagram illustrating 

predicted target sites of miR-205 within the 3’UTR of VEGFA and ZEB1. (D, E) Normalised relative 

expression of mir-205 by performing qRT-PCR to confirm over-expression of miR-205 after permanent 

transfection of anaplastic thyroid cancer cell lines (MB-1 and BHT-101) with pCMV-MIR-205 vector 

(p<0.05). (F) Protein level of VEGFA, ZEB1, E-cadherin and SNAIl was evaluated by Western blot. (G-J 

and L-K) Significant down-regulation of VEGFA, ZEB1 and SNAIl and elevated expression of E-

cadherin as a result of over-expression of miR-205 was noted in both transfected cancer cell lines (MB1 

and BHT-101) when compared to negative controls. Βactin was used a housekeeping control (p<0.05). 
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miR-205 profoundly suppresses human VEGFA secretion and endothelial tube 

formation ability 

Taking advantage of Human VEGFA-165 ELISA kit, we determined the 

inhibitory effect of miR-205 expression on VEGFA production in anaplastic thyroid 

cancer cell culture media.  Within three-days incubation of MB-1 and BHT-101 pCMV-

MIR-205-transfected cells, pCMV-MIR mock and un-transfected cells in hypoxic 

condition, the expression of soluble forms of VEGFA was gradually reduced 36% and 

%30 by day three (p <0.05).  This indicates that permanent miR-205-transfected cancer 

cells released significantly lower level of VEGFA in culture media compared to control 

cell lines (Figure 2A).  

Given that our previous data shows miR-205 can target VEGFA (26) and 

following the significant reduction of VEGFA secretion in MB-1 and BHT-101 thyroid 

cancer cell culture media, we further determined a potentially anti-angiogenic role of 

miR-205 using co-culture system and HUVEC tube formation assay in vitro.  As shown 

in Figure 2B, depletion of VEGFA expression as a result of stable transfection of the 

miR-205 precursor in thyroid carcinoma cell lines significantly repressed HUVEC tube 

formation ability when compared with mock transfected and un-transfected cancer cell 

lines (p<0.05). 42% and 49% decrease in total loop numbers were observed in miR-205 

transfected MB-1 and BHT-101 cells when compared to mock transfected and un-

transfected controls, respectively.  Similar significant trends were also noticed in 

number of branching points. Co-cultured HUVEC with two anaplastic thyroid 

carcinoma cell lines (MB-1 and BHT-101) overexpressing miR-205 showed 

significantly less number of branching points in comparison with mock transfected 

groups and un-transfected cancer cell lines (p<0.05) (Figure 2C, D).  
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Figure 2. Up-regulation of miR-205 diminishes VEGFA secretion and endothelial tube formation.  (A) Ectopic expression of miR-205 

significantly reduces secreted levels of VEGFA in miR-205 transfected MB-1 and BHT-101 cancer cells culture media collected after 72-hour incubation in hypoxic condition 

(p<0.05). (B) HUVECs endotube formation is decrease 

d in the presence of miR-205 expressing MB-1 and BHT-101 cancer cells when compared to un-transfected and mock cancer cells. (C, D) Quantitative analysis of the morphological 

tube formation parameters was evaluated. Total loop numbers and branching points were significantly reduced in HUVECs co-cultured with miR-205 expressing MB-1 and BHT-

101 cancer cells compared to untreated cancer cell lines (p<0.05).   

Figure 12 (Figure 2 of paper 3) 
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Reduction of migration ability of cancer cells by miR-205 

The effect of miR-205 on tumour migration was assessed and quantified using a 

scratch wound healing assay.  Those miR-205 transfected cells as well as control cancer 

cells were seeded on 6-well plate and grown in standard complete growth media to 

reach 80% confluency.  After making a scratch on each confluent cell monolayer and 

replacing the complete media to 1% FBS-media, the open wound area was monitored 

within three days. The results demonstrated that miR-205 could noticeably suppress 

MB-1 cancer cell mobility when compared to the mock vector-transfected and un-

transfected cells (p <0.05) (3A, B).  Also, migration ability of BHT-101 cancer cells 

showed a significant drop after three days (p <0.05) (Figure 3C, D).  

 

Permanent transfection of miR-205 inhibits the invasive characteristic of cancer 

cells 

As invasion through the extracellular matrix is a vital stage in tumour metastasis, 

the invasiveness of cancer cells was evaluated using a transwell chamber invasion 

assay.  For this purpose, we cultured cancer cells on transwell inserts with 8-µm pore 

size and illustrated the anti-invasive role of miR-205 in cancer cells.  As shown in 

Figure 3E, F, overexpression of miR-205 noticeably attenuates the number of invading 

pCMV-MIR-205-transfected cells compared with pCMV-MIR mock and un-transfected 

cells in MB-1 cancer cell line (p <0.05).  Similar significant results were noticed in 

BHT-101 pCMV-MIR-205-transfected cells in comparison with control cancer cell lines 

(p <0.05) (Figure 3G, H).   
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Figure 3. Over-expression of miR-205 inhibits invasive 

characteristics of anaplastic thyroid cancer cells.  (A-D) Wound healing assay showed that elevated 

expression of miR-205 significantly hindered wound closure area within three days in MB-1 and BHT-

101 (p<0.05).  (E-H) Invasion assay was utilised to confirm anti-invasive role of miR-205. Ectopic 

expression of miR-205 in transfected MB-1 and BHT-101 cancer cell lines significantly inhibited the 

number of invaded cells as compared with control cells (p<0.05). 

Figure 13 (Figure 3 of paper 3) 
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Elevated expression of miR-205 suppresses angiogenesis, invasion and tumour 

growth in vivo 

We investigated whether ectopic expression of miR-205 in anaplastic thyroid 

cancer cell lines affects tumour angiogenesis, growth and EMT in-vivo. MB-1 and 

BHT-101 cancer cells stably overexpressing miR-205 showed slower growth when 

compared with controls.  In four weeks after injection, animals with miR-205 expressing 

tumour showed approximately 40% smaller volume of the tumour than control (Figure 

4A-E).  At the end point of the in-vivo experiment, weight of removed lesions was 

measured.  MB-1 cancer lesions with pCMV-MIR-205 showed %50 significant weight 

reduction and BHT-101 overexpressing miR-205 was presented %55 lower in 

comparison to control and mock groups (p<0.05) (Figure 4F).   

To explore tumour suppressive role of miR-205 in angiogenesis, growth and 

EMT/invasion in-vivo, removed cancer lesions were examined by 

immunohistochemistry. The expression of selected proteins representing angiogenesis 

changes (CD34), EMT characteristics (E-Cadherin) and malignant proliferation (Ki67) 

were evaluated.   Significant down-regulation of CD34 as an evidence of lower 

vascularization in transfected tumour xenografts confirmed the anti-angiogenic potential 

of miR-205 (p<0.05) (Figure 5 A).  This result exhibited a significantly reduced 

microvascular density (MVD) in MB-1 and BHT-101 tumours with miR-205 compared 

to those from control and mock (p<0.05) (Figure 5 B, C).  Additionally, a comparison of 

the E-cadherin staining in tumour xenografts showed significantly higher expression of 

this epithelial marker in those tumours overexpressing miR-205 overexpression 

(p<0.05) (Figure 5D, E, F).  Finally, both MB-1 and BHT-101 lesions transfected with 
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miR-205 showed approximately 52% drop in nuclear staining of Ki67 (p<0.05) (Figure 

5G, H, I), which is in concordance with lower tumour weight results presented 

previously.  

 

 

 

Figure 4. miR-205 impedes the growth of MB-1 and BHT-101 

thyroid tumour in-vivo.  (A, B) Comparison of samples of MB-1and BHT-101 miR-205 transfected, mock 

and control xenografts are shown. (C) Samples of implanted xenografts after 28 days of proliferation. 

Lesion sizes and vascularised appearance differences were noticeable in miR-205 treated and control 

groups. (D, E) Lesion volumes were measured in mm3over time (4 weeks) and significant reduction of 

tumour volume was noted in both miR-205 transfected xenografts. (F) Noticeable drop in average tumour 

weight of miR-205 expressing thyroid cancer cell lines (MB-1 and BHT-101) was noted in comparison 

with mock and control (p<0.05).  

Figure 14 (Figure 4 of paper 3) 
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Figure 5. High level of miR-205 is associated with less angiogenic 

and invasive properties of anaplastic thyroid carcinoma in-vivo. (A-C) Immunostaining of CD34 indicated 

significant reduction of micro-vessel density (MVD) in miR-205 expressing MB-1and BHT-101 

xenografts compared to mock and control. (D-F) Significant overexpression of membranous E-Cadherin 

in in miR-205 transfected MB-1and BHT-101 xenografts reflected the role of miR205 in reduction of 

EMT and invasive morphology of anaplastic thyroid carcinoma. (G-I) Significant reduction of Ki-67 

expression, as a proliferation marker in MB-1 and BHT-101 expressing miR-205, showed the tumour 

suppressive role of miR-205 in thyroid tumour xenografts. 

Figure 15 (Figure 5 of paper 3) 
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Discussion  

    The leading cause of mortality in patients with anaplastic thyroid carcinoma is 

mainly linked to its metastatic and invasive characteristics (31).  Therefore, this study 

investigated the simultaneous suppression of angiogenesis, proliferation and invasion of 

this aggressive tumour through microRNA which can be later utilised for cancer 

treatment. 

microRNAs are small non-coding RNAs which have y received attention as 

regulators of cancer invasion (32).  Base pair complementarity between miRNA and 

their targets leads to post-transcriptionally gene regulation either through mRNA 

degradation or translation inhibition (33). Expressed in different tissues and cell types, 

miRNAs are involved in regulation of almost every molecular and biological process, 

and their aberrant expressions have been detected in various human cancers.  Therefore, 

they can be contributed to cancer initiation, progression and metastasis as a tumour 

suppressor or an oncogene (34). 

We have first reported the modulatory angiogenic function of miR-205 in 

thyroid carcinoma through regulation of VEGFA (26).  Also, miR-205 expression was 

significantly reduced in different thyroid cancer cells when compared to non-neoplastic 

thyroid cell line, showing the tumour suppressive role of miR-205 in thyroid carcinoma 

(26).  Our previous findings indicated that the level of miR-205 expression has notably 

down-regulated in papillary thyroid carcinoma, follicular thyroid carcinoma and 

anaplastic thyroid carcinoma when compared to non-neoplastic thyroid tissues.  Located 

in chromosome 1q32.2, microRNA-205 (miR-205) is one of the well-studied miRNAs 

which can be over-expressed or down-regulated based on the cell type and its targets.  

Its dual function as a tumour suppressor or an oncogene postulates that miR-205 has an 
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effective role to induce or repress tumorigenesis through regulation of numerous 

signalling pathways such as angiogenesis, cancer cell apoptosis, proliferation, and EMT 

(20, 26). Various genes can be targeted by miR-205 including VEGFA, ZEB1, BCL2 (B-

cell lymphoma 2), E2F1 (E2F transcription factor 1) and HER2 (receptor tyrosine-

protein kinase-2) which can modulate different mechanisms.  miRNAs only require to 

be partially complementary to their targets as a result of imperfect base-pairing. 

Therefore, our research utilised this property of miR-205 to halt angiogenesis and EMT 

of anaplastic thyroid carcinoma through targeting VEGFA and ZEB1.   

VEGFA is an essential inducer of tumour angiogenesis in many types of cancers 

particularly in thyroid carcinoma (8, 35).  Overexpression of VEGFA and its receptor 

have been reported in a variety of tumours such as thyroid, skin, breast, lung and 

oesophageal cancers, etc. (28, 35-38).  Due to the highly angiogenic and 

lymphangiogenic characteristic of thyroid carcinoma, there have been several targeted-

therapy approaches to hinder angiogenesis mechanism and metastasis specifically.  For 

the first time, in this study, we have shown that miR-205 acts as one of the key 

regulators of multiple malignant mechanisms in anaplastic thyroid carcinoma.  This was 

evidenced when permanent over-expression of miR-205 resulted in significant reduction 

in production of VEGFA, a noticeable drop in vascular formation in-vitro and 

microvascular density in-vivo.  Similar results showing the role of miR-205 in targeting 

VEGFA and angiogenesis have been reported previously in other cancers (23, 39).   

However, the current anti-angiogenic drugs, Bevacizumab and Sorafenib, are not able to 

significantly reduce the progression of anaplastic thyroid carcinoma.  They also have 

several side effects including cardiovascular toxicity and dyspnea (40).  In addition, 

anaplastic thyroid carcinomas often show drug resistance to conventional therapy (41).   
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miR-205 is potentially able to reduce the speed of proliferation and growth in 

different thyroid cancer cell lines (26).  In this study, we further validated and enhanced 

those results demonstrating a significant reduction in size and weight of anaplastic 

thyroid carcinoma in tumour xenograft derived from miR-205 expressing stable cell 

lines.  Although there have been multidisciplinary thyroid cancer therapies including 

surgery, chemotherapy, radiation therapy and combination treatments, the majority of 

patients with anaplastic thyroid carcinoma can be survived for only a few months, and 

their survival rate has not significantly changed (40).  Therefore, miR-205 reflected its 

high capability as a promising anti-angiogenic and anti-proliferative strategy in 

anaplastic thyroid carcinoma.  

Angiogenesis as one of the crucial stages of tumour metastasis has been 

correlated with aggressiveness, invasiveness and lower survival rate of different cancers 

such as thyroid carcinoma (26, 28).  Tumour metastasis is an angiogenesis-dependent 

mechanism and any strategy to block angiogenesis could be a potential method to stop 

cancer progression (42).  In the current study, we linked miR-205 to invasive behaviour 

of anaplastic thyroid carcinoma in two different cell lines.  First, we confirm a 

significant reduction in the migratory characteristic of anaplastic thyroid carcinoma in 

generated miR-205 stable cell lines compared to the control.  This result was further 

supported by performing invasion assay indicating decreased number of invasive cells 

transferred through transwell membrane due to miR-205 overexpression.  These data are 

consistent with previous studies showing an anti-invasive and anti-migratory role of 

miR-205 in breast and colon cancer (43, 44). 

Numerous studies suggest that epithelial-to-mesenchymal transition (EMT) is 

strongly associated with thyroid carcinoma progression and metastasis (12, 31, 45-47).  
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As an initiator of cancer metastasis, EMT is closely linked to down-regulation of E-

cadherin which is a key cell-cell adhesion molecule as well as over-expression of 

several transcription factors including ZEB1, ZEB2, SNAI l and Slug (9).  It has been 

reported that anaplastic thyroid carcinoma showed the reduced expression of E-cadherin 

and high expression of ZEB1 which is connected to the invasiveness and metastatic 

properties of anaplastic thyroid carcinoma (45).  

  To further investigate the inhibitory function of miR-205 in migration and 

invasion of anaplastic thyroid carcinoma, expression of ZEB1, a target of miR-205, and 

consequently its downstream E-cadherin were assessed and compared in miR-205 

transfected and control cell lines.  Expression of SNAIl which is one of the EMT 

regulators and has an interaction with ZEB1 was also checked in those cell lines.  Those 

transfected anaplastic thyroid carcinoma cell lines overexpressing miR-205 showed a 

significant reduction of ZEB1 and SNAIl and an increased expression of membranous 

E-Cadherin when compared to control anaplastic cells.  Reduction of these EMT 

markers, ZEB1 and SNAIl and increase in adhesion molecule E-Cadherin as a result of 

overexpression of miR-205 in anaplastic thyroid carcinoma add confirmatory evidence 

to proposed anti-invasion role of miR-205 in anaplastic thyroid carcinoma derived from 

migration/invasion assays.  Further evidence was added from in-vivo studies, where 

tumour-expressing miR-205 showed less invasive characteristics.  This included more 

accumulation of organised epithelial cells, less mitotic/necrotic features and spindle-

shaped appearance.  

 Due to the limitation of xenograft study model, invasive cell lines are poorly 

metastatic in animal models, and injection of cell lines into the blood stream seems to 

be unrealistic or unrepresentative to the nature and morphological needs of real 
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metastasis (48).  Likewise, neither MB-1 nor BHT-101 with extremely invasive 

characteristics showed any metastasis to distance locations.  It can be concluded that a 

shift of transition is taking place due to an increase of miR-205 and decrease of ZEB1 

where the mesenchymal morphology is changing towards epithelial pattern known as a 

mesenchymal-to-epithelial transition (MET).  These findings are in concordance with 

previous studies in breast cancer where down-regulation of miR-205 was correlated with 

overexpression of ZEB1/2 and poor patient survival (21, 24). 

 In conclusion, our data for the first time demonstrated that elevated miR-205 

regulates two hallmarks of anaplastic thyroid carcinoma, angiogenesis and EMT, 

through targeting VEGFA and ZEB1 in-vitro and in-vivo.  The high level of miR-205 is 

associated with less biological aggressive features of anaplastic thyroid carcinoma, 

suppressing thyroid cancer cell growth and invasion.  Hence, our functional analysis of 

miR-205 suggests that targeting multiple pathways via partial matches between miR-205 

and its targets can be employed for development of miR-205-based therapeutic agent 

against angiogenesis and EMT in anaplastic thyroid carcinoma.  
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Supplementary Material 

1. RNA extraction and Quantitative Real-Time PCR 

Total RNA and miRNA extraction from the MB1 and BHT-101 pCMV-MIR-

205-transfected cells, pCMV-MIR mock and un-transfected cells were performed by 

using RNeasy Mini Kit (Qiagen, Hilden, Germany) according to the manufacture’s 

protocol.  1 µg RNA was used in cDNA synthesis procedure by Qiagen miScript 

Reverse Transcription kit.  All sample preparation and quality evaluation were 

performed according to suggested Qiagen protocol.  To estimate the expression of miR-

205 in transfected cancer cell lines, miR-205 primer (Hs_miR-205_1 miScript Primer 

Assay) and RNU6B RNA (Hs_RNU6B_2 miScript Primer Assay) as an internal control 

gene were obtained from Qiagen.  

IQ5 Multicolour Real-Time PCR detection system (Bio-Rad, Hercules, CA, 

USA) was used for Real-time quantitative PCR (RT-PCR).  PCR was done in triplicate 

for all the samples and accompanied by a non-template control.  A PCR reaction 

mixture (20 µl) contained 10 µl QuantiTect SYBR Green PCR Master Mix (Qiagen), 1 

µl of miScript Universal Primer (Qiagen), 1 µl miScript Primer Assay (Qiagen), 4 µl of 

cDNA template at 2 ng/ml concentration and 4 µl of RNase-free water.  After initial 

denaturation at 95oC for 15 minutes, amplification and detection were executed in 40 

cycles of 15 s at 94oC, 30 seconds at 55oC and 30 seconds at 70oC.  Fold change 

calculation was recruited to assess the expression changes.  

2. Protein extraction and Western blot analysis 

Cell Lysis Buffer NP40 (Sigma-Aldrich, St Louis, MO, USA) accompanied with 

fresh phenylmethylsulfonyl fluoride at 1 mmol/L was utilised to do total cell lysates 
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collection and protein extraction.  Protein concentration was measured (Protein 

quantification assay Macherey-Nagel GmbH & Co. KG, Düren, Germany) and 30 μg of 

extracted protein from cell lysates were run and separated on a 4% to 15% precast 

polyacrylamide gel (Mini-PROTEAN TGX Precast Gel; Bio-Rad).  The proteins were 

then transferred onto polyvinylidene difluoride membranes (Trans-Blot Turbo Mini 

PVDF Transfer Packs; Bio-Rad) using the blotting instrument (Trans-Blot Turbo 

Transfer Starter System; Bio-Rad).  Blocking of the membrane was performed using 5% 

milk in Tris-buffered saline and Tween 20 (120 mmol/L Tris-HCl, pH 7.4, 150 mmol/L 

NaCl and 0.05% Tween 20) for 1 hour at room temperature.  The membrane was 

incubated with VEGFA primary antibody (sc-152, a rabbit polyclonal antibody, 1:100 

concentration),  ZEB1 (sc-81428, a mouse monoclonal antibody, 1:200 concentration),  

E-cadherin (sc-7870, a rabbit polyclonal antibody, 1:200 concentration) by Santa Cruz 

(Santa Cruz Biotechnology, Dallas, TX, USA) and SNAl1 (21-35, a rabbit polyclonal 

antibody, 1:500 concentration) by Sigma-Aldrich overnight at 4°C.  

After three times washing with TBST, the membrane was incubated with the 

secondary antibody conjugated to horseradish peroxidase for 1 hour.  Signals from 

HRP- coupled polyclonal secondary antibodies were developed using the Western 

Lighting Plus-ECL substrate (Bio-Rad) with glyceraldehyde 3-phosphate 

dehydrogenase as a loading control.  Image analysis software, ImageStudio (LI-COR, 

Cambridge, UK) was used for image analyses and densitometry measurement.  

3. Wound healing  

Briefly, 3×105 pCMV-MIR-205-transfected, pCMV-MIR mock and un-

transfected cells were seeded in a 6-well plate and allow reaching 80% confluency.  
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After 24 hours incubation, a thin disposable p200 pipette tip was used to make 

scratches.  Cells were gently washed by 1X phosphate buffer saline (PBS) two times 

and then incubated with media containing lower fetal bovine serum (FBS) (5%) to 

confirm that the final results are based on the migratory role of cancer cells, not their 

proliferation.  The images of wound areas were captured after 24, 48 and 72 hours by an 

inverted microscope 10X magnification.  Three different fields per each well were 

selected randomly and captured.  The mean wound area between one side of scratch to 

the other side was calculated and analysed using ImageJ software (Version 1.51; 

Rasband, W.S., ImageJ, U. S. National Institutes of Health, Bethesda, Maryland, USA, 

http://imagej.nih.gov/ij/, 1997-2016).  

4. Cell invasion assay 

Transwell inserts with an 8-µm pore size and 6.5-mm polycarbonate membranes 

(Corning, NY, USA) were coated with 0.3 mg/ml matrigel (ECM gel, from Engelbreth-

Holm-Swarm mouse sarcoma, Sigma-Aldrich) diluted in 50 μl serum-free media and 

allowed to form a thin gel layer for 3 hours at 37°C.   2×105 pCMV-MIR-205-

transfected cells, pCMV-MIR mock and un-transfected cells in 100 μl serum-free media 

cells were seeded into the upper compartment of the transwell chambers, while 650 μl 

complete media was added to the lower chambers.  Plate was incubated for 24 hours at 

37°C and those cells were invaded to the bottom of the transwell inserts were fixed with 

3.7% formaldehyde and stained with 0.4% crystal violet (Sigma-Aldrich).  Non-

invasive cells were removed using cotton swab very gently.  The images of five random 

locations from three replicates of each transwell insert were captured using 10X 

magnification of microscope.  The mean number of invasive cells for each condition 

was then measured and calculated using ImageJ software.  
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5. Tube formation assay 

Transwell cell culture chambers (Corning, NY, USA) that contain polycarbonate 

filters (4 μm pore size; 0.33 cm2 area) were used for co-culture assay with a human 

umbilical vein endothelial cells (HUVEC; Lonza, Basel, Switzerland) and cancer cells.  

Endothelial Growth Medium-2 (EGM-2) media diluted growth factor reduced matrigel 

(ECM gel, from Engelbreth-Holm-Swarm mouse sarcoma, Sigma) without VEGF at a 

final concentration of 1 mg/ml.  The 24-well plate was evenly coated with150 μl chilled 

matrigel per well, placed at room temperature for 30 minutes and then transferred to 

37°C for another half an hour to allow gel formation.  Cancer cells with the density of 

1×105/ml were seeded into the transwell inserts (upper chambers) and incubated for 24 

hours at hypoxic condition (1% O2). 3×104 HUVEC cells were suspended in 500 μl 

VEGF-free media and added to each well pre-coated with matrigel (lower chambers) in 

triplicate.  Then the transwell inserts were transferred to the top of the HUVEC cells for 

overnight.  After incubation, the tube formation ability of endothelial cells was imaged 

using an inverted microscope 4X magnification. Wimasis WimTube (Wimasis GmbH 

Munich, Germany) software was employed to analyse the number of loops and number 

of branching points.    
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Chapter 6 Discussion 



 

Haleh Vosgha       School of Medicine     235 

 

6.1 Discussion 

Thyroid carcinoma is classified as the most common type of endocrine malignancies 

with an increasing 2,100 new cancer patients every year. Australia also faces an 

increasing trend for this type of malignancy (175). There are a various degree of thyroid 

cancers ranging from benign differentiated (non-invasive) to undifferentiated thyroid 

carcinoma (invasive). Due to these range of lesions, thyroid carcinomas represent a 

suitable model for studying cancer development in epithelial cells (279). Papillary and 

follicular thyroid carcinomas are the most common types of thyroid tumours, whilst 

anaplastic thyroid carcinomas are infrequent types but highly fatal. Moreover, as a 

highly vascularised gland, thyroid malignancies with poorly differentiated and 

anaplastic carcinomas have recurrent or metastatic disease that is lethal (280). Small 

number of cancer cells within the lesion, known as stem-like cells, is identified for their 

role in angiogenesis, development of resistance to treatment and metastatic nature of 

cancer (19). 

Tumour angiogenesis which is characterized by the formation of new network of blood 

vessels is essential for tumour growth and progression (281). Tumour metastasis and 

invasion as a hallmark of malignancy is highly dependent to the angiogenesis process. 

Angiogenesis is a multistep mechanism which can provide a route for cancer cells to 

travel to the other organs. Also, angiogenesis supplies oxygen and nutrients as well as 

removing metabolic waste from the tumour. Regulation of angiogenesis can be 

controlled by positive and negative regulatory factors. Among a series of angiogenic 

stimulators, vascular endothelial growth factor-A (VEGF-A) is a central member of 

VEGF family which acts as a proangiogenic factor to induce vascular permeability, 

endothelial cell proliferation and migration and eventually vascular tube formation 
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(282). VEGF-A is an integral inducer of tumour angiogenesis in many types of cancers 

and its over-expression has been also reported in a variety of tumours including breast, 

colorectal, lung, renal and thyroid cancers (15). Therefore, VEGF-targeted therapy to 

block new blood vessels growth and subsequently starve cancer cells from oxygen and 

nutrients could be considered as a cancer therapeutic method. Bevacizumab (Avastin, 

Genentech) is the first VEGF-targeted agent which is a recombinant humanized 

monoclonal antibody designed to target VEGF-A and block angiogenesis signalling 

pathway and blood supply. Patients with metastatic colorectal cancer (CRC) showed 

clinical benefits of this drug when combined with chemotherapy. However, patients 

with undifferentiated thyroid carcinoma in most cases have shown drug resistance and 

several side effects including cardiovascular toxicity and dyspnea (283). Taken together, 

adverse side effects and developing adaptive resistance to this kind of drug reflects the 

importance of finding new anti-angiogenic therapy.   

Besides, numerous studies suggest that epithelial-to-mesenchymal transition (EMT) is a 

process by which a polarized epithelial cell undergoes multiple biochemical changes 

that causes it to adapt a mesenchymal cell phenotype (284). As a result, cells will gain 

elevated migratory capabilities, higher degree of resistance to apoptosis and acquire 

highly invasive and metastatic properties. As an initiator of tumour progression, EMT is 

associated with tumour metastasis and increases stem-like properties of cancer cells. 

There are several transcription factors such as ZEB-1/2, SNAI1 and Slug which can 

induce EMT through repression E-cadherin. Over-expression of ZEB-1/2 and down-

regulation of E-cadherin were found in several cancers like pancreatic and thyroid 

carcinomas, leading to their highly invasive and metastatic properties (285). 

Angiogenesis has been also found to be linked to EMT-induced cancer cell stemness 
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which is essential for tumour initiation and metastasis. Some studies have demonstrated 

that there is a cross-talk between VEGF-A and couple of EMT markers such as ZEB-1, 

showing that angiogenesis and EMT are required for efficient tumourigenicity (20). 

Therefore, finding an alternative method to block different targets and mechanisms 

involved in cancer development and progression might be more helpful in cancer 

therapy.  

microRNAs (miRNAs) - short non-coding RNAs- are an epigenetic class of gene 

regulators whose aberrant or deleted expressions have been associated with various 

malignancies through affecting several mechanisms such as cell proliferation, 

angiogenesis, metastasis and EMT (22). Throughout the past decade, understanding 

about the regulatory role of miRNAs in gene expression has broadly shed light on 

cancer biology. In normal conditions, microRNAs are involved in regulation of several 

processes including cell proliferation, differentiation, apoptosis and growth. They are 

acting as a negative regulator of their target gene expressions at the posttranscriptional 

level either by degradation of mRNA or impairing the translation of target genes. Over-

expression or down-regulation of miRNAs may lead to reduce expression of tumour 

suppressor genes and activate oncogenes, resulting in tumour metastasis and genomic 

instability of cancer cells. Moreover, miRNAs may simultaneously regulate multiple 

targets and biological mechanisms which can be considered as a potential cancer 

therapy strategy (286).  

Among all different miRNAs, the role of miR-205 has not yet completely clarified in 

thyroid cancer initiation and progression. miR-205 which is located in chromosome 

1q32.2, is a highly conserved gene among different species. As a tumour suppressor and 
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oncogene, miR-205 has a dual function to effectively inhibit or induce cancer 

progression. Aberrant expression of miR-205 has been demonstrated in a myriad cancer 

types.  While up-regulation of miR-205 has been noticed in several cancers such as 

ovarian, head and neck carcinoma and bladder, miR-205 has down-regulated in breast, 

prostate and bladder cancers. miR-205 is also considered as a main role player in cancer 

progression and metastasis since it can simultaneously target multiple processes/targets 

such as angiogenesis and EMT through targeting VEGF-A and ZEB-1 (287). For 

instance, in breast cancer patients, over-expression of miR-205 enhances 

chemosensitivity by down-regulation of VEGF-A and FGF-2 and induces increase of 

cell apoptosis (288). Furthermore, reduced expression of miR-205 is associated with the 

aggressive behaviour of malignant tumour such as breast, prostate and gastric by 

stimulating EMT and over-expression of ZEB-1 (287).  However, the effect of miR-205 

in thyroid cancer is still poorly understood.  

This is the first study that has investigated the modulatory role of miR-205 in human 

thyroid cancer angiogenesis and invasion. For addressing our research aims, thyroid 

carcinoma was chosen as a human cancer model in this investigation due to its highly 

vascularised and invasive characteristics. Our study revealed a novel inhibitory effect of 

miR-205 as a tumour suppressor and regulator of invasion in thyroid cancer. The present 

thesis successfully achieved the aims of determining the expression of miR-205 in 

human thyroid cancer cell lines and was able to explore the role of this miRNA in 

angiogenesis, growth and proliferation and invasion as a tumour suppressor. Stable 

anaplastic thyroid cancer cell lines were successfully generated by permanent 

transfection of miR-205 expression vector which can be useful for future studies.  The 

unique role of miR-205 in simultaneous regulation of multiple cancer-related pathways 
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through genes of angiogenesis (VEGF-A) and EMT (ZEB-1) in thyroid cancer was 

uncovered in this study. While miR-205 is unlikely to be the sole controller of 

tumourigenesis including angiogenesis, proliferation, apoptosis and metastasis in 

cancer, this study demonstrates miR-205 as a promising perspective in future miRNA-

based treatment to affect tumour development. Perhaps, future research involving more 

functional studies, investigating its role through cancer development in vivo, treatment 

aspect in those models will accelerate the transition of this application into clinical 

treatment. Novel models can be built to help resolve the diversity in the roles of miR-

205 in different cancers on the basis of biological findings, targeting specific 

functionality of this microRNA in each cancer.  
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Addressing aim 1: Expression of miR-205 and VEGF-A in human thyroid cancer       

Theory 1: Down-regulation of miR-205 correlates with over-expression of VEGF-A “an 

initiator of Cancer Angiogenesis” in thyroid cancer.    

Previous studies have shown the different expression of miR-205 in human cancers 

based on the tissue types on their targets, indicating the dual function of miR-205 in 

cancer.  The first aim of this research was to evaluate the role of miR-205 (tumour-

suppressive or oncogenic) in thyroid cancer angiogenesis through targeting VEGF-A. 

This investigation has demonstrated a significantly decreased expression of miR-205 in 

a variety of thyroid cancer cell lines (K-1, B-CPAP, 8505-C, MB-1 and BHT-101) by 

performing qRT-PCR. This project also confirmed the tumour suppressive function of 

miR-205 in thyroid carcinoma when down-regulation of miR-205 co-exists and 

correlates with angiogenesis and invasive behaviour of thyroid cancers (Published 

outcome of second article). These findings also supported our hypothesis that down-

regulation of miR-205 associates with over-expression of VEGF-A which promotes 

tumour angiogenesis in thyroid cancer cell lines.  
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Addressing aim 2: Validation of miR-205 regulatory roles in human thyroid cancer 

angiogenesis, proliferation and survival.  

Theory 2: Over-expression of miR-205 effectively suppresses cancer cell angiogenesis, 

growth and proliferation while inducing apoptosis in thyroid cancer. 

In order to validate the anti-angiogenic role of miR-205, exogenous miR-205 (mimic) 

has introduced into the thyroid cancer cell lines (K-1, B-CPAP, 8505-C, MB-1 and 

BHT-101). This transient transfection was required to confirm that VEGF-A is a target 

of miR-205 and to show the subsequent effects on cancer cell angiogenesis, proliferation 

and survival for a short period of time. Results obtained from this stage have revealed 

that transient transfection of miR-205 can significantly reduce the expression of VEGF-

A as a main inducer of cancer angiogenesis. This is consistent with the observation in 

glioma cell lines, demonstrated previously that miR-205 plays a central role in 

malignancy of glioma cells by directly VEGF-A regulation (27).  Our research has also 

reported that cancer cell growth and proliferation were significantly suppressed and 

apoptosis was noticeably induced by introduction of miR-205 in thyroid cancer cell 

lines. As described previously in the literature review section (Paper 1), this could be 

due to the modulatory role of miR-205 in expression of anti-apoptotic genes such as 

E2F1, Bcl2, Bcl2l2, C-SRC and PKCH.  

Hence, these results have indicated that inhibition of VEGF-A not only can hinder 

angiogenesis but also it can be an effective way to inhibit cancer cell proliferation and 

to promote apoptosis. Nonetheless, further functional studies were needed to confirm 

the role of this miRNA in thyroid cancer angiogenesis and invasion which have done in 

next steps.        
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Addressing aim 3: Functional effects of permanent expression of miR-205 in 

undifferentiated thyroid cancer angiogenesis and invasion (in-vitro) 

Theory 3: Permanent over-expression of miR-205 inhibits cancer angiogenesis and 

invasive properties of thyroid cancer.  

In this part of research, a number of angiogenic assays were utilized to examine the 

functional anti-angiogenic effects of miR-205 in invasive thyroid cancer cell lines. For 

this purpose, a permanent transfection of miR-205 expressing vector was performed to 

generate stable thyroid cancer cell lines. This allowed those anti-angiogenic effects to 

be determined permanently. Firstly, VEGF protein production in cancer cells was 

significantly reduced. Further investigation with angiogenesis assays (in-vitro) exhibited 

that introduction of miR-205 produces significant defects in formation and number of 

blood network (vessels), reduces VEGF-A expression in tumour cell media and 

generally blocks angiogenesis process. Therefore, we confirmed that VEGF-A as a main 

mediator of tumour angiogenesis was targeted by miR-205.   

Furthermore, the anti-invasive function of miR-205 was validated by finding the 

significant reduction of aggressive and invasive properties of thyroid cancer cells 

through targeting ZEB-1. This was evidenced through migration inhibition and invasion 

blockage due to overexpressed miR-205 in invasive thyroid cancer cells. Moreover, 

ZEB-1, SNAIl1 and E-Cadherin as markers for morphological changes towards 

undifferentiation and invasion and known role players of EMT were examined. This 

study revealed that while additional miR-205 reduces the production of ZEB-1, other 

important co-expressing protein, SNAIl1 was also reduced significantly and E-cadherin 

was elevated, concluding the role of miR-205 as an inhibitor/moderator of the EMT 
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process in invasive thyroid cancer cell lines. This is also consistent with previous 

reports with regard to the important role of miR-205 in tumour metastasis by controlling 

the expression of ZEB-1/2 in breast cancer cells (250). Given that introduction of miR-

205 was strictly linked to suppression of angiogenesis and EMT, these results provide 

the first evidence of anti-angiogenesis and anti-invasive role of miR-205 in human 

thyroid cancer cells.               
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Addressing aim 4: Validation of anti-angiogenic/invasive role of miR-205 in 

undifferentiated thyroid cancer (in-vivo)  

Theory 4: Over-expression of miR-205 in in-vivo model effectively reduces cancer cell 

angiogenesis and invasiveness in cancer tissues. 

The final aim of this thesis project was to confirm the regulatory function of miR-205 in 

angiogenesis and invasion mechanisms in animal model. In order to achieve this 

purpose, the successful established undifferentiated thyroid cancer cell lines expressing 

miR-205 were subcutaneously injected into the mice. Tumours derived from cancer cells 

expressing miR-205 showed significant decrease in size, reduction in the speed of the 

growth and noticeable inhibition of vascularization compared to control xenograft 

tumours. Immunohistochemistry was also indicated significant drop in expression of 

CD-34 as an endothelial marker, Ki67 a malignant proliferation marker and 

overexpression of E-cadherin as an EMT marker. These results also revealed that miR-

205 led to morphological cancer cells change from the spindle-shaped and 

mesenchymal pattern of undifferentiated tumour to a more organized, well 

differentiated epithelial pattern known as epithelioid structure. This confirms that 

targeting ZEB-1 by miR-205 and shift of epithelial morphology to mesenchymal 

structure, which is a necessity for invasion in undifferentiated thyroid carcinoma, can be 

suppressed. In-vitro experiments were indicated that miR-205 targets VEGF-A in 

thyroid cancer cell lines leading to suppression of angiogenesis. Here, 

immunohistochemical analysis against CD-34 in tumour masses further confirmed the 

lower expression of this endothelial marker in xenograft tumours made of miR-205 

stable cell lines than tumours made of mock and control cell lines. These results are also 
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supported by MVD data indicating that miR-205 significantly inhibits microvessels 

density compared to control tumours. Further results of this in-vivo study demonstrated 

that miR-205 not only suppressed angiogenesis and invasive characteristic of 

undifferentiated thyroid cancer cells, but also cancer cell proliferation and growth can 

be inhibited. Immunohistochemical analysis of Ki-67 as malignant proliferation marker 

was revealed reduced number of proliferating cells and consequently slow growing 

tumour lump in tumour xenograft derived from miR-205 transfected cells compared to 

control ones, as we expected. The final stage of this project concludes our finding of the 

role of miR-205 in impairment of the growth in xenograft and hinders expression of 

VEGF-A and ZEB-1 and subsequently cancer cell angiogenic and invasion 

characteristics.  Our research is the first report exploring the role of miR-205 in thyroid 

cancer angiogenesis and invasion through imperfect match ability of miRNA and 

suppressing of multiple target genes simultaneously which can maximize therapeutic 

effect.    
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6.2 Future direction  

There has been massive improvement in understanding of microRNA mechanism and 

its beneficial function in cancer therapy. miRNAs have the ability to target genes 

efficiently and can regulate a wide range of genes of interest simultaneously.  The 

complicated and multi-factorial nature of cancer, necessitates the simultaneous targeting 

of a broad set of oncogenes and pathways to trigger effective treatment (286). On the 

other hand, reduced immune response and low toxicity are some of the advantages of 

miRNA-based cancer therapy. Using some therapeutic compounds has been established 

in the clinical trials to stop cancer angiogenesis and metastasis through targeting VEGF 

pathways (286). However, reporting some cases with negative results encourages 

researchers to utilise miRNAs as natural antisense nucleotides and novel therapeutic 

strategy to reduce problems of conventional chemotherapy. Small size and low 

molecular weight of miRNAs provide the possibility of effective delivery system as well 

as promising clinical anti-cancer drugs. However, due to the poor cancer tissue 

permeability, the efficient delivery of miRNA is still needed to be solved (286). Future 

direction to this study should include using the latest generation of miRNA delivery 

system known as a smart nanoparticle with changeable size and property based on the 

different tumour microenvironments, conditions or time series such as low pH, low 

partial oxygen pressure, or high concentration of proteases. pH-sensitive, enzyme-

sensitive and size-reduced nanoparticles are various types of these smart nanoparticles 

which can be used to achieve the efficient tumour penetration and release therapeutic 

miRNAs into the tumour environment (289, 290) .        
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Another future perspective to this research should include delivery of multiple miRNAs 

(mimics and antagonists) to influence multiple genes and pathways. Because cancer is 

associated with deregulation of multiple genes and miRNAs, the single target therapy 

may not be a sufficient approach for an effective anti-cancer treatment. In that regard, 

instead of introduction or antagonizing a single miRNA, applying a set of miRNAs with 

the hope of influencing on multiple targets in a specific pathway or even multiple 

pathways can be a superior promising approach for cancer therapy. Another work that 

should also be considered is the effect of using miRNAs therapy both anti miRNAs and 

miRNA mimics in combination with anti-tumour drugs. These possible combined 

strategies could be a powerful method for greater and more practical therapeutic option 

in cancer therapy.  

Taken together, miRNA-based therapy will provide one of the most effective cancer 

therapeutic strategies in the future. In particular, personalized cancer therapy can be 

achieved by designing the specific miRNA sets (mimics and antagonists) for each 

patient based on their miRNA expression profiles. Moreover, those new generations of 

delivery methods are expected to conquer the biological obstacles for miRNA delivery 

leading to efficient results in terms of anti-cancer effects.    
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Appendix 2:  Animal Ethic Approval  
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Appendix 3:  Book chapters arising from this research 
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Chapter 44 

ROS 1 

Ali Salajegheh, Haleh Vosgha 

 

Abstract:  Receptor tyrosine kinases (RTKs) play an important role in the process of 

signal transduction and cellular communication. A receptor tyrosine kinase, ROS 1 has 

been shown as one of the last two remaining orphan receptor tyrosine kinases whose 

ligand has not completely identified. In addition to being a role player in epithelial cell 

differentiation, ROS 1 can activate a number of downstream signaling pathways related 

to cell survival, proliferation and angiogenesis. The aberrant expression of this gene as 

well as its mutant forms has been reported in the initiation and progression of a variety 

of human cancers, including non–small cell lung cancer (NSCLC), glioblastoma, 

ovarian cancer and colorectal cancer. However, it has not been fully found the normal 

function of ROS kinase in different human body tissues so far. Recent insights have 

shed light onto ROS 1 signal transduction and its importance in cell development, 

diseases, clinical applications and treatment of substantial cancers.    
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44.1  ROS1 

ROS 1 gene is found on human chromosome 6 region 6q22 and it encodes for proto-

oncogene tyrosine protein kinase ROS, which is an orphan kinase with unconfirmed 

ligand and unclarified functions (El-Deeb et al. 2011). Having a highly similar structure 

to receptor tyrosine kinase (RTK), ROS tyrosine kinase is believed to be closely related 

to RTK. Since ROS tyrosine kinase is similar to RTK, one believes that their functions 

are similar as well. Hence, it can be concluded the ROS tyrosine kinase behaves like a 

cell surface receptor for growth factors and hormones, regulates cell to cell 

communication, and is involved in signal transduction (El-Deeb et al. 2011). 

ROS tyrosine kinase has binding sites that are similar to epidermal growth factor 

receptors, macrophage colony stimulating factor receptors, and HIR genes, indicating 

that ROS tyrosine kinase has comparable functions to those receptors. Hence, 

specifically, tyrosine kinase ROS is responsible for growth and maturation of cells (El-

Deeb et al. 2011). 

Its gene expression pattern during embryonic development and post-development 

suggests its involvement in the maturation of organs. Chromosome 6 specifies non-

random chromosomal rearrangement in specific neoplasia in which over expression of 

mutated ROS 1 gene leads to the development of malignancy that is commonly found in 

glioblastoma (El-Deeb et al. 2011). 

44.2 ROS 1 in Normal Physiology  

Although the ligand for ROS1 tyrosine kinase receptor is unknown, the present 

discovery of activated ROS protein kinase shows downstream signaling pathways: 

a) Signal Transducers and Activators of Transcription 3 (STAT3) 

b) PI3/KAKT/m-TOR cascade 
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c) RAS/MAPK/ERK pathways 

d) VAV 3 proteins 

e) SHP1 and 2 

From the above pathways, over activation of STAT 3 and PI3/KAKT/m-TOR signaling 

cascade are heavily involved in angiogenesis related to oncogenesis.  

Tyrosine-phosphorylated STAT3 protein is responsible for cytokine and growth factor 

induced gene expression which contributes to the survival, proliferation, and 

differentiation of cells. This includes oncogenesis as well (Chen and Han 2008).  

Cytoplasmic STAT3 protein undergoes transformation to homo- or hetero-dimer based 

transcription factors through extracellular ligand induced phosphorylation, allowing its 

translocation to nucleus followed by transcription of the targeted genes (Chen and Han 

2008). Overall, ROS tyrosine kinase activates STAT3, increasing targeted DNA 

transcription. Activation of STAT3 causes immune-suppression and angiogenic 

promoting mechanism, both of which are commonly expressed in primary tumour 

development as they promote tumour survival (Chen and Han 2008). 

44.3  ROS 1 in Disease 

STAT3, with its target gene transcription, is a regulator of the multistage and 

multifactorial stimulated angiogenesis in both pathological and physiological conditions 

(El-Deeb et al. 2011). Through the activation of angiogenic factors- including VEGF, 

bFGF, matrix metalloproteinase 2, and matrix metalloproteinase 9- angiogenesis is 

controlled. This comprises the activation of endothelial cell proliferation and differential 

induction of endothelial stem cell tissue (Karar and Maity 2011).  Mutated ROS 1 gene 

produces a constantly active ROS tyrosine kinase, leading to a constant stimulation of 

STAT 3 pathways and thus, the upregulation of angiogenic factors.   
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Angiogenesis supports tumour development by ensuring a constant supply of blood to 

the malignant cells. Furthermore, it can lead to metastasis as oncogenic cells can be 

transported to other parts of the body through the circulatory system (Yang et al. 2013). 

Apart from aiding tumour development through angiogenesis, STAT3 signaling 

pathway also enhances tumour development through the dysregulation of Bcl-xL, Mcl- 

1, and Bcl 2 anti-apoptotic genes; activation of Cyclin D1 and Myc proteins which 

induce cellular proliferation; and suppression of both innate and adaptive immune 

expression (Karar and Maity 2011). 

Uncontrolled STAT 3 signaling is due to three main reasons. Firstly, a mutated ROS1 

gene will lead to the production of a mutated ROS tyrosine kinase, which will 

constantly be active and hence, will trigger STAT 3 signaling pathway continuously. 

Secondly, overstimulation of cytokines and growth factors. Lastly, the silencing of 

STAT3- inhibiting regulator. Over simulation of STAT3 pathway promotes tumour 

development (Zong et al. 1998; Nguyen et al. 2002). 

PI3K is the key growth regulating cellular factor where its signaling cascade involves 

AKT kinase and mTOR; Both plays a part in controlling proliferation and 

differentiation of the cells and inhibition of physiological apoptosis. Recent studies 

identified PI3K involvement in vasculature development during the embryonic stage 

where defects in PI3K exhibit production of functionless vessels (El-Deeb et al. 2011). 

PI3 pathways contribute to tumour development by its regulations on cell growth 

mainly via angiogenic control of AKT kinase. Angiogenesis in PI3K pathways is 

achieved through both direct and indirect hypoxic dependent mechanisms which mainly 

comprises of nitric oxide pathways, HIF 1, angiopoietin, and VEGF induction. Being 

the key regulator of angiogenesis, VEGF cascades its effect in the cell through the PI3K 
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pathway with mTOR as the mediator. Its intracellular effects include a positive 

feedback mechanism whereby more angiogenic factors such as VEGF and angiopoietin 

are induced (Yang et al. 2013). Thus, uncontrolled stimulation from PI3K enhances 

VEGF positive feedback without requiring extracellular VEGF signaling. Of all the 

ROS1 originated mutagenic proteins, FIG-ROS is specific for PI3K pathway activation 

which contributes to tumour formation (El-Deeb et al. 2011). This leads to the 

development of PI3K pathways inhibitor drugs which are meant to halt tumour 

development by inhibiting angiogenic effect from VEGF secretion on PI3K pathway 

(Karar and Maity 2011). 

44.4 ROS 1 and Malignancy   

ROS1 gene is vulnerable to chromosomal mutation, bringing about the production of 

mutagenic fusion proteins. The current clinical investigation has identified five 

mutagenic proteins: v-ROS, Mcf3, FIG-ROS, SLC 34A2-ROS and CD74, all of which 

induce uncontrolled frequent activation of its downstream signaling pathways (El-Deeb 

et al. 2011). Examples of ROS1 related cancer is glioblastoma and non-small cell lung 

cancer (Jun et al. 2012). 

Glioblastoma is a malignant brain tumour with high expression of mutated ROS1 genes. 

It is characterized by chromosomal deletion of ROS1 at 6q21, which causes the 

production of GOPC-ROS1 protein. High expression of the GOPC-ROS1 protein 

correlates with glioblastoma tumour formation (Ou et al. 2012). This mutation is 

expressed in 56% of glioblastoma cell lines with contrasting minimal expression of 

ROS gene in functional brain cells (El-Deeb et al. 2011). Recent clinical investigations 

identified a link between FIG-ROS1, a mutated ROS1 gene, with glioblastoma cancer. 

FIG-ROS tumorigenicity is explored in an experiment and it was concluded that its 



 

Haleh Vosgha       School of Medicine     257 

 

tumorigenicity was credited to its promotion of anchorage-independent growth of 

glioblastoma cells. In the experiment, the expression of FIG ROS1 in basal ganglia of 

mice led to the formation of astrocytomas. Ectopic ROS1 expression pattern exhibits 

low level in astrocytomas and a higher level in glioblastoma tumour. Hence, it is 

concluded that ROS1’s role in tumour advancement is through proliferation and not so 

much in initiation (El-Deeb et al. 2011). Researchers are currently focused on 

discovering the cause of FIG-ROS1 fusion and way to inhibit glioblastoma. 

Overall, mutation of ROS1 gene leads to the production of mutated ROS tyrosine kinase 

which constantly stimulates the pathways including STAT3 and PI3K pathways. As 

mentioned above, over stimulation of these pathways promote angiogenesis and thus, 

enhance tumour formation.  Currently, Crizotinib is a drug given to treat ROS1 gene 

mutation. Being an anaplastic lymphoma kinase (ALK) inhibitor, it inhibits the 

proliferation of cells and arrests mitosis cell cycle at G1 phase by preventing 

downstream signaling cascades. ROS tyrosine kinase shares some pathways with ALK. 

Hence, but blocking ALK pathways, a few pathways of ROS tyrosine kinase are also 

blocked, thereby inhibiting ROS tyrosine kinase’s effect on tumour development. 

Despite not knowing its mechanism of action fully, Crizotinib does induce tumour 

shrinkage in patients with ROS 1 gene rearrangements (Doebele and Camidge 2012). 

Further research includes determining Crizotinib’s mechanism of action and through 

this knowledge; more drugs can be developed to treat mutated ROS1 induced cancer. 
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Chapter 50 

Ali Salajegheh, Haleh Vosgha 

Tenascins 
 

Abstract: A family of four multimeric extracellular matrix (ECM) glycoproteins: 

tenascin-C, X, R and W, tenascins are diversely expressed during development and have 

the independent mechanism of regulation especially in the adult organisms. Every 

tenascin member is primarily synthesized by cells in connective tissues. Of all these 

family members, tenascin-C is the best-studied member which is found in the embryo, 

central nervous system and it is a prominent member of peripheral nerves with an 

important function in epithelial–mesenchymal interactions and branching 

morphogenesis. Tenascin-R has been exclusively found in the central nervous system, 

whereas tenascin-X and –W have the highest levels of expression in the heart, skeletal 

muscles and kidney. Abnormal expression of these proteins has been associated with 

various types of disorders including cardiovascular diseases and diabetic retinopathy 

and cancer development. Tenascin-C is among that protein which has been considered 

as a potential inducer of tumorigenesis due to its multiple roles in different steps of 

cancer progression such as angiogenesis.     
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50.1  Tenascins  

Another group of regulators of angiogenesis, Tenascins, are a family of oligomeric 

glycoproteins found in the extracellular matrix (ECM). They are considered to be 

unique to vertebrates. Important cellular processes tenascins are involved with include 

cell adhesion, migration and proliferation. There are currently four members of this 

gene family that have been identified in mammals: Tenascin-C, Tenascin-R, Tenascin-X 

and Tenascin-W (Hsia and Schwarzbauer 2005). 

In the developing embryo, these genes display specialised patterns of expression 

regulating neural development, skeletogenesis and vasculogenesis (Hsia and 

Schwarzbauer 2005). However, in the adult, they are also involved in normal processes 

such as wound healing, nerve regeneration, and tissue involution along with 

pathological conditions like vascular disease, tumorigenesis, and metastasis (Hsia and 

Schwarzbauer 2005). The following paragraphs underline the role of tenascins with a 

particular focus on angiogenesis throughout regular physiology, disease and 

malignancies. 

 50.2  Tenascins in Normal Physiology 

To understand the mechanism by which tenascin proteins relate to angiogenesis it is 

necessary to first state commonly accepted functions of each protein member (Brellier 

and Chiquet-Ehrismann 2012). Tenascin-R expression happens primarily during early 

and adult central nervous system development, while Tenascin-W expression is 

prominent in the developing and adult metanephric kidney and periosteum around the 

ribs (Chiquet-Ehrismann et al. 2014). Tenascin-X is the largest known member of the 
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family and in adult expression, it is mostly limited to musculoskeletal, cardiac, and 

dermis tissue. Specifically, it is believed that Tenascin X helps determine how collagen 

fibrils are deposited in the extracellular matrix (Petersen and Douglas 2013). Deficiency 

of this particular glycoprotein is strongly linked to an autosomal-recessive form of 

Ehlers-Danlos syndrome (EDS), where collagen density is reduced resulting in easy 

bruising, skin hyper-flexibility and joint laxity (Bristow et al. 2005). 

 However, of the four proteins in the Tenascin family, tenascin-C is perhaps the most 

extensively researched and discussed. It is expressed during neural, skeletal, and 

vascular morphogenesis yet diminishes in adults with continued basal expression in 

tendon-associated tissues. However, up-regulation usually occurs during tissue 

remodelling processes evident in wound repair or pathological states such as 

inflammation or tumorigenesis (Bristow et al. 2005). Particular attention should also be 

given to tenascin-C and its role in angiogenesis, which is essentially the focal point of 

this chapter.  

Tenascin-C (TN-C), the founding member of the Tenascin glycoprotein family, can be 

induced by inflammatory cytokines, growth factors, mechanical stress and hypoxia. It 

has been shown to inhibit cell adhesion to fibronectin and thus is often called an 

adhesion-modulating protein. It is upregulated in normal physiological conditions 

associated with angiogenesis, including wound healing where it is expressed in the 

newly formed blood vessels of granulation tissue (Midwood and Orend 2009). 

Furthermore, studies have also confirmed that TN-C inhibits cardiac endothelial cells 

from adhering to the ECM. This anti-adhesive property subsequently promotes 

migration and induces angiogenesis. A 2006 study conducted by Weill Medical College 

of Cornell University confirmed the importance of TN-C in postnatal cardiac 
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angiogenic function. Findings showed that unlike wild-type mice, mice deficient of TN-

C were unable to vascularise cardiac allografts following transplantation (Ballard et al. 

2006). Additionally, the results of another study were able to demonstrate the link 

between TN-C and endothelial progenitor cells (EPC). Their interaction generated 

angiogenesis in the heart. Bone marrow cells were injected systemically into irradiated 

young mice and then treated with intramyocardial platelet-derived growth factor (PPDF-

AB) one month later.  This resulted in donor derived cell recruitment with the majority 

of the donor cells integrating at sites of TN-C expression. This confirmed TN-C protein 

as an essential regulator of endothelial function and promoter of EPC incorporation at 

sites of angiogenic induction (Ballard et al. 2006). 

50.3  Tenascins in Disease 

TN-C has been shown to stimulate pro-angiogenic pathways in diseases such as diabetic 

retinopathy (DR) (Eisma et al. 2015). A study was conducted to investigate the effects 

of TN-C on normal and diabetic retinal endothelial cells (REC) cultured on 

reconstituted basement membrane (BM) matrix (Castellon et al. 2002). It was found that 

it significantly delayed the collapse of REC capillary-like tubes in the BM matrix and 

improved REC proliferation, secondary sprouting and viability. Adding vascular 

endothelial growth factor (VEGF) to REC cultures also increased the number of branch 

points by 300% suggesting that TN-C has the capability of cooperating with VEGF to 

promote angiogenesis in vitro. Essentially, data suggests TN-C enhanced the sprouting, 

migratory, and survival effects of angiogenic growth factors and hence acts as a pro-

angiogenic mediator in DR and other pathologic conditions involving 

neovascularization (Castellon et al. 2002).  
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Moreover, another study investigated the impaired angiogenic response in the cornea of 

mice lacking TN-C (Sumioka et al. 2011). Ocular fibroblasts and macrophages of wild-

type and TN-C null mice were compared. The effects were then evaluated after 

cauterisation of the centre of the cornea in mice. Findings show that absence of TN-C 

attenuated the expression of VEGF and TGF and suppressed the neovascularisation of 

injury-induced corneal stroma, hence confirming TN-C as a modulator of angiogenic 

pathways (Sumioka et al. 2011). 

50.4  Tenascins in Malignancy 

Finally, the role of Tenascin proteins in malignant cases needs to be addressed. 

Research has proven the supportive role that tenascin proteins play in tumour growth, 

metastases and angiogenesis (Chiquet-Ehrismann 2004). It is believed that the presence 

of TN-C in the vascular bed may induce the maturing of tumour vessels and could apply 

scaffolding and remodelling functions during primitive stages of tumour vessel 

formation. In fact, carcinomas of the breast, colon, glioma and lung directly correlate a 

high TN-C level with a low survival prognosis (Midwood et al. 2011). A study focusing 

on TN expression and distribution patterns in astrocytomas, a type of brain cancer, was 

conducted using fifty-nine astrocytomas and eleven samples of normal brain by western 

blot analysis. Proliferation indices were recorded using computer-based image 

technology (Midwood et al. 2011). Enhanced intercellular expression of TN-C was 

consistently observed in glioblastomas multiform (GM) and was associated with a 

higher tumour grade with higher proliferation indices. The strong association of TN and 

vascular hyperplasia suggests that TN may play a crucial role in angiogenesis. 

Moreover, it has been demonstrated that tenascin-C can regulate expression of pro-
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angiogenic factors pertinent to cancer outcome, including the prototypic angiogenic 

cytokine, VEGF (Midwood and Orend 2009). One relevant study conducted in 2003 by 

Tanaka et al. from Jikei University School of Medicine focused on the role of TN-C in 

melanoma stem cells. Significantly lower tumour formation was recorded under the skin 

of nude mice lacking TN-C upon transplanting melanoma cells, in comparison to nude 

mice showing tenascin-C expression. This has been explained by the notion of reduced 

VEGF expression and thus reduced tumour angiogenesis (Tanaka et al. 2004). 



 

Haleh Vosgha       School of Medicine     265 

 

Reference 

Ballard VL, Sharma A, Duignan I, Holm JM, Chin A, Choi R, Hajjar KA, Wong SC, 
Edelberg JM (2006) Vascular tenascin-C regulates cardiac endothelial 
phenotype and neovascularization. FASEB journal : official publication of the 
Federation of American Societies for Experimental Biology 20 (6):717-719. 
doi:10.1096/fj.05-5131fje 

Brellier F, Chiquet-Ehrismann R (2012) How do tenascins influence the birth and life of 
a malignant cell? Journal of cellular and molecular medicine 16 (1):32-40. 
doi:10.1111/j.1582-4934.2011.01360.x 

Bristow J, Carey W, Egging D, Schalkwijk J (2005) Tenascin-X, collagen, elastin, and 
the Ehlers-Danlos syndrome. American journal of medical genetics Part C, 
Seminars in medical genetics 139c (1):24-30. doi:10.1002/ajmg.c.30071 

Castellon R, Caballero S, Hamdi HK, Atilano SR, Aoki AM, Tarnuzzer RW, Kenney 
MC, Grant MB, Ljubimov AV (2002) Effects of tenascin-C on normal and 
diabetic retinal endothelial cells in culture. Investigative ophthalmology & 
visual science 43 (8):2758-2766 

Chiquet-Ehrismann R (2004) Tenascins. The international journal of biochemistry & 
cell biology 36 (6):986-990. doi:http://dx.doi.org/10.1016/j.biocel.2003.12.002 

Chiquet-Ehrismann R, Orend G, Chiquet M, Tucker RP, Midwood KS (2014) Tenascins 
in stem cell niches. Matrix biology : journal of the International Society for 
Matrix Biology 37:112-123. doi:10.1016/j.matbio.2014.01.007 

Eisma JH, Dulle JE, Fort PE (2015) Current knowledge on diabetic retinopathy from 
human donor tissues. World Journal of Diabetes 6 (2):312-320. 
doi:10.4239/wjd.v6.i2.312 

Hsia HC, Schwarzbauer JE (2005) Meet the tenascins: multifunctional and mysterious. 
The Journal of biological chemistry 280 (29):26641-26644. 
doi:10.1074/jbc.R500005200 

Midwood KS, Hussenet T, Langlois B, Orend G (2011) Advances in tenascin-C 
biology. Cellular and molecular life sciences : CMLS 68 (19):3175-3199. 
doi:10.1007/s00018-011-0783-6 

Midwood KS, Orend G (2009) The role of tenascin-C in tissue injury and 
tumorigenesis. Journal of Cell Communication and Signaling 3 (3-4):287-310. 
doi:10.1007/s12079-009-0075-1 

Petersen JW, Douglas JY (2013) Tenascin-X, collagen, and Ehlers-Danlos syndrome: 
Tenascin-X gene defects can protect against adverse cardiovascular events. 
Medical hypotheses 81 (3):443-447. doi:10.1016/j.mehy.2013.06.005 

Sumioka T, Fujita N, Kitano A, Okada Y, Saika S (2011) Impaired angiogenic response 
in the cornea of mice lacking tenascin C. Investigative ophthalmology & visual 
science 52 (5):2462-2467. doi:10.1167/iovs.10-5750 

Tanaka K, Hiraiwa N, Hashimoto H, Yamazaki Y, Kusakabe M (2004) Tenascin-C 
regulates angiogenesis in tumor through the regulation of vascular endothelial 
growth factor expression. International journal of cancer Journal international du 
cancer 108 (1):31-40. doi:10.1002/ijc.11509 

 



 

Haleh Vosgha       School of Medicine     266 

 

 
Chapter 51 

Tissue inhibitor of metalloproteinases 1 and 2 (TIMP-1 and TIMP-2) 

Ali Salajegheh, Haleh Vosgha 

Abstract: As an ancient eukaryotic protein, tissue inhibitors of metalloproteinases 

(TIMPs) have been detected in a wide range of species such as drosophila, zebra fish, C. 

elegans and humans.  Mammalian TIMP family consists of four paralogous genes 

encoding TIMP-1 to TIMP-4 which share significant homology and structural identity 

at the protein level. These proteins are well-known as major regulators and inhibitors of 

matrix metalloproteinases (MMPs). TIMP-1 main function is to inhibit the enzymatic 

activity of the MMPs by non-covalently binding to MMPs binding site and interacting 

with the Zn+2. TIMP-2 is the only member of the TIMP family which can not only 

inhibit MMPs but it is required for the cellular mechanism and involved in cancer 

progression and metastasis. Overexpression of TIMP-1 is seen in many cancers, it is 

also linked to inaccurate diagnosis of mammary cancer. Recent studies have 

demonstrated that TIMP-2 can hinder the mitogenic response of human microvascular 

endothelial cells to growth factors. Evidence showed that cancer patients with the great 

level of TIMP-1had a decreased survival rate and increased levels of TIMP-1 in cancer 

cells were linked to decreased recurrence. It has been found that there is an endogenous 

inhibitory function of TIMP-2 for both angiogenesis mechanism and tumour growth, 

resulting in suppression the activity of receptor tyrosine kinases VEGFR2 and FGFR1.  

Key words: Tissue inhibitor of metalloproteinases, TIMP-1, TIMP-2, 
Angiogenesis, Normal Physiology, Disease, Malignancy  
 
A. Salajegheh (ed.), School of Medicine,  
Menzies Health Institute Queensland, Griffith University, 
Gold Coast, Queensland, Australia 
Email: a.salajegheh@griffith.edu.au 



 

Haleh Vosgha       School of Medicine     267 

 

51.1  Tissue inhibitor of metalloproteinases 1 and 2 (TIMP-1 and TIMP-2) 

Tissue inhibitor of metalloproteinases-1 (TIMP-1) belongs to TIMP gene family and has 

the wide spectrum of functions in different tissues (Olson et al. 1997). The main 

function of this gene is to inhibit the enzymatic activity of the MMPs by non-covalently 

binding to MMPs binding site and interacting with the Zn+2 (Olson et al. 1997).  MMPs 

are a family of zinc-dependent enzymes involved in degradation of extracellular matrix 

at physiological PH (Birkedal-Hansen et al. 1993).  Matrix metalloproteinase (MMP) 

activity is essential for extracellular matrix turnover and is linked with both physiologic 

and pathologic tissue restoring (Stetler-Stevenson 2008). Tissue inhibitors of 

metalloproteinase (TIMPs) hinder MMP activity. TIMP-2 annuls angiogenic factor-

induced endothelial cell proliferation in vitro and angiogenesis in vivo (Stetler-

Stevenson and Seo 2005). This happens irrespective of MMP inhibition. These 

processes need α3β1 integrin-mediated binding of TIMP-2 to endothelial cells. TIMP-2 

inhibits total protein tyrosine phosphatase (PTP) activity linked with β1 integrin 

subunits as well as dissociation of the phosphatase SHP-1 from β1. TIMP-2, however, 

stimulates PTP activity linked with tyrosine kinase receptors FGFR-1 and KDR. Also, 

an unpredicted MMP-independent pathway for TIMP-2 inhibition of endothelial cell 

proliferation in vitro shows an important component of the antiangiogenic effect of 

TIMP2 in vivo (Stetler-Stevenson 2008).  

51.2  Tissue inhibitor of metalloproteinases 1 and 2 (TIMP-1 and TIMP-2) in 

Normal Physiology 

TIMP-1 has been shown to exert growth factor activities. In the absence of serum and 

exogenous growth factors, this gene is capable of stimulating cellular proliferation 
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(Gasson et al. 1985). A growing body of experimental evidence suggests that this gene 

inhibits apoptosis by binding to its receptor CD63 on the cell membrane and activating 

Akt signaling pathway (Lee et al. 2014). Akt stimulates the phosphorylation of 

numerous downstream substrates, all resulting in anti-apoptotic effects. TIMP-1 also 

plays an important role in B cell survival and growth (Lee et al. 2014). It has been 

reported TIMP-1 that is expressed by stromal cells in germinal centre are capable of 

inhibiting the apoptosis of B cells, as the reduction in expression of TIMP-1 correlates 

with increasing the apoptosis of B cells (Lee et al. 2014). This gene is shown to 

stimulate the differentiation of germinal centre B cell by up-regulating CD40 and CD23 

and down-regulating CD77 (Guedez et al. 2001). Moreover, TIMP-1 induces the 

expression of interleukin-10, suppresses the expression of germinal centre markers 

CD10, Bcl-6, PAX-5, up-regulates plasma cell-associated antigens CD138, and X-box 

protein 1 (Guedez et al. 2001). Another study has shown that TIMP-1 induces the cell 

cycling pathway that is involved in the alteration of gene expression and inhibition of 

cell growth (Taube et al. 2006). 

An extracellular matrix receptor, α3β1, and a soluble extracellular matrix component, 

TIMP-2, work together with a RTK, either FGFR-1 or KDR, to inhibit the mitogenic 

response of hMVECs to angiogenic stimuli (FGF-2 or VEGF-A), in a PTP-dependent 

pathway (Seo et al. 2003). This reaction is TIMP-2 dependant and does not involve 

MMP-inhibitory activity. It is possible to predict a cell surface receptor mechanism for 

TIMP-2 that would bring about these selective effects on cell proliferation (Seo et al. 

2003). 

The role of α3β1 is not clear in angiogenesis. This receptor is expressed on both 
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quiescent and activated endothelial cells (da Silva et al. 2010). This laminin binding 

integrin can have a direct or indirect role in cell migration on collagen, laminin, and 

fibronectin (da Silva et al. 2010). The angiogenesis inhibitor thrombospondin uses it as 

a major receptor. Direct binding of TIMP-2 to α3β1 produces a signalling pathway 

resulting in PTP inactivation of RTK stimulation. This reduces the link between HSP60 

and SHP-1 with α3β1. Therefore, binding of TIMP-2 changes the interaction of the 

α3β1 with these proteins. Moreover, integrin activation coincides with dissociation of 

HSP60 from α3β1. This is shown by the fact that TIMP-2 interaction with α3β1 leads to 

a decreased SHP-1 association. TIMP-2 combined with hMVEC had no effect on the 

connection of these cells to ECM components nor does it cause apoptosis in vitro. When 

β1 null GD25 murine fibroblasts are treated with TIMP-2, the PDGF-stimulated 

proliferation of these cells could not be prevented, and re-formation of β1 expression in 

GD25-1A cells re-established TIMP-2 responsiveness. Consequently, this indicates that 

TIMP-2 is not only an antagonist of α3β1; it also binds to this receptor to change the 

signal transduction those results in suppression of hMVEC proliferation (Nakagami et 

al. 2002b). 

In addition, TIMP-2 suppresses FGFR-1 and KDR phosphorylation when combined 

with cognate ligands, FGF-2 and VEGF-A, respectively (Kim et al. 2012). Decreasing 

the RTK phosphorylation makes it sensitive to the PTP inhibitor orthovanadate for both 

FGF-2 and VEGF-A- stimulated hMVECs. TIMP-2 binding to α3β1 strengthens the 

link between the PTP SHP-1 with the RTKs, FGFR-1 and KDR, compared to 

angiogenic factor treatment solely (Kim et al. 2012).  
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51.3  Tissue inhibitor of metalloproteinases 1 and 2 (TIMP-1 and TIMP-2) in 

Disease 

Studies have shown that TIMP1 gene is involved in numerous diseases 

(Papazafiropoulou & Tentolouris, 2009).  Elevated TIMP1 level has been observed in 

stable coronary, carotid, peripheral artery and acute coronary syndrome 

(Papazafiropoulou & Tentolouris, 2009). A study by Sundstra have suggested that there 

is an association between plasma TIMP-1 levels with major cardiovascular risk factors, 

left ventricular hypertrophy indices and systolic dysfunction(Jackson, Arkell, & 

Nguyen, 1998; Walsh, Timms, Campbell, MacSween, & Morris, 1999).  Through 

degradation of extracellular matrix, an elevated level of TIMP1 leads to cardiovascular 

destruction and remodelling (Jackson et al., 1998; Walsh et al., 1999). TIMP1 is also 

involved in inflammatory diseases such as rheumatoid arthritis and inflammatory bowel 

disease (IBD) (Myers, Lakey, Cawston, Kay, & Walker, 2004). Myars conducted a 

study to determine the effect of this gene on rheumatoid arthritis (Myers et al., 2004). 

The obtained results showed that the level of TIMP1was significantly higher in serum 

that was isolated from the patient with rheumatoid arthritis as compared to normal 

subjects (Myers et al., 2004). In addition, elevated expression of this gene in IBD 

patient was associated with increased amount of inflammatory markers such as C 

reactive protein (CRP) and serum amyloid A (SAA) (Brew, Dinakarpandian, & Nagase, 

2000). These mediators are involved in degrading and modifying bowel wall structures 

and are capable of inducing the development of chronic inflammatory lesions of the 

digestive tract (Brew et al., 2000).  Kapsoritakis have reported that the RNA expression 

of TIMP1 is elevated in the diseased fibrotic liver specimen (Kapsoritakis et al., 2008).  

Another study has shown that the serum level of TIMP1 was increased in liver fibrosis 
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in alcoholics and severity of chronic liver disease increased with elevated level of 

TIMP1 (Walsh et al., 1999).  

The TIMP-2 stimulated the association of SHP-1 with these RTKs is essential (Seo et 

al. 2006). TIMP-2 increased total PTP activity linked with either FGFR-1 of KDR more 

than that which occurs during stimulation with either angiogenic factor alone. In 

situations where PTP activity in the FGFR-1 or KDR complexes is enhanced, TIMP -2 

decreases total PTP activity associated with the α3β1. Reduced SHP-1 association with 

α3β1 immunoprecipitates after treating with TIMP-2 indicates that TIMP-2 has the 

potential to stimulate a transfer of SHP-1 activity from α3β1 to either FGFR-1 or KDR. 

SHP-1 can be expressed in several cell types such as hematopoietic cells, endothelial 

cells and epithelial cells (Seo et al. 2006). Overexpression of catalytically inactive 

(dominant-negative) SHP-1 leads to continuous mitogenic signalling. In endothelial 

cells SHP-1 activation by TNF- prevents the proliferation of VEGF- and EGF-. dnSHP-

1 expression reduced the inhibitory effect of TNF-on endothelial cell proliferation. In 

the same way, expression of dnSHP-1 in hMVEC increases basal proliferation and 

annuls the suppressive effects of TIMP-2 cell proliferation. These show that timp-2 

treatment leads to a rise in SHP-1 and an increase in total PTP activity associated with 

the FGFR-1 and KDR complexes. Together, these indicate that SHP-1 has an essential 

role in improving the suppressive effects of TIMP-2 on hMVEC mitogenic responses 

(Seo et al. 2006).  
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51.4  Tissue inhibitor of metalloproteinases 1 and 2 (TIMP-1 and TIMP-2) in 

Malignancy 

Timp-1 is not only an intracellular matrix metalloproteinases inhibitor but it is a 

prospective biological indicator of many kinds of human cancers (Ma et al. 2014). 

Studies linking expression of TIMP-1 and characteristics of laryngeal squamous cell 

carcinoma seen in a clinical setting are scarcely investigated (Ma et al. 2014).  

Laryngeal squamous cell carcinoma [LSCC] frequently occurs in many cases of cancer 

of the head and neck (Ma et al. 2014). LSCC comes second in frequencies of cancers 

associated with the respiratory tract (Ma et al. 2014). Recent studies have linked TIMP-

1 as a cell surface marker that aids in the diagnosis of many human cancers (Ma et al. 

2014). These cancers include mammary cancer, colon cancer, cancer of the stomach, 

hepatocellular cancer, cancer of the rectus, glioblastoma, myeloma and lymphoid 

associated cancers (Ma et al. 2014).  Many researches have shown high TIMP-1 

expression in LSCC associated with the head and neck and in the growth and infiltration 

of tumours (Ma et al. 2014). More exploration is needed to confirm if TIMP-1 can be 

useful in the identification of decreased survival for molecules aimed at the treatment of 

LSCC (Ma et al. 2014). 

Evidence from a study involving qPCR showed that mRNA expression quantities of 

TIMP-1 in LSCC groups of cells were greater than in unaffected cells neighbouring 

tumour tissue. This correlates with former research that showed TIMP-1 is expressed in 

malignant tumour tissue (Ma et al. 2014).  Surprisingly, other literature has shown that 

TIMP-1 may not be depended upon as a diagnostic indicator of cancer. This controversy 

can be as a result of the presence of different tumour categories used and the methods of 

experiments (Ma et al. 2014). 
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As overexpression of TIMP-1 is seen in many cancers, it is also linked to the inaccurate 

diagnosis of mammary cancer (Bigelow et al. 2009).  Diagnostic research of the entire 

amount of TIMP-1 protein gave support to the linking of increased tumorigenic tissue 

TIMP-1 amounts and a decrease in accuracy in diagnosing breast cancer (Wurtz et al. 

2005).  The manner in which TIMP-1 encourages tumour formation is uncertain 

(Bigelow et al. 2009).  

Some regions where TIMP-1 can bind are found on breast cancer cells. Evidence has 

shown that TIMP-1 causes the proliferation of cells by interacting with currently 

unknown receptors on cells (Wurtz et al. 2005). This interaction is not associated with 

MMP activity (Wurtz et al. 2005).  To prove this mechanism, the proliferative action of 

timp-1 on breast cancer cells, BC-3A and BC 61 given varying tumorigenic potential 

was investigated (Wurtz et al. 2005). Results showed that only the more malignant cells 

[BC-61] were affected by TIMP-1 and had greater proliferation according to the dose of 

TIMP-1 used (Wurtz et al. 2005). Therefore the activation of TIMP-1 receptors can be 

linked to the extent of malignancies (Wurtz et al. 2005).  

Much research has shown that TIMP-1 expression is greater in breast cancer tissue than 

benign or healthy breast tissue (Wurtz et al. 2005). Yoshiji et al showed that TIMP-1 

expressed on mRNA was greater in malignant mammary tissue than in non-malignant 

mammary tissue (Wurtz et al. 2005). In many malignant breast cancers increased levels 

of TIMP-1 on mRNA coincided greatly with lymph node metastases and decreased 

survival rate, however this did not occur with other diagnostic factors that include the 

status of menopause, the size of the cancerous tissue and the level of malignancy (Wurtz 

et al. 2005). In studies conducted to compare the amounts of TIMP-1 by ELISA in 

samples of breast cancers, fibroadenomas and nodal malignancies, it was shown that the 
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amount of TIMP-1 is much greater in breast cancer and nodal metastases than benign 

fibroadenomas (Wurtz et al. 2005). Moreover, evidence showed that cancer patients 

with the great level of TIMP-1had a decreased survival rate that was disease-free as well 

a general decreased survival rate. It was also showed that increased levels of TIMP-1 in 

cancer cells were linked to decreased recurrence free survival (Wurtz et al. 2005). 

Studies in the future should be directed towards identifying the diagnostic levels of 

TIMP-1 in blood samples because the use of tissue samples can be difficult due to 

collection and storage of samples and heterogeneity of sample material (Wurtz et al. 

2005).   

Many findings have proved that TIMPs can suppress angiogenic responses in vitro 

(Jiang et al. 2002; Nakagami et al. 2002a; Murphy et al. 1993). Tumour growth and 

vascularity can be reduced in vivo by TIMP-2 (Imren et al. 1996). The mechanism 

involves suppressing MMP activity needed for endothelial cell migration and invasion, 

that is, an indirect inhibition of angiogenesis. TIMP-2 prevents angiogenic activities in 

vivo for FGF-2 and VEGF-A using an MMP independent orthovanadate-sensitive 

pathway (Seo et al. 2006). This shows that the pathway for TIMP-2 suppression of 

angiogenesis in vivo is essentially the same as that involved in suppressing the 

proliferation of hMVEC in vitro. Moreover, administration of orthovanadate did not 

arrest MMP activity nor did it interrupt TIMP-2 inhibition of MMP activity showing 

that it does not compromise the MMP inhibitory activity of TIMP-2 (Seo et al. 2006). 

It has been shown by studies that TIMP-2 inhibition of angiogenesis in vivo and the in 

vitro mechanism of endothelial cell growth suppression have two similar properties 

(Seo et al. 2008). These shared features are MMP inhibition is not involved (TIMP-2 is 

antiangiogenic) and both being easily affected by the PTP inhibitor orthovanadate (Seo 
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et al. 2008). As a result, both MMP inhibitor functions and MMP – independent 

activities (mainly growth suppression) can be carried out by TIMP-2 in vivo. In vitro 

experiments have proved in the past that TIMP-2 associated with α3β1 can bring about 

a signalling cascade that leads to improved PTP activity linked with angiogenic factor 

receptors (Oh et al. 2006). 

TIMP-2 inhibition of endothelial cell proliferation is a crucial factor of the TIMP-2 anti-

angiogenesis (Seo et al. 2003). Suppression of angiogenesis also requires downstream 

effects. The effects of TIMP-2 on additional endothelial cell functions required for 

angiogenesis, such as effects on cell survival, invasion, differentiation, remain to be 

detergiogenic therapies. FGF-2 or VEGF-A stimulation in vitro by TIMP-2 leads to 

suppression of endothelial cell proliferation (Seo et al. 2008; Seo et al. 2003). In vivo, 

TIMP-2 hinder angiogenic responses that have been brought about by either FGF-2 or 

VEGF-A. The PTP inhibitor orthovanadate annuls both the in vitro and in vivo effects, 

thereby suggesting that TIMP-2 induced SHP-1 mediated inactivation of RTKs, instead 

of anti MMP activity, is responsible for these responses (Seo et al. 2006). Finally, the 

principal antiangiogenic effects of TIMP-2 are not totally due to anti-MMP activity but 

also due to TIMP-2 induced SHP-1 mediated inactivation of RTKs. The suppressive 

effect of TIMP-2 on angiogenesis involves PTP activity and this indicates that partial 

manipulation of SHP-1 activity in endothelial cells may be a target for therapies in 

several pathologic conditions associated with angiogenic responses. At last, synthetic 

metalloproteinase inhibitors have been developed for clinical trials in cancer therapy 

and this was due to TIMP-2 inhibiting tumour growth.  
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Chapter 55 

Tsp-1  
Ali Salajegheh, Haleh Vosgha 

 

Abstract: A family of thrombospondins (TSPs) contains five matricellular proteins 

which are involved in regulation of cellular phenotype and tissue remodelling through 

interaction with a broad range of matrix proteins and cell-surface receptors. These 

proteins have been attributed to a myriad of physiological and pathological processes 

such as embryonic development, inflammation, wound healing, synaptogenesis, 

angiogenesis and neoplasia. Thrombospondin-1 (Tsp-1) is the most studied member of 

Tsp family which is initially purified from thrombin-activated platelet releasates. As it 

was later found as a secretion product from various epithelial and mesenchymal cells, it 

was primarily introduced as a regulator of cell-matrix and cell-cell interactions which 

affects platelet function. Tsp-1 was then recognized as the first natural inhibitor of 

angiogenesis. Due to its different cell receptors in addition to its multifunctional nature, 

Tsp-1 has been shown to both stimulate and inhibit angiogenesis, resulting in to have 

roles in both tumour progression and inhibition. Therefore, evidence has implicated 

Tsp-1 in having a key role in tumour biology and vascular diseases. 
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55.1  Thrombospondin-1 (Tsp-1) 

Thrombospondin-1 (Tsp-1) is an angiogenic inhibitor and it belongs to the extra 

cellular matrix proteins (Eichhorn et al. 2007). Its first discovery was in activated 

platelets and it is the most investigated protein of the Tsp family (Lawler et al. 

1978). It has been suggested that the Tsp family consist of five extracellular calcium 

binding proteins and those are Tsp-1, Tsp-2, Tsp-3, Tsp-4 and Tsp-5 (Lopez-Dee et 

al. 2011). The structures of Tsp-1 and Tsp-2 are similar and they both become 

expressed on the cell surface during physiological events (Lopez-Dee et al. 2011). 

Moreover, Tsp-1 has two globular domains, an N-terminal globular domain and a C-

terminal globular domain (Lopez-Dee et al. 2011). Tsp-1 N-terminal domain binds 

to integrins and different types of cellular proteins that have important roles in 

angiogenesis, cell motility and adhesion (Calzada et al. 2003). One of the important 

cellular receptors of N-terminal of Tsp-1 is CD36 which is present on the 

microvascular endothelium and is important for the anti-angiogenic effect (Tonini et 

al. 2003). In addition to its role in fatty acid and glucose metabolism, it has been 

suggested that CD36 has an important role in signal transduction upon binding to 

Tsp-1 (Gruarin et al. 2000). The anti-angiogenic effect of Tsp-1 has been mainly 

linked to its ability to bind to CD36. In addition to Tsp-1 CD36 mediated 

antiangiogenic effect, Tsp-1 can also induce cell cycle arrest (Eichhorn et al. 2007). 

The structural domain that contains the inhibitory activity of Tsp-1 is known as “Tsp 

type 1 repeat” (Eichhorn et al. 2007). The C-terminal domain of Tsp-1 binds to 

CD47 which has a great impact on angiogenesis (Isenberg et al. 2006). This binding 

has been linked to the modulation of nitric oxide which has important roles in both 
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normal and pathological processes (Carmeliet 2005). Therefore, the C-terminal 

domain of Tsp-1 has a crucial role in chemotaxis and vasodilation. 

 

55.2  Tsp-1 in Normal Physiology 

Tsp-1 is secreted by different types of cells such as endothelial cells, fibroblasts, 

smooth muscle cells, adipocytes, macrophages and malignant glioma cells 

(Naganuma et al. 2004). After the expression of Tsp-1 on the cell surface, it binds 

with fibronectin which is protein component of the extracellular matrix (Lopez-Dee 

et al. 2011). Therefore, Tsp-1 becomes stored in the extracellular matrix where it 

undergoes protein folding and changing in its confirmation. A number of 

intracellular events become activated when Tsp- 1 interacts with its receptor leading 

to endothelial cell apoptosis (Sargiannidou et al. 2001). It has been shown that Tsp-1 

is involved in inflammation, cancer and angiogenesis (Lopez-Dee et al. 2011).  

55.3  Tsp-1 in Disease 

Several studies have shown that pharmacological suppression or genetic depletion 

of TSP1 increases chronic kidney disease progression in animal models. This 

protein is capable of inhibiting angiogenesis, activating MMP-dependent ECM 

turnover and facilitating fibroblast activation and migration. These factors are all 

identified as important contributors to the progression of this disease (Zeisberg et al. 

2014). Gaussem and co-workers have shown that the plasma concentrations of TSP1 

in patients with the peripheral arterial disease are significantly higher compared to 

the control group (Smadja et al. 2011). Smadja have reported that the transgenic 

mice (TSP1-/-) were clinically and histologically protected from tissue necrosis 

caused by limb ischemia (Smadja et al. 2011). Other studies have shown that TSP1 
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can act as inflammatory or anti-inflammatory protein. Cadena conducted a study to 

compare the plasma level of TSP1 in rheumatoid arthritis patients and control 

groups (Rico et al. 2008b).  The result suggested that plasma levels of TSP1 were 

statistically higher in rheumatoid arthritis patients as compared to the control groups 

(Rico et al. 2008b). Human studies indicate that TSP-1 expression is higher in 

diabetic vessels than non-diabetic vessels. The author states that the increased 

expression of TSP-1 in the blood vessel is correlated to the augmented levels of 

glucose in diabetic patients (Rico et al. 2008a). Also, the mRNA expression of TSP-

1 by epithelial progenitor cell is shown to be significantly higher in diabetic mice as 

compared to wild-type mice (Choi et al. 2012). Studies in Local production or 

inhibition of TSP1 might be considered as a future treatment for many diseases. 

55.4  Tsp-1 in Malignancy 

There are conflicting results regarding the role of this gene in tumour progression, 

while most studies in the literature suggest that it inhibits tumour growth (Miyanaga 

et al. 2002), some other studies suggest that TSP-1 stromal levels are associated 

with tumour progression (Qian et al. 2001). Obviously, the role of TSP-1 in 

malignancies depends on the presence of certain factors plus TSP-1 expression 

levels within the tumour tissues. Regarding angiogenesis, many factors will 

determine the role of TSP-1 in angiogenesis such as TSP-1 levels, availability of 

angiogenic stimulators and their levels for example basic fibroblast growth factor 

(bFGF). The location of TSP-1 is crucial as in a rat aorta model, matrix TSP-1 

stimulates angiogenesis while in rat cornea it inhibits bFGF-induced angiogenesis.it 

was proved that the proteolytic state of TSP-1 would determine its inhibitory or 

stimulatory effect (Sargiannidou et al. 2001; Esemuede et al. 2004). 
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There are two ways through which TSP1 inhibits tumour growth. By directly acting 

on endothelial cell migration and survival, as it was shown that TSP-1 secreted from 

stromal fibroblasts, endothelial cells and immune cells, curtails tumour progression. 

However, by indirectly affecting the growth factors mobilization that are responsive 

to TGF-Beta (Transforming Growth Factor-Beta), TSP1 suppresses their growth 

through activation of TGF-Beta (Lawler 2002). The different mechanisms through 

which TSP-1 affects tumour growth opens the doors for new anti-angiogenic 

therapeutics, that can be used to treat many cancers along with other diseases where 

the disturbance in angiogenesis happens such as diabetic retinopathy (Lawler 2002).  

In colorectal cancer; it was proved that there is a strong association between 

decreased TSP-1 expression and malignant progression along with significant 

decrease in the survival rates (Rojas et al. 2008; Miyanaga et al. 2002). Different 

independent studies revealed that reduced TSP1 expression was associated with 

increased microvascular densities, increased invasion and poor prognosis (Miyanaga 

et al. 2002). The reduction in TSP-1 expression was associated with its methylation, 

suggesting what there is no “methylation-induced expression silencing”. It is 

believed that this methylation leads to a decrease in concentration of secreted active 

TGF-beta and attenuates its signalling growth as well (Li et al. 1999).  

Moving to Non-small cell lung cancer, when comparing NSCLC tissues with 

normal ones significantly lower levels of TSP-1 and higher microvessel densities 

were observed. The same thing was observed when comparing late-stage NSCLC 

with early-stage NSCLC and in those with lymph node metastasis compared with 

those without metastasis. However this significantly inverse correlation between 

TSP-1 expression and microvessels density was observed in squamous cell 
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carcinoma but not in adenocarcinoma .these results suggest an intimate relationship 

between micro vessel density and NSCLC progression, it also suggest that high 

expression of TSP-1 may play a crucial role in inhibiting tumour occurrence and 

development (Rojas et al. 2008). Furthermore, TXR1/TSP1 expression can be used 

to predict taxanes’ resistance in NSCLC treatment, where a study showed a 

correlation between TSP1 expression levels and response to docetaxel-based first–

line chemotherapy treatment in advanced/metastatic non-small-cell lung cancer 

patients. Patients with high TSP1 had longer progression free-survival, overall 

survival and response rate (Chen et al. 2009). 

Regarding the role of TSP-1 in oral squamous cell carcinoma, there are 

controversial results in the literature, where one of the studies suggested that MVD 

(microvascular density) counts were significantly lower in tumours with high levels 

of TSP-1 expression. It was also proved that expression levels were inversely 

correlated with the pattern of tumour invasion and with lymph nodal status. But 

there was no correlation between its expression and T category and the histologic 

grade. In addition, Kaplan –Meier analysis reveal that the 5-year survival rate of 

TSP-1 high expression groups was significantly higher than TSP-1 low expression 

groups (Papadaki et al. 2011). On the other hand, studies suggested that TSP-1 

expression levels were high in stroma of oral SCC and it’s produced by 

mesenchymal cells, but not by the epithelial cells. This increase in the stromal TSP-

1 levels was associated with an increase in the MMP-9 and thus enhancing the 

proteolytic activity in a paracrine manner along with an increase in motility 

(Hayashido et al. 2003).To conclude with oral SCC, TSP-1 expression is considered 

as a valuable tool to assess the aggressiveness and prognosis of oral SCCs because 
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of its inhibitory effect on tumour vascularity (Yao et al. 2000). However, the 

stromal TSP-1 levels gave a totally different indication (Hayashido et al. 2003).  

Results regarding the role of TSP-1 in pancreatic adenocarcinoma support the 

results seen in some oral SCC studies (Qian et al. 2001). High TSP- 1 stromal levels 

were observed in those carcinomas, where it was mostly produced by stromal cells 

as well as carcinoma cells (Mao et al. 2013; Kazerounian et al. 2008). Similarly, 

with Hepatocellular carcinoma, it was found that TSP-1 was synthesized in 

endothelial cells, Hepatocellular carcinoma cells and in fibroblasts that surround the 

tumour. This suggested that TSP-1 is synthesized basically by non-parenchymal 

cells that surround the tumour, like fibroblasts and endothelial cells (Hayashi et al. 

1997). 

Interestingly, TSP-1 expression in cervical cancer was frequently reduced, 

suggesting its intimate correlation with the malignant progression of cervical 

cancers. It was shown that the abnormal reduction of TSP-1 mRNA expression was 

caused by transcriptional down regulation of the gene such as epigenetic gene 

silencing, while a deletion or mutational changes of TSP-1 were rarely seen. As with 

other types of cancers the inverse correlation between TSP-1 and microvascular 

density is seen here as well, it was thought that it is associated with an angiogenic 

phenotype in cervical cancer (Kodama et al. 2001). 

Finally, its association with ovarian carcinoma was suggested as well. Data on this 

particular type of cancer revealed that a reduction in TSP-1 expression was 

associated with advanced epithelial ovarian carcinoma, therefore, the inhibitory 

effect of TSP1 was seen here as well (Alvarez et al. 2001). There is also a strong 
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correlation between the absence of TSP-1 expression with FIGO (International 

Federation of Gynaecology and Obstetrics) staging and histological grading of 

ovarian cancer (Wei et al. 2012).  
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Chapter 56 

Tumour necrosis factor-α (TNF-α) 
Ali Salajegheh, Haleh Vosgha 

 

Abstract: Tumour necrosis factor-α (TNF) has been discovered as a major regulator of 

inflammation. This protein was also identified as an essential role player in the cytokine 

network. As a pluripotent mediator, TNF- α affects a number of cellular/molecular 

pathways including adhesion, migration, angiogenesis and apoptosis. It is a member of 

TNF family which is largely produced by T-cells and macrophages. Its main function is 

the regulation of immune system by activating T-cells, B-cells and macrophages in 

order to induce other cytokine’s expression and cell adhesion molecules. Furthermore, 

the prominent expression of TNF- α in blood vessels endothelial cells reflects its role 

during wound healing. It has been reported that TNF- α has an indirect angiogenic role, 

depending on the synthesis of secondary mediators such as vascular endothelial growth 

factor (VEGF). However, its dual angiogenic (pro/anti) roles in different conditions 

have been made it difficult to understand. Overall, TNF- α dysregulation has been 

connected to various human inflammatory diseases in addition to several malignancies.         
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56. 1 Tumour necrosis factor-α (TNF-α)  

Tumour necrosis factor (TNF-α) is a type of chemical mediators known as 

adipokine involved in inflammation and acute phase reaction. It is secreted primarily by 

activated macrophages; however, it can also be produced by other immune cells such 

as natural killer cells (NK), lymphocytes and neutrophils (Mocellin et al. 2005). The 

primary role of TNF-α is the regulation of immune cells. Its clinical importance lies 

with its association with wound healing and various human diseases such as 

inflammatory bowel disease (IBD), prostate cancer.  

56.2  TNF- α in Normal Physiology  

TNF-α is an essential to stimulates local containment of infection, and increases the rate 

of wound healing cascade (Guo and DiPietro 2010).  It also stimulates endothelial cells 

at the injury site to express proteins that initiate the coagulation cascade in the local 

capillaries to reduce blood flow and prevent further loss of blood.  It is crucial in 

preventing the pathogens from entering the blood stream (bacteraemia), which would 

enable them to spread systemically causing septic shocks.  On the other hand, the fluid 

that has entered into local tissue carries the pathogen enclosed phagocytic cells, 

especially dendritic cells through the lymphatic system to regional lymph nodes, hence, 

initiating the adaptive immune response.  Also, an innate immune response is triggered 

by the local tissue destruction, which stimulates the recruitment of monocytes to the 

injury site (Guo and DiPietro 2010).  They secrete TNF-α, which speeds up the 

pathogen exclusion and wound healing process. Once most of the pathogens have been 

excluded, the release of TNF-α is reduced, and fibroblasts begin to proliferate to 

facilitate the tissue regeneration/wound healing cascade (Sinno and Prakash 2013).  
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Sepsis is the condition whereby there is presence of pathogens in the bloodstream 

(Thalheimer et al. 2005; Schulte et al. 2013).  It can result in the systemic release of 

TNF-α causing vasodilation and reduction in plasma volume due to increased vascular 

permeability, which can trigger a septic shock (Thalheimer et al. 2005; Schulte et al. 

2013).  In these situations, disseminated intravascular coagulation and blood clotting are 

also triggered by TNF-α, resulting in the depletion of clotting factors. It compromise in 

the normal coagulation cascade mechanism, so is often result in the failure of vital 

organs, for example, heart, liver, etc. and associated with death (Schulte et al. 2013).  

56.3  TNF-α in Disease 

TNF-α is believed to plays a significant role in inflammatory bowel disease (IBD) as it 

is a pro-inflammatory factor. One theory is that the over-imbalance of pro-inflammatory 

cytokines contributes to an over-active immune system and chronic inflammation of the 

gastrointestinal tract (GIT) (Komatsu et al. 2001).  Another theory of IBD is that the 

patient’s immune system is constantly being stimulated due to an unknown reason, 

hence is always in an activated state (Rubin et al. 2000). The binding of TNF-α with 

surface TNF-α receptor 1 and TNF- α receptor 2 stimulates inflammation of the GIT.  

Hence, it is contributing to the development of ulcers and persistent inflammation, 

which are characteristic of IBD (Papadakis and Targan 2000; Komatsu et al. 2001).   

Therefore, controlling the inflammation becomes an integral to the treatment of 

inflammatory bowel disease (IBD).  One way of controlling or modifying the 

inflammation is through medications.  Medications that modify the normal response of 

immune system are called, immunomodulators, and those that specifically targets TNF-

α are known as anti-TNF agents.  Modifying or supressing the imbalance in the immune 
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system can restore the immune system and therefore, prevents ongoing ulcer 

development and inflammation.  Anti-TNF medications works by binding to free 

floating TNF-α in the extracellular space and transmembrane TNF-α found on the cell 

surface, which prevents their subsequent binding to the target receptors, hence, reduces 

the effects of inflammation.  Examples of anti-TNF medication used in IBD include 

Infliximab (monoclonal antibody), Certolizumab Pegol (PEGylated Fab’), etc.  Survey 

has shown that ulcers can be healed within a few weeks in patients receiving anti-TNF 

therapy.  Common side effects of anti-TNF therapy may include developing tolerance of 

the medication, which occurs in 50% of the patients after undergoing anti-TNF therapy 

for 12 month.  Therefore, it is very important for the patients to be under the advice of 

their physicians when undertaking this type of therapy (Braegger et al. 1992). 

56.4  TNF-α in Malignancy 

Tumour necrosis factor-alpha (TNF-α) exhibits dual effects in the development of 

tumours.  It is cytotoxic to tumour cells in higher dose; however, it is also involved in 

tumour formation and angiogenesis in chronic release of low dosage in the tumour 

environment, such as in prostate cancer (Nakashima et al. 1998; Bertazza and Mocellin 

2010; Fajardo et al. 1992; Ricote et al. 2003).  

TNF-α has a dose-dependent opposing effects on angiogenesis. Animal studies indicates 

that TNF-α induces in vitro chemotaxis of adrenal capillary endothelial cells and 

initiates angiogenesis in lower doses (0.05–0.5 U/mL).  However, at higher TNF doses 

(0.5mg/L) prohibit angiogenesis and tumour formation (Nakashima et al. 1995).  These 

characteristics of TNF-α make it desirable in potential anti-cancer treatments as the 

delivery of high dose of TNF-α could slow down or inhibit the progression of 
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carcinogenic growth by reducing its vasculature, and like its name suggests, causing 

necrosis of tumours.  In the contrary, these researches also indicates that chronic release 

of low dose of TNF-α can increase the ability of cancerous tissue to metastasise due to 

its angiogenic effects (Nakashima et al. 1995). Therefore, two types of treatments have 

been developed based on current understanding of TNF-α: One is to reduce TNF-α level 

in patients to prevent further growth and metastasis of the tumour, and the other is to 

delivery high dose of TNF-α to the patient to induce tumour necrosis effects. 

Emerging evidence in recent studies indicate that TNF-α also has a significant role in 

castration-induced regression of the normal prostate (Debes and Tindall 2004). Prostate 

cancer development is regulated by androgen dependent gene pathways. Consequently, 

androgen removal was believed to be an effective method for the treatment of prostate. 

The treatment of prostate cancer has changed from castration (removal of testis) to 

interventions that are directly associated with the hypothalamic-pituitary-gonadal axis, 

which secretes testosterone (Szlosarek and Balkwill 2003). Initially, these therapies are 

very effective and results in improvement lasting 2-3 years.  However, all patients 

eventually develop castrate resistant prostate cancer (CRPC), which cannot be treated at 

this stage (Wang and Lin 2008; van Horssen et al. 2006). TNF-α is involved the 

progression of prostate cancer to a castrate resistant state, at least in some patients, as 

evidence suggests that long term exposure to low amount of TNF-α contributes to 

hypersensitivity to androgen-sensitive human prostate adenocarcinoma cells, thus 

induces the resistance(Smyth et al. 2004) . 

  



 

Haleh Vosgha       School of Medicine     294 

 

Reference 

Bertazza L, Mocellin S (2010) The dual role of tumor necrosis factor (TNF) in cancer 
biology. Current medicinal chemistry 17 (29):3337-3352 

Braegger CP, Nicholls S, Murch SH, Stephens S, MacDonald TT (1992) Tumour 
necrosis factor alpha in stool as a marker of intestinal inflammation. Lancet 339 
(8785):89-91 

Debes JD, Tindall DJ (2004) Mechanisms of androgen-refractory prostate cancer. The 
New England journal of medicine 351 (15):1488-1490. 
doi:10.1056/NEJMp048178 

Fajardo LF, Kwan HH, Kowalski J, Prionas SD, Allison AC (1992) Dual role of tumor 
necrosis factor-alpha in angiogenesis. The American journal of pathology 140 
(3):539-544 

Guo S, DiPietro LA (2010) Factors Affecting Wound Healing. Journal of Dental 
Research 89 (3):219-229. doi:10.1177/0022034509359125 

Komatsu M, Kobayashi D, Saito K, Furuya D, Yagihashi A, Araake H, Tsuji N, 
Sakamaki S, Niitsu Y, Watanabe N (2001) Tumor necrosis factor-alpha in serum 
of patients with inflammatory bowel disease as measured by a highly sensitive 
immuno-PCR. Clinical chemistry 47 (7):1297-1301 

Mocellin S, Rossi CR, Pilati P, Nitti D (2005) Tumor necrosis factor, cancer and 
anticancer therapy. Cytokine & growth factor reviews 16 (1):35-53. 
doi:10.1016/j.cytogfr.2004.11.001 

Nakashima J, Tachibana M, Ueno M, Baba S, Tazaki H (1995) Tumor necrosis factor 
and coagulopathy in patients with prostate cancer. Cancer research 55 
(21):4881-4885 

Nakashima J, Tachibana M, Ueno M, Miyajima A, Baba S, Murai M (1998) 
Association between tumor necrosis factor in serum and cachexia in patients 
with prostate cancer. Clinical cancer research : an official journal of the 
American Association for Cancer Research 4 (7):1743-1748 

Papadakis KA, Targan SR (2000) Tumor necrosis factor: biology and therapeutic 
inhibitors. Gastroenterology 119 (4):1148-1157 

Ricote M, Royuela M, Garcia-Tunon I, Bethencourt FR, Paniagua R, Fraile B (2003) 
Pro-apoptotic tumor necrosis factor-alpha transduction pathway in normal 
prostate, benign prostatic hyperplasia and prostatic carcinoma. The Journal of 
urology 170 (3):787-790. doi:10.1097/01.ju.0000082712.41945.17 

Rubin GP, Hungin AP, Kelly PJ, Ling J (2000) Inflammatory bowel disease: 
epidemiology and management in an English general practice population. 
Alimentary pharmacology & therapeutics 14 (12):1553-1559 

Schulte W, Bernhagen J, #xfc, rgen, Bucala R (2013) Cytokines in Sepsis: Potent 
Immunoregulators and Potential Therapeutic Targets&#x2014;An Updated 
View. Mediators of Inflammation 2013:16. doi:10.1155/2013/165974 

Sinno H, Prakash S (2013) Complements and the Wound Healing Cascade: An Updated 
Review. Plastic Surgery International 2013:7. doi:10.1155/2013/146764 

Smyth MJ, Cretney E, Kershaw MH, Hayakawa Y (2004) Cytokines in cancer 
immunity and immunotherapy. Immunological reviews 202:275-293. 
doi:10.1111/j.0105-2896.2004.00199.x 

Szlosarek PW, Balkwill FR (2003) Tumour necrosis factor alpha: a potential target for 
the therapy of solid tumours. The Lancet Oncology 4 (9):565-573 



 

Haleh Vosgha       School of Medicine     295 

 

Thalheimer U, Triantos CK, Samonakis DN, Patch D, Burroughs AK (2005) Infection, 
coagulation, and variceal bleeding in cirrhosis. Gut 54 (4):556-563. 
doi:10.1136/gut.2004.048181 

van Horssen R, Ten Hagen TL, Eggermont AM (2006) TNF-alpha in cancer treatment: 
molecular insights, antitumor effects, and clinical utility. The oncologist 11 
(4):397-408. doi:10.1634/theoncologist.11-4-397 

Wang X, Lin Y (2008) Tumor necrosis factor and cancer, buddies or foes? Acta 
pharmacologica Sinica 29 (11):1275-1288. doi:10.1111/j.1745-
7254.2008.00889.x 

 

 



 

Haleh Vosgha       School of Medicine     296 

 

Chapter 57 

 Urokinase plasminogen activator  
Ali Salajegheh, Haleh Vosgha  

 

Abstract: The urokinase plasminogen activator system (uPAS) is an essential 

mechanism in a wide variety of biological processes such as  fibrinolysis, inflammation, 

atherosclerotic plaque formation, matrix remodeling during wound healing, tumor 

invasion, angiogenesis, and metastasis. The urokinase plasminogen activator (uPA) is a 

member of the urokinase plasminogen activator system (uPAS) which can bind to its 

receptor (uPAR) and initiates a proteolytic cascade resulting in the conversion of 

plasminogen to plasmin. Plasmin with its proteolytic function leads to degradation a 

number of extracellular basement membrane components as well as activation of 

metalloproteinases. This enzymatic function of uPA is involved in a range of 

physiopathological processes requiring basement membrane (BM) and/or extracellular 

matrix (ECM) remodeling, including tumor progression and metastasis. It has been 

frequently reported that the overexpression of uPA and its receptors is associated with 

tumour invasion and metastasis. Moreover, an increased expression of uPA, uPAR, and 

PAI-1is correlated with poor prognosis in several cancers including breast cancer. 

Therefore, due to the involvement of uPA in cancer progression, uPA system can be a 

potent candidate for manipulation and cancer treatment as a targeted therapy.       
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57.1  Urokinase plasminogen activator (uPA) 

Urokinase plasminogen activator (uPA) is a serine protease, which has been shown to 

play key roles in numerous physiological processes, including the stimulation of 

angiogenesis (Ulisse et al. 2009; Huang et al. 2015; Choong and Nadesapillai 2003). 

uPA forms part of the urokinase plasminogen activator system (uPAS), along with the 

receptor uPAR and its two inhibitors PAI-1 and PAI-2 (Duffy 2004). This chapter is 

focused on the protease uPA, which is responsible for regulating the migration, 

proliferation and adhesion of cells in the process of tissue remodeling. uPA is a key 

regulator of angiogenesis, but affects many other cellular processes including protein 

expression, receptor shedding, cytokine modulation, tissue remodeling and phenotypic 

modulation (Parfenova et al. 2009; Lund et al. 2011).  

57. 2 uPA in Normal Physiology 

The role of uPA in angiogenesis is well established (Hildenbrand et al. 1995; Kaneko et 

al. 2003; Min et al. 1996; Heymans et al. 1999; Parfyonova et al. 2002; Traktuev et al. 

2007). For angiogenesis to occur endothelial cells must proliferate, the extracellular 

matrix must be degraded, endothelial cells must migrate and a new matrix must be 

synthesized. uPA has been shown to play an important role in extracellular matrix 

remodeling and the release of growth factors for angiogenesis (Mekkawy et al. 2014). 

uPA binds to uPAR at the cell surface and causes a protein cascade including plasmin 

formation. Plasmin formation results in the activation or release of matrix 

metalloproteases (MMPs), such as MMP-3 and MMP-12 (Mekkawy et al. 2014; Duffy 

2004). MMPs cause extracellular proteolysis and degradation of basement membrane 

proteins, including fibronectin. This process where the vessel is destabilized is a 
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necessary step so that endothelial cells can migrate to allow the generation of new 

capillaries (Parfenova et al. 2009). Plasmin activation through uPA also results in the 

release of growth factors for angiogenesis, including hepatocyte growth factor (HGF), 

vascular endothelial growth factor (VEGF), FGF2 and TGFß. These growth factors 

stimulate angiogenesis. For example, VEGF promotes endothelial cell proliferation 

following the degradation of the extracellular matrix by uPA (Duffy 2004). A study by 

Tsokolaeva et al. examined mice with infarcted hearts and revealed that those deficient 

in uPA had impaired angiogenesis and that this process was not stimulated by VEGF. 

This indicated that VEGF angiogenic activity is dependent upon uPA (Traktuev et al. 

2007). This reveals the importance of uPA for myocardial angiogenesis. 

Through these mechanisms uPA plays an essential role in regulating angiogenesis in 

normal physiology. The expression of uPA is correlated with angiogenesis in the female 

reproductive tract (Parfyonova et al. 2002). The fundamental role uPA plays in normal 

physiology is also seen in its facilitation of wound healing through regulation of 

angiogenesis. A study by Piao et al., revealed that the lipid sphingomyelin metabolite, 

sphingosylphosphorylcholine (SPC), is able to improve wound healing through 

upregulation of uPA (Piao et al. 2005). SPC increased the transcriptional and 

translational levels of uPA. These increased uPA levels stimulated angiogenesis and this 

was shown to significantly accelerate the closure of a wound in an in vitro model. This 

study revealed the importance of uPA in angiogenesis for wound healing. uPA 

stimulates extracellular matrix degradation and cell migration, facilitating angiogenesis. 

This provides a route for nutrients and immune cells to reach the injury site, improving 

wound repair (Piao et al. 2005). 
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57.3  uPA in Disease 

uPA plays a complex and important role in angiogenesis in inflammation, tissue 

ischemia and malignant tumours. Hence, intervening with the role of uPA holds 

therapeutic promise. Excessive expression of uPA has been shown to promote tumour 

growth and metastasis, thus suggesting that locally suppressing the activity of uPA may 

be a target for anti-cancer therapies (Parfyonova et al. 2002). On the other hand, uPA 

overexpression has been suggested as a method of stimulating angiogenesis in ischemic 

tissues (Traktuev et al. 2007). This complex role in disease and malignancy is discussed 

in the following paragraphs. 

The role of uPA in stimulating angiogenesis suggests its therapeutic significance as a 

thrombolytic drug in infarction. Numerous studies have shown that uPA provides tissue 

protection and improved blood flow to ischemic tissue. Tsokolaeva et al. studied mice 

with experimentally produced hindlimb ischemia (Traktuev et al. 2007). It was 

concluded that wild type mice were better able to restore blood flow than mice with 

uPA deficiency. Additionally, uPA did not cause oedema or hypervascularisation of 

nonischemic regions (Traktuev et al. 2007). Such studies indicate the relevance for uPA 

in treating tissue ischemia. Heymans et al. (Heymans et al. 1999) showed that uPA is 

critical for angiogenesis following myocardial infarction. This study concluded that 

mice with uPA deficiency had impaired myocardial angiogenesis following heart 

infarction. They suffered depressed cardiac contractility, ischemia and arrhythmias, 

resulting in death (Heymans et al. 1999). 

57.4  uPA in Malignancy  
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The involvement of uPA in tumor malignancy has been a focus of much research 

(Choong and Nadesapillai 2003; Ulisse et al. 2009; Duffy et al. 1988; Mekkawy et al. 

2014; Duffy 2004). Current data indicates that through stimulating angiogenesis uPA 

plays a fundamental role in tumor growth and progression (Duffy 2004). Mekkawy et 

al. found that high uPA levels in tumour tissue correlated with tumor aggressiveness 

and survival (Mekkawy et al. 2014). uPA is involved at numerous steps in cancer 

progression by facilitating the migration of endothelial, smooth muscle, inflammatory 

and cancerous cells – therefore facilitating invasion, angiogenesis and cancer metastasis 

(Mekkawy et al. 2014). Proteolysis of the extracellular matrix and basement membrane, 

which is caused by uPA, is necessary to facilitate angiogenesis, invasion and metastasis 

of a tumor (Parfenova et al. 2009).  

Duffy et al, described uPA to be an extremely significant prognostic factor for breast 

cancer (Duffy et al. 1988).. A study of 8377 patients with breast cancer revealed that 

uPA levels measured is a stronger predictor of breast cancer outcome than tumor grade 

or tumor size. The concentration of uPA in breast tissue extracts of benign tumours was 

found to be 19 times lower than in cancer tissue (Duffy et al. 1988). This is due to uPA 

involvement in angiogenesis but also in other steps of tumor development (Mekkawy et 

al. 2014). Jelisavac-Cosic et al. (Jelisavac-Cosic et al. 2011) completed a seven and a 

half year follow up study on patients with invasive breast cancer, which showed a 

correlation between elevated uPA levels and aggressiveness of the tumour. 

Additionally, recent investigations have associated uPA with metastasis and poor 

outcome for melanoma patients. The levels of uPA found in melanomas are 

significantly elevated compared to normal levels (Gershtein et al. 2001).  
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The results of such studies have indicated that uPA could be an attractive target in 

tackling cancer. Research has primarily focused on inhibiting uPA via two main 

mechanisms – either by preventing uPA binding to uPAR or by inhibiting the catalytic 

activity of uPA (Mekkawy et al. 2014). A study by Min et al. showed how uPAR 

antagonists can be successful in inhibiting tumour angiogenesis and progression (Min et 

al. 1996). In an in vitro model, the growth factor domain of uPA was bound to the Fc 

portion of IgG. This molecule antagonized the action of uPA binding its receptor. 

Angiogenesis was inhibited and B16 melanoma growth was suppressed in syngeneic 

mice (Min et al. 1996).  

While the link between uPA levels and tumour aggressiveness is well established for 

some cancers, some studies on the relevance of uPA is certain cancers have yielded 

conflicting results (Mekkawy et al. 2014). Numerous studies have shown that uPA 

expression is higher in gastric tumour than in normal tissue and that high uPA levels are 

linked with shorter survival (Mekkawy et al. 2014). Kaneko et al. showed that increased 

levels of uPA correlated with tumor angiogenesis and also with a decreased survival 

rate for patients with gastric cancer (Kaneko et al. 2003). This study on tumors from 

101 patients concluded that survival of patients with uPA protein expression was lower 

than patients with negative expression. uPA was shown to be correlated with tumor 

microvessel density (MVD), suggesting an important role of uPA in angiogenesis in 

gastric cancer (Kaneko et al. 2003). However, the results of other studies have 

suggested that prognosis of gastric cancer is not correlated with uPA levels (Mekkawy 

et al. 2014). Therefore, further research is required in this area. In 2015, a study for the 

first time has found the correlation between elevated expression of uPA and tumour 

invasiveness of endometrial endometrioid adenocarcinoma (EEC) (Huang et al. 2015). 
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However, unlike the uPA angiogenic involvement in other malignancies such as breast 

cancer, the mechanism of this gene in tumorigenesis and metastasis of EEC is not 

completely clear.  
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Chapter 58 

Vascular endothelial growth factor (VEGF)  

Ali Salajegheh, Haleh Vosgha 

 

Abstract: One of the best-validated signalling pathways in angiogenesis is vascular 

endothelial growth factor (VEGF) and its receptors.  VEGF family encompasses 7 

VEGF glycoproteins members including, VEGF-A, VEGF-B, VEGF-C, VEGF-D, and 

VEGF-E and placental growth factors 1 and 2 (PLGF). Of these, the very well-

characterized member is VEGF-A. Vascular endothelial growth factor, also known as 

vascular permeability factor (VPF), is an endothelial cell-specific mitogen and motogen 

which promotes angiogenesis and is a potent mediator of vascular permeability as well 

as being a key mediator of tumour-associated neoangiogenesis and progression. VEGF 

has been shown as an autocrine stimulator of proliferation, migration and survival in 

haematological, pancreatic and prostatic tumour cells. In addition to this, its expression 

is upregulated in the majority of human tumours and many other disorders. Therefore, 

inhibition of VEGF in xenografts brought a promising horizon for antineoplastic and 

antiangiogenic methods of cancer treatment and revealed the regulating role of VEGF in 

angiogenesis and tumour growth. 
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58.1  Vascular endothelial growth factor (VEGF)  

Vascular endothelial growth factor (VEGF) is a molecule that activates the process of 

angiogenesis (Folkman and Shing 1992; Folkman 1995). Under normal physiological 

conditions, VEGF protein functions to form new blood vessels during embryonic 

development, new blood vessels after injuries, the formation of new vessels to bypass 

blocked vessels (collateral circulation) and form muscle following exercise (Hoeben et 

al. 2004). VEGF is also responsible for stimulating vascular endothelial cell growth, 

survival and proliferation (Boehm et al. 1997).  

VEGF belongs to a family of proteins that are all structurally related (Hoeben et al. 

2004). They all regulate the growth of different components of the vascular system, in 

particular, blood and lymph vessels. VEGF-B, VEGF-C and VEGF-D, VEGF-E (viral 

factor) and Placental Growth Factors (PLGF) are all members of this family (Ferrara 

and Davis-Smyth 1997). However, of these, VEGF-A  (simply known as VEGF) is the 

most angiogenic protein inducing migration of endothelial cells, mitosis of endothelial 

cells, increasing metalloproteinase activity and the creation of blood vessel lumen 

(Stuttfeld and Ballmer-Hofer 2009). In addition to VEGF-A’s mitogenic (endothelial 

cells) biological properties, it also is a vasodilator, thus inducing increased 

microvascular permeability (Stuttfeld and Ballmer-Hofer 2009).  

 58.2  VEGF in Normal Physiology 

There are a wide variety of human and animal tissues, expressing low levels of VEGF-

A, while some tissues such as fetal tissues, the placenta, corpus luteum and in many 

human tumours, requiring angiogenesis produce high levels of VEGF-A (Roskoski 

2007; Maharaj et al. 2006). VEGF-A plays an important role in postnatal angiogenic 
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processes; wound healing, ovulation, menstruation, maintenance of blood pressure and 

pregnancy, to name a few. This protein enhances the permeability of endothelial cells 

through increasing the activity of vesicular-vacuolar organelles which are clustered 

vesicles to promote the transport of metabolites between luminal and abluminal plasma 

membrane. VEGF-A can also increase the permeability of endothelial cells by affecting 

the arrangement of cadherin/catenin complexes in order to weaken the adherence of 

endothelial cell junctions (Esser et al. 1998; Dvorak et al. 1995; Kevil et al. 1998). 

All Vascular Endothelial Growth Factor ligands elicit their angiogenic response by 

binding to VEGF specific receptors, which are all tyrosine kinase receptors (VEGFRs). 

The binding of the VEGF ligand to VEGFR causes dimerization and activation via 

transphosphorylation and signal transduction (Cébe-Suarez et al. 2006). VEGFR-1, 

VEGFR-2 and VEGFR-3 are known as the primary receptors for VEGF. VEGFR-1 and 

VEGFR-2 are more closely related to angiogenesis whereas VEGFR-3 is associated 

with Lymphangiogenesis (Hicklin 2004). VEGF receptors vary in their endothelial 

expression. VEGFR-2 is expressed on almost all endothelial cells, however VEGFR-1 

and VEGFR-3 are expressed in distinct vascular beds (Witmer et al. 2002). Extracellular 

co-receptors Neuropilin-1 and Neuropilin-2 are believed to somewhat increase ligand 

binding affinity to primary receptors (VEGFR-1,2,3) but their specific role in 

angiogenesis is still not clearly understood (Kumar et al. 2009). VEGFR-1 is an 

important receptor for embryonic angiogenesis (vessel formation) but does not however 

associate closely with any pathologic conditions. VEGFR-2 on the other hand is 

responsible for the majority of angiogenic effects given off by VEGF including 

microvascular permeability, endothelial cell proliferation, migration, invasion and 

survival of blood vessels (Wiesmann et al. 1997). 
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VEGF-A is one of the main growth factors released by activated platelet during 

inflammation. The gene attracts monocytes and neutrophils. VEGFR-1 is expressed on 

inflammatory cells (Dvorak 2002). Specific role or mechanism that VEGF-A plays in 

the process is not very clear but it is known that the neutrophils and monocytes that are 

recruited from the circulation produce a number of pro-inflammatory cytokines such as 

IL-1B and TNF-a  (Hoeben et al. 2004). These cytokines also up-regulate gene 

expression of VEGF-A in keratinocytes at wound margins. The formation of new blood 

vessels plays an integral part in wound healing.  

58.3  VEGF in Disease 

VEGF has been shown to be involved in several diseases including eye diseases, 

proliferative diabetic retinopathy (PDR), diabetic macular edema (DME), heart failure, 

and hydrocephalus (Taimeh et al. 2013; Osaadon et al. 2014; Gupta et al. 2013; Penn et 

al. 2008; Testa et al. 2008; Shim et al. 2014).  

Development of both proliferative diabetic retinopathy (PDR) and diabetic macular 

edema (DME) is associated with the central role of VEGF (Gupta et al. 2013; Osaadon 

et al. 2014). VEGF can lead to altering retinal capillary permeability through increasing 

the phosphorylation of some proteins involved in tight-junctions such as zonula 

occludens (Antonetti et al. 1999). High levels of VEGF result in activation of mitogen-

activated protein (MAP) and endothelial cell proliferation. VEGFR-2 induction has 

been also reported to activate the phophatidylinositol 3-kinase (PI3)/Akt pathway. 

These cascades can promote endothelial cells to release matrix metalloproteinases 

(MMPs) and urokinase-type plasminogen activator which subsequently lead to 

basement membranes degradation and cell migration. Basement membranes for the 
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newly formed capillaries have been synthesized following by proliferation and 

migration of endothelial cells (Witmer et al. 2003). Pericytes and smooth muscle cells 

that are regulated by platelet-derived growth factor (PDGF) are key factor to control the 

stability of these capillaries (Osaadon et al. 2014; Gupta et al. 2013). There are several 

available drugs against VEGF with the purpose of reducing neovascularization and 

vessel leakage by blocking its effects.  Bevacizumab, Ranibizumab, Pegaptanib and 

Aflibercept are these commercial drugs in this class which are effective in inhibiting 

neovascularization associated with various retinal proliferative vascular diseases 

(Osaadon et al. 2014; Gupta et al. 2013).   

Heart failure has several underlying causes among which dysfunctional blood vessel 

formation is a main problem (Taimeh et al. 2013). According to some researches, initial 

upregulated of VEGF has been observed in the initial phases of heart failure, however 

decreased expression of VEGF-A is connected to disproportionate microvascular 

growth and decreased capillary density (Murohara et al. 1998). Valuable information 

has been gathered about the potential function of targeting VEGF as a treatment option 

for heart failure. However, it has not, to date, published the clinical benefits of VEGF 

gene therapy in patients with coronary artery disease or peripheral artery disease (Testa 

et al. 2008).     

Hydrocephalus is a medical condition characterized by abnormal accumulation of 

cerebrospinal fluid (CSF) in the brain ventricles (Shim et al. 2014). It has been noticed 

that high expression of VEGF is linked to CSF of neonatal and pediatric patients with 

hydrocephalus (Naureen et al. 2014). Furthermore, elevated VEGF has been reported in 

the cerebral tissues adjacent to the neuroepithelium of premature infants with 
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ventriculomegaly in the presence of hemorrhage and in the periventricular white matter 

following subarachnoid hemorrhage (Chu et al. 2011). However, hydrocephalus is 

believed a secondary event next to infection and traumatic brain injury. Therefore, 

elevated VEGF in the CSF could be a consequence of hydrocephalus and a number of 

injury mechanisms could increase VEGF and can play as a repair response to 

insufficient angiogenesis, cerebral injury or neural degeneration (Shim et al. 2014).  

58.4  VEGF in Malignancy 

VEGF is a principal regulator of tumour angiogenesis. VEGF can establish new 

vasculature in early stages of tumour development (Karamysheva 2008). By recruiting 

bone-marrow-derived progenitor cells, VEGF is able to stimulate tumour growth at 

primary and metastatic sites (Hoeben et al. 2004). After the establishment of the blood 

vessels, VEGF can continue to help the vessels grow via endothelial cell proliferation, 

migration and invasion. Furthermore, VEGF also help the supporting blood vessels to 

survive by inhibiting endothelial cell apoptosis and fuelling the tumour with adequate 

nutrients (Felmeden et al. 2003).  

Under hypoxic conditions the human body up regulates Erythropoietin (EPO) gene 

transcription, the hormone that increases number of erythrocytes to meet the body’s 

metabolic needs (Haase 2013; Haase 2010). It is quite common to observe localised 

hypoxia within a specific region or organ due to insufficient perfusion. VEGF-A plays a 

key role angiogenesis and neo-vascularisation, increasing oxygen and energy substrate 

perfusion (Carmeliet and Jain 2000; Hillen and Griffioen 2007). VEGF mRNA 

transcription is up regulated when cells are under hypoxic or hypoglycaemic pressure. 

Usually hypoxia decreases the global rate of translation; however VEGF mRNA’s have 
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an internal ribosome entry site (IRES) that drives protein synthesis during time of low 

oxygen (Semenza 2001). Hypoxic inducible protein complex (HIF-1) produced by 

hypoxic cells binds to enhancer sequences of VEGF-A  gene, EPO gene and other 

important genes such as one for crucial glucose transporters and glycolytic enzymes 

(Haase 2013; Haase 2010). VEGF is released as a result. The HIF-1 gene is a 

heterodimer made up of HIF-1a and HIF-1B subunits. Under normal levels of oxygen 

HIF-1a is degraded via hydroxylation then ubiquitination (Hoeben et al. 2004). HIF-1b 

is always expressed and is very stable. Growth factors such as insulin like growth 

factors 1 and 2 and bFGF have also been studied and shown to increase expression of 

HIF-1a (Carmeliet et al. 2001). VEGFR-1 up regulation expression is also hypoxia 

induced as well as VEGFR- Placental growth factor (PIGF) a gene that binds to 

VEGFR1 apparently also is hypoxia induced in several body tissues and along with 

VEGF has synergistic effects on angiogenesis (Enholm et al. 1997). 

Tumour Necrosis Factor-Alpha (TNF-a) is an inflammatory cytokine that triggers the 

release of a number of angiogenic molecules (bFGF, PAF, VEGF-A and VEGF-C) as 

well as up regulating other proteolytic systems (Hoeben et al. 2004). More importantly, 

TNF-a has actually been proven to increase VEGFR-2 transcription within endothelial 

cells (Sainson et al. 2008; Giraudo et al. 1998). Other growth factors that have been 

shown to increase VEGF-A mRNA expression include Tissue Growth factor (TGF), 

Platelet Derived Growth factor BB (PDGF-BB) and Epidermal Growth factor (EGF). 

According to a study published in 1998, VEGF-A mRNA is triggered in vivo in wounds 

by PDGF and also by EGF and TGF but to a lesser effect (Carmeliet and Collen 1998). 

Another study also proposed that IL-1 in human synovial fibroblasts and IL-6 in tumour 

cell lines also induce VEGF-A expression (Hyder 2002). 
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Of the many hormone studied to be involved with VEGF, estrogens show the most clear 

angiogenic biological properties (Barnabas et al. 2013). Estrogens have been shown to 

trigger gene transcription of VEGF-A whilst also stabilising VEGF-A mRNA which 

extends the half- life of the transcripts (Ruohola et al. 1999). The 5’ regulatory regions 

within the VEGF-A gene are not associated with the Estrogen response; rather the 

regulatory regions with AP-1 and Sp1 sites are the ones that are associated with 

Estrogen mechanism (Hoeben et al. 2004). The effect of testosterone on VEGF-A gene 

transcription has been studied in androgen-dependent S115 mouse breast cancer cell 

line as well as human prostatic tissue. According to the study, it was found that 

testosterone increased VEGF-A expression whilst VEGF-B and VEGF-C are not 

affected by the hormonal treatment to the same effect of VEGF-A (Scaldaferri et al. 

2009). 

As explained in the introductory section, tumour growth and metastatic dissemination 

are closely linked with angiogenesis - a vital supply of blood, nutrients and oxygen 

(Carmeliet and Jain 2000). VEGF pathway is a key regulator of this process and has 

been well documented in scientific literature (Senger et al. 1993; Roskoski 2007). The 

activation of the VEGF/VEGF-receptor pathway starts a number of signalling processes 

that initiate endothelial cell growth, migration, mitogenesis, vessel permeability, 

migration and differentiation and pre-existing vasculature survival (Sakurai and Kudo 

2011). Overexpression of VEGF has been shown to have a link with tumour 

development and growth in colorectal carcinomas, thyroid, prostate cancer, pancreatic 

carcinomas gastric carcinomas, breast cancer, cervical cancer and melanoma 
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(Salajegheh et al. 2013; Tomao et al. 2014; Dana et al. 2015; Salajegheh et al. 2015; 

Salajegheh et al. 2014; Hirakawa et al. 2005; Nishida et al. 2006). 

VEGF is an extremely powerful inducer of vascular permeability – in fact 50,000 fold 

more potent than histamine. This biological property of VEGF is of upmost importance 

with regards to hyper permeability of vessel of tumour that can be attributed to tumour 

cell expression of VEGF (Matsumoto and Ema 2014). The permeability is said to 

induce leakage of many plasma proteins into the interstitial fluid. These include 

fibrinogen and clotting proteins (Gerber et al. 1998). The deposit of fibrin within 

extravascular spaces can alter normally antiangiogenic stroma in typical tissues into a 

pro-angiogenic environment.  

VEGF can induce a several different effects on vascular endothelial cells including 

morhophological changes, alterations in cytoskeleton and stimulation of cell growth and 

migration (Matsumoto and Ema 2014). VEGF is known to upregulate the expression of 

many endothelial cells genes such as procoagulant tissue factor, fibronylytic pathway 

proteins, GLUT-1 glucose transporters, nitric oxide synthase (Gerber et al. 1998). 

VEGF also shows vasodilation properties through the release of nitric oxide (NO) and 

prostaglandins. Increased heart rate, hypotension comes as a result (Yang et al. 2002).  

VEGF has been clinically proven to be an apoptosis inhibitor by increasing gene 

expression of anti-apoptic proteins including bcl-2 and activating a pathway by the 

name of P13K-Akt in vitro (Hicklin 2004). Endothelial cells of the newly formed 

vessels of tumour are known to show particular dependence of VEGF but not those that 

are well established. 
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VEGF acting as a mitogen for endothelial cells induces proliferation mainly involving 

VEGFR-2 as they are able to activate a few extracellular kinases. Protein Kinase C 

pathways also seems another pathway by which proliferation is mediated (Garcia-

Barros 2003).  

The bone marrow is responsible for production of hematopoietic stem cells (HSC’s), 

endothelial cells, osteoblasts and osteoclasts all which are responsive to VEGF (Yoder 

2012). Endothelial progenitor cells (EPC)’s originate from HSC’s and when stimulated 

can enter the circulation (Yoder 2012). Once in the circulation EPC’s are referred to as 

circulating EPCs (CEPs). Scientific evidence suggests that EPCs that are bone marrow 

made aid tumour vascularisation as they are taken to neovascularisation areas and 

complement angiogenesis (Dias et al. 2000). 

VEGFR’s on the endothelium of tumours are stimulated by VEGF (Olsson et al. 2006). 

Numerous studies have also investigated the role of VEGF on stimulation of VEGFRs 

on tumour cells themselves on non-small lung cell carcinomas, prostate carcinomas, 

breast carcinomas and melanomas (Garcia-Barros 2003; Adams et al. 2000; Rajabi et al. 

2012; Achen and Stacker 2006; Alevizakos et al. 2013; Botelho et al. 2010; Das and 

Wakelee 2012). VEGFR expression by tumour cells in addition to already known 

capacity for malignancies to express VEGF introduces a potential role for a 

VEGF/VEGFR autocrine loop within these tumours. Treatment with Bevacizumab 

shows that these autocrine loops lie within human leukaemia and support cell survival 

and migration in vivo cell leukaemia (Zahiragic et al. 2007). Clinical blocking of the 

VEGFR-2 gene via a synthetic antibody administered to mice bearing human leukemic 

xenografts resulted in reduced tumour growth (Sullivan and Brekken 2010).  
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The VEGF pathways close association with tumour related angiogenesis poses an 

obvious therapeutical exploitation area in oncology studies (Ferrara and Kerbel 2005). 

By inhibiting the VEGF pathway, anti- angiogenesis treatment can be achieved to arrest 

or slow down tumour growth. One of the most well-known of the angiogenesis 

inhibitors is a drug called Bevacizumab (Avastin) as a monoclonal antibody – a 

laboratory synthesised molecule that is made in such a way that they mimic the 

antibodies that the human body naturally produces as part of the immune system (Shih 

and Lindley 2006). The antibody binds to VEGF and blocks signalling of the molecule, 

leading to supressed formation of new blood vessel growth (Wild et al. 2000). Reduced 

nutrient supply to the tumour can slow or stop its growth. The U.S. Food and Drug 

Administration (FDA) approves of Bevacizumab to be used alone for glioblastoma 

(tumours that originate from connective tissue in brain) and when in combination with 

other drugs for treatment of non-small cell lung cancers, metastatic colorectal cancer as 

well as metastatic renal cell cancer (Summers et al. 2010; Cohen et al. 2007b, a; Gil-Gil 

et al. 2013). Anti-VEGFR-2 antibodies have also been used and shown to decrease 

signalling, angiogenesis and primary metastatic growth (Niu and Chen 2010). Another 

option is to block VEGFR tyrosine kinase activity via tyrosine kinase inhibitors (Dias et 

al. 2000). Antiangiogenic conditions can also be achieved via inhibition of other 

regulators of VEGF gene regulation such as HIF-1a and COX-2 (Messmer-Blust et al. 

2009; Wang et al. 2004). Tumour specific toxins can also be administered which induce 

vascular damage within tumour cells without producing toxic effects to normal tissues 

(Hoeben 2004).  An example is VEGFA165-DT385 conjugate, which has been shown to 

inhibit tumour growth in vivo (Hoeben 2004). Apoptosis induced drug delivery (AIDD), 

a relatively new mechanism undergoing research aims to efficiently deliver drugs from 



 

Haleh Vosgha       School of Medicine     316 

 

carrier cells to tumour cells (Ma and Gallo 1998). Drug delivery is optimised in this 

way as tumour cells engulf apoptotic bodies filled with drugs via phagocytosis and since 

the apoptotic membrane is more permeable drug transport is improved. Rapamycin, a 

drug that impairs tumour cell VEGF-A secretion can also be used in certain cases as 

well as DNA vaccinations (Vanneman and Dranoff 2012). VEGF/VEGFR targeted 

therapies alone have only been known to show very limited effectivity in human 

patients. Further cytotoxic therapy that is able to act on the rapidly proliferating 

neoplastic should be introduced for optimal regressions.  

To conclude, angiogenesis plays a critical role in the development of the capillary 

network in all human beings: essentially, it builds on the existing network that has been 

formed by vasculogenesis (Papetti and Herman 2002). After all, every tissue in the body 

does require a blood supply. This blood supply is formed through either sprouting 

angiogenesis, or the more recently discovered intussusceptive angiogenesis 

(Karamysheva 2008).  

Yet, although fundamental throughout life, angiogenesis does not always have positive 

effects for the human body. Evidently, there are instances when angiogenesis should be 

promoted, but there are also cases where its inhibition is beneficial, but more so 

therapeutic. Inhibition of angiogenesis is highly beneficial in many diseases and cancer 

(Ferrara and Kerbel 2005). The majority of research into angiogenesis has centred on 

controlling the process with regards to these pathologies. This is obviously due to the 

plethora of research papers conducted in regards to them with the hope of finding 

effective curative procedures involving drugs and genetic therapies for the diseases and 

cancers they are involved in. Therefore, the future research into angiogenesis lies in 

establishing more drugs and specific inhibitors of the angiogenesis process in both 
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disease and cancer. It appears what is most urgent to not only medicine but also 

humanity is finding a cure for metastatic tumour growth in the body through drugs that 

can effectively inhibit angiogenesis in these tumours while causing minimal side effects 

in the body. 
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Chapter 59  

Vascular cell adhesion molecule-1 (VCAM-1) 

Ali Salajegheh, Haleh Vosgha 

 

Abstract: Expressed on activated endothelial cells, vascular cell adhesion molecule-1 

(VCAM-1) is an immunoglobulin-like adhesion molecule. It is not expressed under 

baseline conditions; however, it is quickly induced in response to inflammatory stimuli, 

such as the cytokines tumour necrosis factor and in proatherosclerotic conditions 

including in early lesions. VCAM-1 displays a variety of roles that are related to 

angiogenesis with its main role in cell-to-cell interactions, promoting migration and 

adhesion of leukocytes to the blood vessels. This protein is also involved in rolling-type 

adhesion and firm adhesion mainly through binding to α4 integrin which is expressed by 

most circulating leucocytes. Because of its wide distribution in human tissues and 

organs, the role of VCAM-1 is indicated in heart disease, inflammation in osteoarthritis 

and the metastasis of cancers, especially breast and colon cancers. By understanding the 

functions of this gene in these various common pathologies, treatments can be 

developed for these diseases.  
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59.1  Vascular cell adhesion molecule-1 (VCAM-1) 

The vascular cell adhesion molecule-1 (VCAM-1) is a human gene that plays a role in 

various cell-to-cell adhesion interactions. It is located on chromosome 1 (p32-p31) and 

has three known isoforms determined by the splicing of introns along the DNA 

sequence (Tatusova et al. 2014). VCAM-1 is speculated to be involved in inflammatory 

responses causing conditions such as heart diseases and osteoarthritis (Conde et al. 

2012a; Lu et al. 2010). Studies have also shown that VCAM-1 is commonly expressed 

on breast, renal and gastric tumours, giving the tissue metastatic ability (Ding et al. 

2003; Schlesinger and Bendas 2014; Hynes 2011) which can turn a benign tumour 

malignant or re-activate dormant cancers. 

59.2  VCAM-1 in Normal Physiology 

VCAM-1 is expressed at low levels on endothelial cells of healthy tissue (Schlesinger 

and Bendas 2014; Li and Chen 2012). It demonstrates high affinity for the D4 integrin, 

also known as very late activation antigen-4 (VLA-4), through which most of the cell-to-

cell interactions are mediated (Hynes 2011). When stimulated, a variety of leukocytes is 

activated and brought to the site of inflammation via adhesion and migration through 

the endothelial wall which is an important step for angiogenesis (Schlesinger and 

Bendas 2014). Furthermore, VCAM-1 may become upregulated on vascular 

endothelium when stimulated by the pro-angiogenic growth factor, VEGF (Schlesinger 

and Bendas 2014). 

59.3  VCAM-1 in Diseases 
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Atherosclerosis is a disease in which plaque accumulates in the endothelial wall of 

arteries which can occlude them and lead to increased risk of heart diseases, such as 

angina pectoris if the plaque builds up in coronary blood vessels (Lusis 2000). Cellular 

adhesion molecules such as VCAM-1 may play a role in the development of this disease. 

Inflammation of the endothelium of blood vessels increases VCAM-1 expression to 

attract circulating leukocytes and platelets to the site (Schlesinger and Bendas 2014; Li 

and Chen 2012). A study by Lu et al. on one hundred and twenty-eight patients 

demonstrated increased levels of VCAM-1 in the serum with the incidence of coronary 

heart disease (Lu et al. 2010). Researchers further looked at how results compared with 

varying degrees of severity of atherosclerosis, including healthy control, stable angina 

pectoris, unstable angina pectoris and acute myocardial infarction patients. Results 

showed the positive correlation between increases in severity of coronary heart disease 

symptoms with the expression of VCAM-1 in the serum (Lu et al. 2010).  

According to World Health Organisation, ischaemic heart disease was the leading cause 

of death worldwide in 2012, making knowledge of potential causes very important to 

development of treatments. Ischemia occurs when there is a lack of blood supply to a 

particular organ and is especially significant if it occurs in the heart (Oldenburg et al. 

2004). Not only does VCAM-1 have a role in development of certain diseases, but it 

may also play a part in therapeutic treatment of this ischaemic heart disease (Grieve et 

al. 2013; Stanimirovic et al. 1997). An investigation involved injection of multi-potent 

adult progenitor cells (MAPC) after three days and then after twenty-one days into 

ischaemic muscle of some mice and revealed increased expression of VCAM-1 on both 

instances when compared with the control (Davidson et al. 2013). In comparison to 

those mice that did not receive a MAPC injection, the ischaemic tissue demonstrated 
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greater adhesion of leukocytes to the post-capillary venules. In vivo studies have shown 

that MAPCs derived from non-endothelial basement membrane stem cells play a role in 

angiogenesis (Reyes et al. 2002). The relation between injection of MAPC and the 

subsequent expression of VCAM-1 indicates the potential therapeutic role of this gene in 

preparing for an angiogenic therapy for ischaemia using stem cells. 

Healthy joint function is important for mobility and general health. Unfortunately, 

diseases such as osteoarthritis can affect this as the cartilage in the joints gradually 

degenerates resulting in pain and stiffness of joints. A study by analysed the expression 

of VCAM-1 on chondrocytes of cartilage in response to adipokines released by 

adipocytes as obesity is a predisposing factor for osteoarthritis (Conde et al. 2012b). It 

was shown that adipokines (leptin, adiponectin) and various other soluble kinases 

caused an increase in VCAM-1 expression. As VCAM-1 is involved in cell adhesion of 

leukocytes, greater expression of VCAM-1 on the chondrocytes of joints can thus be 

related to the inflammation causing the breakdown of cartilage in osteoarthritis (Conde 

et al. 2012b). High levels of adipose tissue can be observed in obesity which has a role 

in secretion of leptin and adiponectin (Kershaw and Flier 2004). Since these secretions 

increase VCAM-1 expression, obesity could be a factor affecting the rate of progression 

of osteoarthritis. 

A further investigation into hand osteoarthritis in particular demonstrates the correlation 

between VCAM-1, angiogenesis and progression of osteoarthritis (Pulsatelli et al. 2013). 

Angiogenesis can be seen not only in affected joints but also in healthy joints elsewhere 

in the body. Joints of hand osteoarthritis patients were compared with healthy 

individuals and it was found that soluble VCAM-1 was present at higher levels in the 
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serum of affected patients. Greater levels of VCAM-1 in patients presenting with erosive 

hand osteoarthritis amongst those affected was also observed, suggesting that VCAM-1 

expression may also be related to an increased severity of osteoarthritis (Pulsatelli et al. 

2013). 

59.4  VCAM-1 in Malignancy 

Cancer is a major concern as cancerous tissue has the ability to grow almost infinitely 

which is facilitated by formation of blood vessels via angiogenesis, providing it with its 

nutrient and metabolic needs (Ding et al. 2003). Colon cancer and its relation to VCAM-

1 have been well investigated. A study observed tissue samples from patients with 

gastric cancer, gastric ulcers and healthy patients for VCAM-1 expression and compared 

it with microvessel density (MVD) (Ding et al. 2003). The tissue samples were analysed 

to find increased VCAM-1 expression with increased MVD. Tissues that had increased 

MVD were those taken from patients with gastric cancer. Nonetheless, it is noted that 

whilst MVD measurements may be good prognostic indicators for tumours and its 

progression, metastasis and recurrence, it holds its limitations as it is not a direct 

measure of the angiogenic activity of the tumour (Hlatky et al. 2002). High MVD 

however, is related to a poor prognosis for patients with breast cancers (Morabito et al. 

2004). Another study demonstrated that even after undergoing minimally invasive 

colorectal resection (MICR), colorectal cancer patients displayed sustained higher levels 

of plasma VCAM-1 (Shantha Kumara et al. 2012). As VCAM-1 is associated with high 

MVD, there is an increased chance for these patients that underwent MICR to develop a 

secondary cancer later on. Thus, it is suggested that VCAM-1 expression can be 

correlated to the development and progression of cancer and possibly angiogenesis. 
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A tumour growth becomes harmful when it metastasises to form secondary tumours 

elsewhere in the body and the key component for metastasis to occur is angiogenesis. 

Reviews indicate how metastasis of breast cancer cells often form secondary tumours in 

the bone and lungs and is related to a high level of VCAM-1 expression and high 

numbers of leukocytes being attracted to the site (Hynes 2011; Schlesinger and Bendas 

2015). This was confirmed in a more recent review which outlined the mechanism by 

which VCAM-1 promotes this metastasis. The breast cancer cells expressed VCAM-1 to 

promote interaction with VLA-4 to recruit tumour-associated macrophages and 

monocytes to the lung tissue (Schlesinger and Bendas 2014). The tumour associated 

macrophages appear to act as a protection for the tumour from the body’s immune 

system. In the bone, soluble VCAM-1 will bring pre-osteoclasts to the site while VLA-4 

positive pre-osteoclasts bind to VCAM-1 receptors on the tumour cells. This paracrine 

signalling activates the pre-osteoclasts to become mutated osteoclasts that destroy the 

bone matrix for its growth (Schlesinger and Bendas 2014; Hynes 2011).  
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Chapter 60 

Vascular endothelial (VE)-Cadherin 
Ali Salajegheh, Haleh Vosgha 

 

Abstract: The vascular endothelial (VE)-cadherin which is originally called cadherin-5 

is a class of transmembrane calcium-dependent adhesive proteins or cadherin family. It 

is expressed by endothelial cells and located at endothelial cell’s junction in order to 

play an integral role in endothelium integrity as well as the control of vascular 

permeability essentially during embryogenic angiogenesis. Apart from its dominant 

responsibility in cell-cell contacts, VE-cadherin can mediate various cellular and 

molecular processes including cell proliferation and apoptosis and modulates vascular 

endothelial growth factor receptor functions. Using the cytoplasmic domain to attach to 

several protein partners, including p120, β-catenin and plakoglobin, VE-cadherin partly 

regulates the endothelial permeability. VE-cadherin is also associated with tumour 

progression, epithelial to mesenchymal transition (EMT) and angiogenesis. It is of 

pivotal importance in angiogenesis mechanism mainly through altering the role of some 

essential angiogenic factors and modulation of vascular endothelial growth factor 

receptors signalling, resulting in increased cell survival and vascular permeability in a 

wide range of human diseases and cancers.    
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60.1  Vascular endothelial (VE)-Cadherin (VE-Cadherin) 

Vascular endothelial (VE)-Cadherin, Cadherin 5, type 2 or CD 144, like Monobutyrin, 

is a significant component of angiogenesis. Its biological activity remains important for 

normal development as well as in a number of pathologies such as diabetic retinopathy, 

atherosclerosis, rheumatoid arthritis and the formation of malignancies.  

VE-Cadherin is a type of Cadherin belongs to a class of transmembrane calcium-

dependent adhesive proteins known as cadherins. Cadherins are cell-cell adhesion 

proteins involved in mechanical adhesion between cells as well as tissue 

morphogenesis. During development, cadherins assist in cell recognition and sorting 

whereby cells are properly positioned. After development, cadherins are involved in 

maintaining and forming boundaries, organising cell movements, and processes that 

maintain tissue integrity. These processes include initiating and maintaining the 

structure and function of the cell as well as tissue polarity. Additionally, Cadherins also 

form and maintain diverse tissues and organs. 

Cadherins are long proteins, which extend from the surface of the cell. They are 

typically characteristic of extracellular cadherin repeats, that is, a single membrane-

spanning segment and a cytoplasmic region (Shapiro and Weis 2009).The extracellular 

domain contains 3-5 internal repeats of approximately 110 amino acids, which are 

responsible for the homophilic and heterophilic interactions during adhesion and cell 

sorting (Halbleib and Nelson 2006). The extracellular domains are aligned one after 

another and connected with three calcium ions bound between each domain, which 

rigidifies the structure of the cadherin. Calcium is important for the cadherin function 
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whereby the removal of calcium renders cadherin vulnerable to proteases (protein-

cutting enzymes) (Halbleib and Nelson 2006). Cadherins can be categorized into 

classical, desmosomal, protocadherins and unconventional classes. As a classical 

cadherin, VE-Cadherin is associated with actin via interaction with the cytoplasmic tail. 

VE-cadherin is typically tightly bound to cytoplasmic catenins: beta-catenin, 

plakoglobin (Bravi et al. 2014) and which form the cytoplasmic tail. Composed of these 

three proteins of the armadillo family, the cytoplasmic tail is responsible for interaction 

with the cytoskeleton and junctional strength. The end of the cytoplasmic tail contains a 

tryptophan amino acid that binds to cadherins on adjacent cells, therefore mechanically 

adhering neighbouring cells together.  The strength of cell adhesion is influenced by the 

tyrosine phosphorylation status of cadherin, b-catenin and p120 (Blaschuk and 

Rowlands 2000). 

60.2 VE-Cadherin in Normal Physiology 

As an endothelial cell adhesion protein, VE-Cadherin has a critical role in maintaining 

the integrity of the endothelium and the regulation of vascular permeability when found 

in stable vessels. VE-Cadherins are able to control the movement of endogenous 

mediators of inflammation such as leukocytes, histamines, thrombin, TNF-α and 

platelet-activating factors. It participates in the regulation of cellular process including 

cell proliferation and apoptosis, cell signaling and the modulation of vascular 

endothelial growth factor receptor functions. VE-cadherin behaves like mesenchymal 

cells during angiogenesis and is fundamental during embryonic angiogenesis. 

Angiogenesis involves the subsequent growth and remodelling of the blood vessel from 

a network of pre-existing vessels. Within blood vessels, the endothelium of the vessels 
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acts as a selective barrier between the bloodstream and the tissues underneath. Here the 

endothelium acts as the site for new vessel formation. The endothelium consists of 

endothelial cells joined together by cell-cell junctions though transmembrane adhesion 

proteins. Endothelial cells must adhere firmly to one another in order to form intact and 

fully functional blood vessels (Blaschuk and Rowlands 2000). VE-cadherin acts as this 

transmembrane component for adhesion of these endothelial cells and thus VE-cadherin 

is a key modulator of the angiogenesis and in the maintaining the structural integrity of 

blood vessels. Disruption of VE-cadherin-mediated endothelial cell adhesion inhibits 

angiogenesis. 

Angiogenesis is regulated through the interaction of proangiogenic factors and 

angiogenesis inhibitors. VE-cadherin drives endothelial cell rearrangement during 

vessel formation and its activity directly affects angiogenesis through the modulation of 

vascular permeability and transcription factors. VE-cadherin increases the effects of 

angiogenic factors on endothelial cells. They regulate angiogenesis through their ability 

to alter the action of the vascular fibroblast growth factor receptor and endothelial 

growth factor (VEGF). VEGF enhances endothelial cell layer permeability and 

increases endocytosis of VE-cadherin.  Vascular permeability is also amplified by 

inflammatory cytokines, including tumor necrosis factor α (TNFα), histamine, and 

platelet activating factor (PAF). 

VE-cadherin is shown to control vascular development and angiogenesis through the 

genetic activation and inactivation of transcription factors. Genetic inactivation of the 

VE-cadherin gene leads to embryonic death. This is the result of vascular faults as well 
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as the migration of antibodies to VE-cadherin. VE-cadherin expression is regulated by 

Ets transcription factors. 

60. 3 VE-Cadherin in Disease 

Angiogenesis is critical in a number of pathological processes and subsequent 

dissociation of VE-cadherin from their junctions can lead to diseases including diabetic 

retinopathy and rheumatoid arthritis. These pathologies may be a consequence of 

inflammatory stimuli, mutations in regulators of VE-cadherin and the down regulation 

of transcription and expression level of VE-cadherin.   

In rheumatoid arthritis, the soluble VE-Cadherin in rheumatoid arthritis patients 

correlates with disease activity (Sidibé et al. 2011). Rheumatoid arthritis (RA) involves 

the persistent inflammation of the synovial joint resulting in cartilage destruction and 

bone erosion. This autoimmune, chronic, systemic inflammatory disorder causes the 

synovial membrane to become inflamed, increasing its mass as the lining of cells 

undergoes hyperplasia. Excess synovial fluid and the development of synovial 

fibrovascular tissue (pannus) occur in the synovial membrane. The RA synovial 

membrane is characteristic of many leukocytes adjoining to blood vessels and involves 

the movement of leukocytes from the bloodstream into the synovial membrane. The 

proliferation of new blood vessels is critical in the development of the synovial pannus, 

which allows access for leukocytes causing inflammation. These leukocytes secrete 

mediators such as various growth factors, pro-inflammatory cytokines and chemokines, 

which affect EC adhesion, affecting endothelium permeability and angiogenesis for 

blood vessel formation. The major mediator for RA is tumor necrosis factor α (TNF-α). 

TNF-α targets VE-cadherin, causing VE-cadherin to undergo proteolysis. Normally, the 
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endothelium is maintained through tight junctions that limit the diffusion of lipids, 

proteins and solutes. However, alterations in these junctions influence endothelial cell 

motility, vascular morphogenesis and permeability. Since VE-cadherin is critical in the 

adhesion of endothelial cell adhesion for the endothelium, cleavage of VE-cadherin 

increases the dissociation of endothelial cells and increases permeability, allowing 

leukocyte ingress and subsequent inflammation characteristic of RA. The mechanism 

for VE-cadherin occurs though VE-cadherin tyrosine phosphorylation from tyrosine 

kinases such as the Src family kinases. VE-cadherin proteolysis with the stimulation of 

TNF-α suggests the possible clinical use of VE-cadherin in managing rheumatoid 

arthritis.  Increased angiogenesis has been associated with inflammatory diseases such 

as RA. As established previously, VE-cadherin also contributes to the process of 

angiogenesis.    

The role of VE-cadherin and angiogenesis in pathological conditions can be further 

observed in diabetic retinopathy. Diabetic retinopathy is a complication of diabetes 

which results in damage to the blood vessels in the retina. Damage to these blood 

vessels can result from poor circulation due to damages to the endothelial cells or from 

the abnormal growth of new vessels.  

Damage to the endothelial cells results from the degeneration of the blood retinal barrier 

(BRB) causing leakage of vessels and macular oedema to develop. The breakdown of 

the BRB causes distortion and the loss of vision. These effects arise from the up 

regulation of proteinases that cleave VE-cadherin from the retinal endothelial cell 

surface, leading to increased vascular permeability (Zachary 2001). 
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Normally the tight junctions of the endothelial cells maintain the integrity of the BRB 

allowing the normal function of the retina. However, increased permeability of the BRB 

associated with a decreased in VE-cadherin (from protein cleavage) weakens these 

junctions, resulting in the vision loss experienced in diabetic retinopathy.  

Through the process of ocular angiogenesis in response to tissue ischemia, changes in 

the retinal vasculature to form new blood vessels is commonly seem in diabetic 

retinopathy causing vision loss from the formation of scar tissue. As previously 

established, VE-cadherin has a pivotal function in angiogenesis acting as the adhesive 

junction between endothelial cells in blood vessels.  

The activity of VE-cadherin in diabetic retinopathy has instigated the use of VE-

cadherin antagonists to reduce retinal angiogenesis. As a reduction in VE-cadherin 

suppresses vessel development in endothelial cells, antagonist treatment also decreases 

the migration of cells. 

60.4 VE-Cadherin in Malignancy 

Cancer growth is dependent on a source of blood supply for the tumor to survive, 

develop and metastasize.  Tumor angiogenesis is required for the formation of this 

network and involves the initiation of new blood vessel growth to form a growing tumor 

mass. VE-cadherin is considered to play a significant role in tumor angiogenesis by 

facilitating the formation of vascular tubes from the adhesion of endothelial cells. VE-

cadherin has been detected in breast cancer, melanoma cells and osteosarcoma cells.  

The growth of a tumor is triggered by intratumoral hypoxia causing the release of a 

number of angiogenic factors and subsequent angiogenesis. Epithelial-mesenchymal 
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transition (EMT) is a significant process during tumor development and leads to 

increase tumor cell malignancy. EMT is the process by which epithelial cells lose their 

cell polarity and cell-cell adhesion, and gain migratory and invasive properties to 

become mesenchymal stem cells (Kalluri and Weinberg 2009). The EMT process is 

characteristic of the loss or reorganization of tight junction proteins resulting in the 

highly mobile and invasive properties of tumor cells. This leads to an increase in 

metastatic potential and the progression of cancer. During EMT, VE-cadherin is 

stimulated, promoting tumor progression. The role of VE-cadherin is particularly true in 

mammary tumor cells where VE-cadherin is induced during EMT and is abnormally 

expressed in breast cancer. Using a mouse mammary carcinoma model to demonstrate 

tumor progression and EMT, investigations that VE-cadherin enhances the proliferation 

of tumor cell through the formation of cord-like invasive structure and adhesion to 

endothelial cells (Labelle et al. 2008). These events are important contributors to their 

increase in malignancy and metastatic potential. The mechanism of VE-cadherin occurs 

through its interaction with transforming growth factor-β (TGF- β). Therefore, it is clear 

that the VE-cadherin is critical in tumor angiogenesis through the up regulation in 

vasculature of cancers such as in breast cancer.  

The significance of VE-cadherin expression and function in cancer progression is 

similarly observed in aggressive human melanoma cells and osteosarcoma cells. 

Through experimentation with osteosarcoma cells, the significance of VE-cadherin in 

facilitating tumor malignant progress is further exemplified. By inhibiting VE-cadherin 

gene expression in osteosarcoma cells with siRNA, osteosarcoma cells were no longer 

able to induce angiogenic processes that form vascular networks to attain oxygen and 

nutrients.  
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The structure of normal blood vessels differs from that of tumor blood vessels. 

Normally, mature blood vessels consist of pericytes lodged in the basement membrane 

and are required to regulate blood flow and maintain the vasculature. In tumor blood 

vessels, these pericytes are absent and lack a well-formed basement membrane.  Tumor 

vasculature is also characteristic of open interendothelial junctions. This decrease in 

endothelial cell adhesion may be caused by the tumor secreted vascular endothelial 

growth factor (VEGF) (Blaschuk and Rowlands 2000). VEGF stimulates VE-cadherin 

as well as b-catenin and p120 in endothelial cells by activating tyrosine 

phosphorylation, causing endothelial intercellular junctions to open through the 

weakening of the adhesive strength between cells. By altering VE-cadherin and 

angiogenic growth of blood vessels, the abnormal structure of tumor blood vessels and 

decreased adhesion between tumor endothelial cell increases tumor cell malignancy and 

its migratory and invasive properties.  

The establishment of the idea of angiogenesis-driven tumor growth via VE-cadherin has 

instigated research for the potential use of VE-cadherin as a therapy for tumor growth. 

VE-cadherin is essential in angiogenesis for blood vessel formation and integrity. 

Therefore blocking its function with antibodies remains a potential approach against 

tumor angiogenesis and growth.  Such drugs could be used to selectively disrupt the 

abnormal vasculature of tumours without affecting normal blood vessels (Blaschuk and 

Rowlands 2000). 

As observed in aggressive melanoma cells, the down regulation of VE-cadherin revoked 

the formation of vascular networks, providing support for the use of anti-VE cadherin 

approaches in therapy.  
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Chapter 61 

Zinc Finger E-Box Binding Homeobox 1 (ZEB1) 

Ali Salajegheh, Haleh Vosgha 

 

Abstract: Zinc Finger E-Box Binding Homeobox 1 (ZEB1) is a vital member of the 

ZEB family of transcription factors which is involved in a regulation of key factors 

during embryonic development and cell differentiation.  ZEB1 has been identified as a 

central inducer of epithelial-to-mesenchymal transition (EMT) process which can be 

linked with increased aggressiveness, metastasis and a wide variety of human 

carcinomas. It can control the epithelial basement membrane components- in particular, 

E-cadherin- whose disruption is an essential stage in tumour invasiveness.  In addition, 

it has been found that ZEB1 has an ability to regulate replicative senescence, 

maintenance of cancer cell stemness and tumour angiogenesis. The correlation between 

ZEB1 and several well-known microRNAs has also been described in the regulation of 

angiogenesis mechanism. Although the potential angiogenic regulatory function of 

ZEB1 has not well recognized, the crosstalk between ZEB1 and vascular endothelial 

growth factor (VEGF) expression and direct inducing angiogenesis has been recently 

reported.     
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61.1 Zinc Finger E-Box Binding Homeobox 1 (ZEB1) 

ZEB1 is a protein coding gene that has its genomic location at 10p 11.2 (Vincent et al. 

2009). This gene encodes a zinc finger transcription factor that represses the expression 

of a number of different genes. For instance, the ZEB family proteins serve as a 

transcriptional repressor of interleukin 2 (IL-2) and E-cadherin, and Smad target genes 

(Liu et al. 2008a). ZEB1 is especially well known as the EMT-inducing transcription 

factor that contributes to tumour cell dissemination and tumour-initiating capacity (Liu 

et al. 2008a). EMT stands for epithelial-mesenchymal transition, and is associated with 

“wound healing, organ fibrosis and initiation of metastasis for cancer progression.” 

(Wellner et al. 2009) As ZEB1 suppress the expression of E-cadherin, which is a cell-

cell recognition molecule, the cells become more receptive to initiation of EMT. This 

results in the epithelial cells becoming invasive, metastatic cancers (Wellner et al. 

2009). Also, ZEB1 transcriptionally represses the Coxsackie virus and Adenovirus 

receptor (CAR) expression in pancreatic and breast human cancer cells (Lacher et al. 

2011). Mutations in this gene are found to have potential to cause neurological 

disorders, dysmorphic features, megacolon and other malformations, and also 

Hirschsprung’s disease (Cacheux et al. 2001). 

61.2  ZEB1 in Normal Physiology 

Zeb1 (Zinc-finger E-box-binding homeobox 1) is a transcriptional factor, containing 

two Kruppel-type zinc finger domains by which it can bind to target DNAs (Soini et al. 

2011). 
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ZEB1 is mainly expressed in endothelial and mesenchymal cells of the villous 

structures during the last two trimesters. This suggested that ZEB1 has a crucial role in 

the development of placental blood vessels (Pirinen and Soini 2014). ZEB1 has been 

connected to morphogenesis mechanism in several processes such as embryonal 

development and tissue scar formation by inducing the development of neural tissues, 

chondrocytes, skeletal muscle cells and hematolymphoid tissues (Vandewalle et al. 

2009; Pirinen and Soini 2014) . The role of ZEB1 in palatal and tooth developments has 

been also reported by some studies (Shin et al. 2012; Arima et al. 2012).  ZEB1 

expression can be induced by estrogen and progesterone suggesting that it plays an 

important role in female physiology (Saykally et al. 2009). It has the highest expression 

in normal adult bladder and uterus, whereas during embryonic development its highest 

expression is found in lung, thymus and heart (Hurt et al. 2008).    

61.3  ZEB1 in Disease 

 ZEB1 gene mutations and its abnormal expression can affect complex human health 

conditions mainly through the induction of epithelial mesenchymal transition (Kurihara 

et al. 2015). Fuchs endothelial corneal dystrophy and posterior polymorphous corneal 

dystrophy are among those human diseases in which ZEB1 functions as a strong inducer 

of EMT (Okumura et al. 2015; Liu et al. 2008b). The mechanisms of these disorders are 

related to reduction of extracellular matrix proteins and expression of epithelial genes 

which cause corneal defects such as corneal thickening and endothelial and keratocyte 

proliferation due to abnormal expression of ZEB1 (Okumura et al. 2015; Liu et al. 

2008b).  

 



 

Haleh Vosgha       School of Medicine     345 

 

61.4  ZEB1 in Malignancy  

ZEB1 proteins play a substantial role in promoting angiogenesis and tumourigenicity. 

One of its means to elevate angiogenesis is the transcriptional repression of the 

expression of microRNA-200 (miRNA-200) (Wellner et al. 2009). miRNAs are non-

coding single-stranded RNA molecules, that play an important role in physiological and 

pathological processes in the body (Dong et al. 2013). miRNA-200 family members 

(miR-200a, miR-200b, miR-200c, miR-141 and miR-429) inhibit angiogenesis through 

direct and indirect mechanisms and have effects on decreasing metastasis formation in a 

number of cancers (Pecot et al. 2013). The miRNA-200 family targets and regulates 

interleukin-8 (CXCL8) and CXCL1 which are the key pro-angiogenic cytokines 

secreted by tumour endothelial and cancer cells (Pecot et al. 2013). These two cytokines 

have their pro-angiogenic effects through endothelial CXCR1 and CXCR2 (interleukin-

8 receptors) in an autocrine fashion (Pecot et al. 2013). IL-8 is not only secreted by 

malignant cancer cells but by leukocytes, fibroblasts, and endothelial cells too (Xie 

2001). By binding to CXCR1 and CXCR2 G-protein-coupled receptors, which are 

expressed on a range of cells including cancer and endothelial cells, it activates the 

receptors and is followed by phosphorylation, desensitisation, and internalisation of the 

receptors (Xie 2001).  Both CXCR1 and CXCR2 receptors mediate the angiogenic 

activity by chemokines, while the effect is mainly through CXCR2, the ligands of which 

are both IL-8 and CXCL1 (Heidemann et al. 2003). It has been found that the inhibition 

of CXCR2 leads to reduced vascularization in tumour (Heidemann et al. 2003). 

IL-8 and other CXC chemokines also induce angiogenic functions in endothelial cells 

directly through migration, proliferation, tube formation, and release of VEGF 
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(Heidemann et al. 2003). Neovascularization is indirectly promoted by IL-8 indirectly, 

for instance by inducing VEGF production in tumour cells (Heidemann et al. 2003).  

The elevated levels of IL-8 is found to have association with worsened clinical 

outcomes in ovarian, renal and lung adenocarcinomas, and the high expression of IL-8 

and CXCL1 have a strong correlation with worse overall survival in lung and renal 

cancers (Pecot et al. 2013).  ZEB1 and miR-200 repress each other (“reciprocal 

feedback loop”); that is, ZEB1 represses miR-200 family but is also targeted by miR-

200. This suggests that miR-200-based therapies could be a treatment method for 

tumours and cancers by the down-regulation of ZEB1 (Pecot et al. 2013). 

The ectopic expression of ZEB1 is found to up-regulate angiogenesis in human breast 

cancer cells as it recruits Sp1 transcription factor to its binding sites on VEGF promoter, 

inducing its promoter activity. This elevates VEGF expression at both mRNA and the 

protein levels in MDA-MB-231 cells, inducing tumour angiogenesis in breast 

cancer.(54) Hence, a potential new strategy for treating tumour angiogenesis could be 

the down-regulation of ZEB1 expression to inhibit VEGF expression, which in turn will 

reduce angiogenesis activity in tumour tissues (Clarhaut et al. 2009). 
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