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Abstract  

 

Conjunctival melanoma (ConM) are rare ocular tumours but the incidence, like 

that of cutaneous melanoma (CM), is increasing and sunlight exposure is 

considered to be a factor in their development. Little is known about the genetic 

changes that are associated with this malignancy. Previous studies have reported 

that ConMs have mutations of the BRAF and NRAS genes and recently, the TERT 

promoter has also been shown to be commonly mutated in the ConM form. The 

genetic classification of ocular melanomas, however, has shown itself to be highly 

reliable in determining the prognosis of patients with UM compared to their 

counterpart ConM.   

The aim of the study was to identify specific genetic changes that can identify 

ConM patients with a poor prognosis, and to improve the understanding of the   

genetic alterations that may predispose people to this condition. Array-CGH was 

carried out using DNA extracted from 21 frozen and archival ConM samples, with 

another four CM cell lines used as a positive control. The data were analysed by 

using two different software: Agilent (ADM2 algorithm), and Nexus (FASST2 

algorithm) to investigate the global genetic alterations associated with ConM and 

to detect any recurrent focal somatic copy number alterations (SCNA) that might 

have been missed in previous reports. In a small trial study, possible genes drivers 

were investigated using IHC. All these samples were also sequenced to identify 

any mutations in these genes (BRAF, GNA11, GNAQ, NRAS and TERT). The 

present study reported complex genomic profiles that had various abnormalities 

affecting different chromosomes. All these CNAs distributed across the genome 

in a pattern reminiscent of CM but differing markedly from UM. The most common 

oncogene mutation found in conjunctival tumours were BRAF mutations 24% 

(5/21), NRAS 10% (2/21), and TERT mutations, 47% (8 of 17). The most 

statistically significant driver genes detected by Nexus software among ConM 

tumours were CDKN2A and TERT genes. Although the IHC findings were 

compatible with common aberration analysis by Nexus software, where the most 

statistically significant candidate gene were detected, further investigation is 

needed to detect the role of these genes in ConM prognosis and metastasis.  
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1. Introduction  
  
1.1 Cancer as a genetic disease 
 

1.1.1 Historical aspect and hallmarks of cancer   
   

Cancer is the common term given to disease caused by a failure to control growth 

of cells whose normal processes start to be abnormal. This occur as a result of 

mutations in the genes that control cell proliferation and apoptosis. In developed 

countries, cancer is still the second most common worldwide killer after 

cardiovascular disease (Jemal et al., 2008, McGuire, 2016). The World Health 

Organisation defined cancer as the most common human genetic disease that 

affects many people through North America and Europe and is responsible for 

around 12% of mortality across the world (Stewart and Kleihues, 2003, Cancer 

Research UK, 2014). Several theories have been suggested to explain the role of 

genetics in the development and progression of cancer. Cancer was first 

documented as a complex genetic disease by Theodor Boveri in 1902, who 

suggested that alterations in chromosomes could produce unlimited cell growth 

(Boveri, 1902). Then, Tyzzer (1916) was the first to use the term “somatic 

mutation” to define the events of cancer progression (Tyzzer, 1916), as reviewed 

by (Wunderlich, 2007). Some mutations may target genes that serve to suppress 

cancer development, or tumours suppressor genes as they are known (Stratton 

et al., 2009). Other genes known as oncogenes, (cancer causing genes) can also 

be the subject of mutations, and some genes may be abundantly over expressed 

and act as oncogenes even if they have not mutated (Haber and Stewart, 1985, 

Zhou et al., 2007). Another theory however, has hypothesised that the 

accumulation of mutated genes is the main reason for cancer (Nordling, 1953). 

The first consistent chromosomal abnormality associated with a malignancy was 

discovered by Nowell and Hungerford (1960) who reported the translocation 

between chromosomes 9 and 22, and later called the Philadelphia translocation, 

which occurs in chronic myeloid leukaemia, as reviewed by Nowell (1976) and 

Nowell (2007).   Evidence has supported the theory that the cancers begin after 

the accumulation of different mutations in genes responsible for cell growth and 

differentiation (Olopade and Pichert, 2001a). The most important features that a 
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cell must require for it to become malignant, and for the development and 

progression  of tumours to proceed, have been proposed by Hanahan and 

Weinberg (2000) as the “six hallmarks of cancer; self-sufficiency of growth 

signals, insensitivity to antigrowth signals, evasion of apoptosis, sustained 

angiogenesis and tissue evasion, limitless replicative potential and metastasis” 

(Hanahan and Weinberg, 2000). A decade later, they expanded these hallmarks 

to involve another four including: “genome instability and mutation, avoiding 

immune surveillance, tumour-promoting inflammation and deregulation of cellular 

energetics”. These hallmarks provide researchers a greater understanding of 

cancer development and its essential mechanisms (Hanahan and Weinberg, 

2011). 

 

1.1.2 Aetiology of cancer development  
 

As discussed above, it has been hypothesised that cancer occurs after the 

accumulation of multiple mutations in genes responsible for the control of cell 

growth. These mutations may occur as a result of unrepaired DNA damage or 

errors in the cell cycle replication process (Jackson and Loeb, 1998, Olopade and 

Pichert, 2001b). Some studies suggest that a very few cancer cases, only around 

0.1-10% depending on type, can be hereditary such as breast cancer and 

ovarian cancer run together in families with hereditary breast and 

ovarian cancer syndrome. Colon and endometrial cancers tend to go together in 

Lynch syndrome (Loeb and Loeb, 2000, Hahn and Weinberg, 2002). Of the 

remaining cancers, some might arise de novo and progress by the accumulation 

of genetic changes (Houlston and Peto, 1996), whereas others  might occur due 

to acquired factors such as interactions with the environment and unhealthy 

lifestyles (Anand et al., 2008). For instance, chemical carcinogens such as 

tobacco smoke are responsible for the tumorigenesis of many cancers, including 

oral, pharynx and lung cancer, and can affect the behaviour of the respiratory 

epithelial cells (Fiala et al., 2005, Steiling et al., 2008). In addition, there are also 

physical carcinogens, including ultraviolet light (UV), that can cause damage to 

the DNA (Hall and Angele, 1999, Multani et al., 2000). One of the best examples 

is skin cancer; it has been estimated that about 90% of all skin cancers are caused 

by exposure to sunlight and the effect of UV radiation (Ramos et al., 2004, Boniol 
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et al., 2012). Other risk factors include infectious agents, such as viruses and 

bacteria, which have been identified as causing around 15% of cancers (IRAC, 

1994). For example, Helicobacter pylori bacteria causes gastric cancer (Ding et 

al., 2007), Human Papilloma Virus (HPV) can cause prostate or cervical cancer 

(Adami et al., 2003) and Hepatitis B & C viruses have a strong correlation with 

liver cancer (Hussain et al., 2007). In addition, the ageing process might be 

associated with the possibility of developing cancer since the cells in elderly 

people sometimes show a deterioration in their ability to repair DNA damage that 

occurs during cell division, especially in response to other environmental factors 

(Chung et al., 2011, Meng and Lu, 2012). The reason behind this, still unclear, 

however; whether the link between cancer and age occurs due to an accumulation 

of genetic and epigenetic mutations or due to a higher susceptibility to oncogenic 

mutations among ageing people (Lopez-Otin et al., 2013).   

 

1.1.3. Analytical techniques used in cancer research 
 

Chromosomal instability is usually reflected in abnormal karyotypes, with both 

structural and numerical chromosomal abnormalities. The detection of these 

abnormalities plays an essential role to identified different type of cancers and 

serve as diagnostic and prognostic biomarkers (Michor et al., 2005). Several 

types of cytogenetic and genetic mutations might lead to the onset of cancer. Most 

of these changes occur at the chromosomal structure, such as aneuploidy, the 

loss or gain of a number of chromosomes, or polyploidy, an increase in the 

number of chromosomes by an exact multiple of the haploid number (Mitelman et 

al., 1997, Kirsch-Volders et al., 2002). Nowadays, there is a better understanding 

of basic genetic and molecular abnormalities through the using of analytical 

techniques such as karyotyping, fluorescence in situ hybridisation (FISH) and 

spectral karyotyping (SKY), which help to build up clear images of clonal and non-

clonal alterations at the single cell level. Molecular cytogenetic techniques, are 

used in the majority of cancer types to identify an abnormal number of 

chromosomes, with genomic structural rearrangements (Hanahan and Weinberg, 

2011). Moreover, FISH techniques go beyond conventional cytogenetics in that 

they open up the possibility of achieving cytogenetic results from interphase nuclei 

and metaphase chromosomes (Wang, 2002). In addition, array comparative 
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genomic hybridisation (array-CGH) has the ability to detect any genomic 

amplification and deletions (gains and losses), single nucleotide polymorphisms 

(SNP), to provide information about copy number alterations that might be linked 

to specific types of cancer (Albertson et al., 2003, Jemal et al., 2008, Siegel et al., 

2013). Recently, the use of powerful molecular techniques such as next 

generation sequencing has helped to achieve the sensitive detection of low 

frequency mutations, which are driven by molecular alterations (Meyerson et al., 

2010). Certainly, the analysis of the genomic sequence has played a significant 

role in cancer biology, and provides valuable information for cancer diagnosis and 

therapy. Nonetheless, although there is some information available for some of 

the most common cancers, there have not been many genetic studies on rare 

forms of cancer, particularly cancers of the eye.   

 

1.2 Overview of eye cancer  
 
Both benign and malignant primary tumours can affect all parts of the eye, and in 

addition to primary tumours that start within the eye, metastatic tumours spread 

from other organs including those in the breast, lung and gastrointestinal tract 

(Spencer, 1985, Damato and Coupland, 2012). There are two types of primary 

tumours that affect the eye and other related structures: extraocular or intraocular. 

An extraocular tumour occurs in the surrounding tissue of the eye. One such 

tumour is Rhabdomyosarcoma of the orbital muscle. This is a type of sarcoma of 

the head and neck that originates in the soft tissue (muscle), connective tissue 

(tendon) or bone and is most common in childhood. It comprises 4% of all 

pediatric tumours, with 10% of all cases occurring in the orbit (Arndt and Crist, 

1999, Shields and Shields, 2003, Jurdy et al., 2013). Intraocular tumours 

however, occur inside the eye and include some very rare primary tumours such 

as Retinoblastoma and Uveal melanoma (UM), which are the most common 

primary intraocular tumours in children and adults respectively (McLaughlin et al., 

2005, MacCarthy et al., 2009, Sisley et al., 2009, Villegas et al., 2013, Kaliki et 

al., 2015). 
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Ocular melanoma is a primary intraocular tumour and includes UM and 

conjunctival melanoma (ConM). It is a cancer that develops from neural crest 

derived melanocyte cells, which are responsible for the production of melanin 

pigment. These cells are normally found in various locations in the body, such as 

the skin, hair and the uveal tract of the eye (Slominski et al., 2004, Wong et al., 

2005, Damato and Coupland, 2012, Jovanovic et al., 2013). Ocular melanoma is 

considered to be the second most common location for primary malignant 

melanoma after cutaneous melanoma (CM) (Egan et al., 1988, McLaughlin et al., 

2005, Ferlay et al., 2010, Iannacone et al., 2015). The most common type arises 

from UM, which includes the choroid, ciliary body and iris and constitutes 82.5% 

of all ocular melanoma cases, whereas ConM occurs in the thin lining layer that 

covers the white part of the eye (the conjunctiva) and is far less frequent 

(McLaughlin et al., 2005), (Figure 1.1).       

   

       

Figure 1.1: Diagram of the structure of the eye illustrating the tissue origins of 

Ocular Melanoma. ConM arises in the mucous membrane of the conjunctiva while UM 

affects the iris, ciliary body or choroid. Figure adapted from www.cancernetwork. 

Accessed on 10/1/2014. 

 

Although, ocular melanoma is the second most common type of melanoma, it is 

still rare, representing about 3.7% of all melanoma patients (McLaughlin et al., 

2005, Damato and Coupland, 2012, Kalirai et al., 2017). The incidence of ocular 
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melanoma in the United States (US) is estimated to be around six per million 

people, compared to about 153.5 cases per million for CM (Jovanovic et al., 

2013). The incidence of UM and ConM in the US however, are about 4.9 and 0.4 

per million respectively, with incidence of UM being higher in males than in 

females in both the US and Australia (Vajdic et al., 2003b, McLaughlin et al., 

2005). Furthermore, the rates of ocular melanoma are about 8-10 times higher 

amongst white patients, however for CM the increased risk is 16 times more for 

the white population (Damato and Coupland, 2012), while ConM is only 2.6 times 

more frequent amongst white patients  compared to  black patients, which is 

similar to the frequency of mucosal melanomas (Hu et al., 2008, Jovanovic et al., 

2013). 

 

There are many differences between ConM, CM and UM, and these are detailed 

in (table 1.1). Differences in known genes involvement in these subtypes of 

melanoma will be discussed in more detail later in the following chapters. 

Although rare, ocular melanoma is a life-threatening disease, and therefore a 

good understanding of the basis of genetic and molecular changes may provide 

the opportunity for the development of targeted therapy to improve the prognosis 

of patients with metastatic disease (Triozzi et al., 2008, Patel et al., 2011, Larsen 

et al., 2015).   
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Table 1.1: Comparison between cutaneous and ocular melanomas (Uveal and 

Conjunctival melanoma) adapted from Jovanovic et al. (2013). 
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1.3  Conjunctival melanoma  
 
ConM occur from melanocytes located in the basal layer of the epithelium of the 

conjunctival membrane. Unlike other mucous membranes, there is only a small 

part of the conjunctiva, the bulbar, which is directly exposed to solar UV radiation  

(Isager et al., 2006, Jovanovic et al., 2013, Kalirai et al., 2017). ConM are rare 

ocular tumours but their incidence, like that of CM, is increasing (Inskip et al., 

2003, Triay et al., 2009). They comprise about 5% of all ocular melanomas and 

about 1.6% of all non-cutaneous melanomas (Scotto et al., 1976, Seregard, 

1998a, Seregard, 1998b, Shields, 2002) compared to their counterpart, UM, 

which accounts for roughly 80% of all non-cutaneous melanomas (Scotto et al., 

1976, Damato and Coupland, 2012). The rarity of this melanoma means that few 

controlled trials have been conducted to outline the best treatment to improve 

mortality rates (Shields et al., 2011, Larsen et al., 2015).  

 

1.3.1 Epidemiology and incidence 
 

The incidence of ConM increases with age, with more than half of patients    being 

over age 60 years, but it is rarely seen before the age of 20, although a few cases 

of ConM in children have been reported (Strempel and Kroll, 1999, Shields et al., 

2000, Brownstein et al., 2006, Jovanovic et al., 2013). It most commonly occurs 

in the white population, with an incidence of 0.1 to 0.08 per million compared to 

an incidence of 1% in African-American patients (Shields et al., 2004a, Shields et 

al., 2011, Shields et al., 2017). In addition, the incidence is nearly equal in both 

sexes (Seregard and Kock, 1992, Wolff-Rouendaal, 2009, Zembowicz et al., 

2010).    

 

1.3.2   Histopathological features   
 
Histologically, the conjunctiva is divided into three regions; the bulbar conjunctiva 

covers the eyeball, extending from the limbus (corneo-scleral junction) over the 

anterior sclera; the tarsal or palpebral conjunctiva lines the posterior surface of 

the eyelids; and the fornix conjunctiva is a smooth, flexible, protective sac formed 

between the bulbar and palpebral conjunctiva, which cover the anterior portion of 
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the eye (Peri-corneal surface), (Figure 1.2). ConM usually develops within the 

bulbar conjunctiva, rather than the forniceal or palpebral conjunctiva (Shields et 

al., 2011). 

 

                        

 
Figure 1.2: Haematoxylin and eosin stained section of the conjunctiva. 

Histologically, the conjunctiva can be divided into three parts: 1) cornea.  2) Lens. 

The inferior fornix conjunctiva (arrow 3) and the bulbar-conjunctiva (arrow 4); the 

palpebral portion of the lacrimal gland is also shown (arrow 5), the tarsal or palpebral 

conjunctiva (arrow 6) line the posterior surface of the eyelid. Figure adapted from 

www.images.missionforvisionusa.org.  

 
ConM often present as elevated pigmented lesions usually covered with an area 

rich in blood vessels. Patients usually describe it as a pigmented spot or lump, 

while irritation and pain are rare (Shields et al., 2000). This lesion can occur on 

any part of the conjunctiva but the most invasive part is the bulbar conjunctiva. 

Other less common sites of origin are the palpebral and forniceal conjunctiva, 

plica semilunaris and the caruncula (Anastassiou et al., 2002, Nasser and 

Esmaeli, 2011, Harooni et al., 2011). 

Lens 
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ConM usually develop from intra-epithelial melanocytes; that are normally sited in 

the basal layer of the epithelium of the conjunctival membrane, and which have 

long dendritic processes supplying melanin pigment into the adjacent epithelium 

to protect the eye from UV light (Shields et al., 2008b). During malignancy, these 

melanocytes will lose their dendrites and show uncommon structures such as an 

epithelial morphology with a large nucleus and prominent nucleoli. They also tend 

to increase in number and invade the more superficial layers of the epithelium, 

forming nests and increasing in density until most of the epithelium is replaced by 

atypical melanocytes (Shields et al., 2008a, Damato and Coupland, 2009, 

Damato and Coupland, 2012).                                                   

 

1.3.3   Aetiology    
 
The aetiology behind this condition is unclear although some studies have 

proposed that it is a result of increased exposure of the conjunctiva to UV light 

(Tucker et al., 1985, Tuomaala et al., 2002, Lake et al., 2011a). Such risk factors 

that may be associated with this condition include fair skin, a tendency to sunburn 

and a significant number of cutaneous naevi (Seregard, 1998a, Vora et al., 2017). 

There is also evidence reported that ConM can arise from primary acquired 

melanosis (PAM), pre-existing naevi or as de novo lesions (discussed in the next 

section) (Damato and Coupland, 2008). It may be difficult to determine the 

precursor lesion in many cases but approximately 60% of cases of ConM arise 

from PAM (Tuomaala et al., 2002, Missotten et al., 2005b, Hu et al., 2008). Data 

from different studies suggested that 10-74% of ConM cases are associated with 

PAM and about 1-26% are associated with conjunctival naevi  (Shields et al., 

2011, Jovanovic et al., 2013).    

 

   1.3.3.1  Primary acquired melanosis 

 

Most studies have emphasised that PAM is a serious melanocytic lesion that has 

potential for malignant transformation (Shields et al., 2000, Shields et al., 2007). 

It is referred to by other names that reflect this potential, such as precancerous 

melanosis and benign acquired melanosis; and has also been known as 

intraepithelial melanocytic hyperplasia, which defines the disease process 
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(Harooni et al., 2011). However, the name PAM was adopted by the World Health 

Organization to describe a flat brown patchy lesion of conjunctival pigmentation 

(Folberg 1996, Shields et al., 2008a). PAM can slowly progress over many years, 

extending into larger areas of the conjunctiva and skin, and it is usually unilateral 

and  found in middle-aged Caucasians (Kirkwood and Kirkwood, 2010). PAM can 

arise in any area of the conjunctiva such as the fornix and palpebral conjunctiva, 

however, if the palpebral conjunctiva is involved the pigmentation may spread into 

the eyelid margin to include the epidermis (Lin and Ferrucci, 2006). It is mostly 

found at the limbus and in the interpalpebral area and it may extend to the corneal 

epithelium, a feature that is usually associated with a worse prognosis (Lin and 

Ferrucci, 2006). PAM can be classified into two groups based on the presence or 

absence of atypia. Almost 13% of lesions with atypia eventually progress to 

invasive melanoma and carry a greater risk for malignant transformation PAM with 

mild atypia or without atypia is unlikely to show progression to melanoma (Shields 

et al., 2007(Irvine et al., 2012). Four different types of atypical melanocytes have 

been described in ConM including small polyhedral cells, balloon cells, epithelioid 

cells, and spindle cells (Jakobiec et al., 1989, Jovanovic et al., 2013) (Figure 1.3).  
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 1.3.3.2 Naevus  

 

Conjunctival naevi are benign lesions of melanocytic naevus cells usually located 

at the nasal or temporal limbus and rarely in the fornix, tarsus or cornea, as shown 

in figure 1.4 (Shields et al., 2004b). Most cases present during the first decade, 

but they can be found in patients of all ages, including young adults or the elderly 

(Thiagalingam et al., 2008). They are most common in Caucasians without 

specific distinction according to the sex of the patient. They can be classified 

based on histopathology into junctional, compound, subepithelial, and other less 

common subtypes such as blue and combined naevi (Shields et al., 2004b). Some 

reported evidence has shown that approximately 20-25% of patients with ConM 

have a benign conjunctival naevus although conjunctival naevi rarely progress to 

melanoma, but if this does occur, there is a significant mortality rate of about 13% 

(Albreiki et al., 2012). 

B 

C 

Figure 1.3: Illustrating some 
types of melanocytic cells that 
are found in conjunctival 
melanoma. a) spindle cells, 

whereas  b) are epithelioid cells 

with prominent nucleoli and an 

eosinophilic cytoplasm (Jakobiec 

et al., 1989) C) the prominent 

ballooned cells character of the 

nevus cells is showed by their 

polyhedral with round to slightly 

central nuclei (Pfaffenbach et al., 

1972). 

A 
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Figure 1.4: A typical conjunctival naevus. a) Slit-lamp appearance. b) A light 

micrograph stained with haematoxylin and eosin; the arrow shows the border 

between the intraepithelial and sub-epithelial naevus. Cysts present in the lower part of 

the figure and these are typical of conjunctival naevi  (Damato and Coupland, 2008).   

   

 1.3.3.3  De novo lesions 

Melanomas arising from de novo lesions are probably far less common than 

melanomas deriving from PAM or naevi (Seregard and Kock, 1992). Roughly 20% 

of ConM cases arise from de novo lesions (de Wolff-Rouendaal and Oosterhuis, 

1983, De Potter et al., 1993, Wolff-Rouendaal, 2009). In addition, it is possible 

that in some of these cases the precursor lesion may no longer be recognised 

and de novo presentation may in fact be even rarer (Seregard, 1998a). The most 

common de novo site can be found at the limbus, where the lesion typically has a 

short horizontal growth followed by a rapid vertical growth (Jakobiec et al., 1989).  

1.3.4   Clinical /pathological prognostic factors   

Various studies have demonstrated that the prognosis of ConM is associated with 

several clinical and histopathological features (Seregard, 1998a, Shields et al., 

2000, Anastassiou et al., 2002, Jovanovic et al., 2013). The most important 

clinical features associated with prognosis are discussed in the following sections. 

 

 

 

 

A B 
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  1.3.4.1 Tumour location 

Tumour locations involving the palpebral conjunctiva, plica, carunculae, fornices 

and eyelid borders lead to a higher mortality rate (Paridaens et al., 1994, Shields 

et al., 2000, Anastassiou et al., 2002, Shields et al., 2011, Jovanovic et al., 2013). 

In addition, other studies reported that tumours found in non-epibulbar locations 

were also associated with increased mortality compared to epibulbar locations, 

which show a lower rate of local recurrence and distant metastases (Tuomaala et 

al., 2002, Missotten et al., 2005a, Jovanovic et al., 2013). 

 

  1.3.4.2 Tumour depth and size  

Increasing tumour thickness and diameter are also indications of poorer prognosis 

as well as predictive of lymphatic spread, distant metastases and melanoma-

related mortality (Heindl et al., 2011, Damato and Coupland, 2012, Kalirai et al., 

2017). Based on histopathologic findings, most authors agree on the depth of the 

tumour as a prognostic value, but there is controversy about the relevance of 

tumour thickness. Some authors maintain that a minimal 1.5 mm depth is critical 

whereas others claim that prognosis is worse in tumour thicknesses of more than 

0.8 mm (Folberg et al., 1985, Fuchs et al., 1989), 1.0 mm, or 2.0 mm (Lommatzsch 

et al., 1990b, Seregard and Kock, 1992).    

 

  1.3.4.3   Origin of ConM   

Evidence suggests that ConM melanomas arising from de novo have a worse 

prognosis compared to those arising nevus or from PAM (Reese, 1938, Jay, 1965, 

Liesegang and Campbell, 1980, Shields et al., 2011). 10 years metastatic 

diseases usually occurred in 49% of de novo compared to 25-26% arising from 

nevus or PAM (Shields et al., 2011, Jovanovic et al., 2013) These early studies 

however, did not take account of other potential prognostic factors such as 

anatomical location, histological thickness and multifocality of the melanoma (Jay, 

1965, Liesegang and Campbell, 1980). Finally, Crawford (1980) and Folberg et 

al. (1985) reported that all these prognostic factors and the recurrences of ConM 

should be taken into consideration to predict any metastasis (Crawford, 1980, 

Folberg et al., 1985).  
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1.3.5   Metastases and survival 
 
Metastases in ConM can spread via two ways: lymphatic and haematogenous 

spreading (Savar et al., 2009, Savar et al., 2011, Jovanovic et al., 2013). The 

most common regions affected by metastases spread via the lymphatic system to 

are the parotid, preauricular, submandibular and cervical lymph nodes (Esmaeli 

et al., 2001, Missotten et al., 2005b). For instance, metastases from a lateral 

lesion usually spread to the preauricular lymph nodes whereas the medial lesion 

spreads most commonly to the submandibular lymph nodes (Cook et al., 2002, 

Lim et al., 2006). In addition, recurrent locations of distant metastases can spread 

haematogenously to the liver, brain, skin and lungs (Shields et al., 2000, 

Tuomaala and Kivela, 2004). In rare cases, ConM metastases can extend directly 

towards the globe or into the orbit, sinuses and cranial cavity (Missotten et al., 

2010). In a nationwide study of ConM, Paridaens and colleagues consistently 

found five and ten-year survival rates at 82.9% and 69.3% (Paridaens et al., 

1994). Similarly, Missotten and colleagues reported a five-year survival rate of 

86.3% and ten-year survival rate of 71.2% (Missotten et al., 2005a). Berta et al. 

(2015), meanwhile, found that the 10-year ConM mortality can be up to 30 %, and 

the recurrence rates after treatment up to 50 %, while the overall incidence of 

metastasis is 26% (Berta-Antalics et al., 2015). The high rate of recurrent disease 

remains one of the major problems in the clinical management of ConM. 

  
1.3.6 Treatment    
 
The treatment options for ConM involve surgical excision and excision in 

combination with adjuvant therapies such as cryotherapy, radiotherapy and 

topical chemotherapy (Mytomicin C) (Lommatzsch et al., 1990a, Finger et al., 

1998, Aronow and Singh, 2013, Salazar Mendez et al., 2014, Wong et al., 2014). 

Newer treatments, such as targeted therapy and immunotherapy for metastases 

are under investigation, although no established treatment for distant metastasis 

is available yet (Wong et al., 2014, Brouwer et al., 2017).  
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1.3.6.1 Surgical treatment  

 

The preferred treatment for ConM is usually surgical excision (Folberg, 1996, 

Shields et al., 1997, Shields et al., 1998, Salazar Mendez et al., 2014). It is 

currently recommended  for a ConM to be removed with a 3-5 mm free 

conjunctival margin, after which supplemental cryotherapy is performed to the 

surgical margin (Seregard, 1998b). Missotten et al. (2005) discovered that the 

chance of recurrence was less when the treatment of primary tumour was excision 

with brachytherapy compared with other treatments such as excision with 

cryotherapy or excision alone. Nevertheless, there is still no significant difference 

in survival between the different treatment approaches (Missotten et al., 2005a).  

 

1.3.6.2 Exenteration    
 

The surgical procedures to treat ConM may be classified into local excision or 

enucleation of the globe with the removal of some of the bulbar conjunctiva, and 

exenteration of the orbital contents (Seregard, 1998b). To date, both patients and 

surgeons have preferred to avoid orbital exenteration, both due to the loss of 

visual function and the resulting poor cosmetic appearance. In some serious 

cases, however, like deeply invasive and multifocal tumours,  exenteration of the 

orbital contents may be the best option (Paridaens et al., 1994).   

 

1.3.6.3 Radiotherapy  

 

In some cases, beta irradiation is immediately used on the surgical margin after 

tumour excision for better local control and for cosmetic appearance (Paridaens 

et al., 1994). Many surgeons therefore, recommend using irradiation as an 

alternative therapy to exenteration (Stannard et al., 2000). Recently, electron 

beam radiotherapy and proton beam irradiation have been used as other 

treatments for ConM, but there is limited literature regarding their use (Wong et 

al., 2014, Heindl et al., 2015). 
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1.3.6.4 Cryotherapy  

 

Works by freezing the cells, producing ischemia to prevent disruption of the 

microvasculature (Layton and Glasson, 2002). This helps the epithelial sloughing, 

involving atypical melanocytes, and the substantia propria, which aids to decrease 

scar formation. This type of therapy is applied especially in cases with extensive 

and multifocal tumours. It has the ability to decrease the risk of local recurrence 

(Jakobiec et al., 1982, Jakobiec et al., 1988, Damato and Coupland, 2009, Lim et 

al., 2013).  

 

  1.3.6.5 Topical chemotherapy 

 

Mitomycin C is a non-specific antibiotic, which isolated from Streptomyces, that 

acts as an alkylating agent to stop DNA synthesis and help breakage of single-

stranded DNA (Abraham et al., 2006, Ditta et al., 2011). This topical treatment is 

not recommended to treat primary tumours with nodular melanomas because of 

the high rate of local recurrence, but should be considered as an alternative 

primary treatment for PAM with atypia, and an adjuvant therapy for nodular 

disease (Finger, 2006, Salazar Mendez et al., 2014). 

 

1.3.7 The genetics basis of conjunctival melanoma 

 

There is little known about the genetic alterations involved in ConM, and 

investigations into the genetic pathogenesis of ConM have thus far been limited 

mainly to BRAF mutational analysis and small cytogenetic studies, as illustrated 

in (Table 1.2). 
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1.3.7.1 Oncogenic Mutations in ConM     

 

1.3.7.1.1 BRAF and NRAS 

Melanoma that occurs from malignant transformation of melanocytes that 

includes several genetic changes usually affected many signalling pathways 

involved mitogen-activated protein kinase (MAPK) or Phosphoinositide 3-kinase 

(P13K) (Figure 1.5). The MAPK pathway is a significant regulator of cellular 

proliferation and survival that has been implicated in many different cancers (Luca 

et al., 2012). All previous studies have shown that ConM share some common 

genetic alterations with CM but seem to be distinct from UM (Vajdic et al., 2003a, 

Van Raamsdonk et al., 2010, Westekemper et al., 2011, Zoroquiain et al., 2012, 

Griewank et al., 2013b). In CM, the most common oncogene mutations are of 

BRAF, NRAS and KIT while other mutations that have been detected in up to 70% 

of melanoma patients affect the RAF and RAS genes (Greene et al., 2009, 

Dumaz, 2011, Luke and Hodi, 2012). The genetic  understanding of ConM is very 

limited however, with most studies having centered only on the possible role of 

BRAF and its mutation in ConM (Lake et al., 2011b). The BRAF gene is a 

serine/threonine kinase that result in noticeably increased kinase activity of the 

BRAF protein and leads to constitutive activation of downstream components of 

the RAS-RAF-MEK-ERK pathway (Wan et al., 2004, Wong et al., 2005). In ConM, 

BRAF mutations match those of CM and have been found predominantly in two 

small regions of the kinase domain of the BRAF molecule (Gear et al., 2004a), 

most frequently in exon 15, with a single T-A substitution, whilst other mutations 

have also been found in a region of exon 11 (Brose et al., 2002).     
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Table 1.2: Summary of some studies investigating genetic alterations in 

conjunctival melanomas.  
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Figure 1.5: The Mitogen-Activating protein (MAP) Kinase and Phosphatidylinositol 

3 Kinase (P13k) Pathway.  Signals from tyrosine can promote proliferation through the 

MAP kinase pathway (left branch) and survival through the P13 kinase pathway (right 

branch)  (Curtin et al., 2005). 

 

One study reported a G1402A point mutation of exon 11 which encodes a G468R 

substitution and found it to be associated with NRAS mutation (Gorden et al., 

2003). However, it is likely that the BRAF exon 11 mutation does not provide 

sufficient stimulus to the MAPK pathway and that the addition of RAS activity is 

required for adequate activation (Gorden et al., 2003). Previous studies have also 

shown that BRAF V600E mutations are found in 14% to 50% of ConM (Lake et 

al., 2011a, Griewank et al., 2013b, Larsen et al., 2015). The BRAF gene has 

missense mutations in about 66-80% of primary melanoma tumours, whereas 

around 59% are found in melanoma cell lines and 80% in melanoma short-term 

cultures (Brose et al., 2002, Davies et al., 2002). The V600E mutation of BRAF, 

as it is known, is not however found in UM  (Seregard, 1998a, Spendlove et al., 

2004, Gear et al., 2004b), but to provide more credence for its importance to 

ConM, BRAF mutations have also been detected in approximately 50% of 

conjunctival naevi (Goldenberg-Cohen et al., 2005).  
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NRAS is one of the family members of the RAS gene. NRAS mutations occur in 

15% to 20% of melanomas (Omholt et al., 2003, Jakob et al., 2012). Mutations in 

the other two RAS family members, HRAS and KRAS, are extremely rare in 

melanomas (1%–2%). Similar to BRAF mutations, NRAS mutations have not 

been detected in UM but have been found in cutaneous nevi (Bauer et al., 2007, 

Yeh and Bastian, 2009). The majority of NRAS mutations affect the nucleotides 

encoding the G12, G13, and Q61 residues of the protein (Jakob et al., 2012). In 

melanomas, 80% of NRAS mutations affect Q61, while KRAS mutations generally 

affect G12-13 (Riely et al., 2008, Jakob et al., 2012). These mutations lead to 

GTPase inactivation, resulting in constitutive GTP binding and activation of the 

protein. RAS activation leads to multiple downstream signalling events. The most 

well-recognised oncogenic downstream signalling events are phosphorylation 

and activation of PI3K (phosphatidylinositol 3OH-kinase) and the PI3K/AKT 

pathway, as well as RAF, leading to mitogen-activated protein (MAP) kinase 

signalling through the RAS/RAF/MEK/ERK signalling cascade. Clinically, the 

presence of NRAS mutations is associated with primary tumours of greater 

thickness and poorer prognosis in metastatic disease (Jakob et al., 2012).    

 

1.3.7.1.2   GNAQ and GNA11 

The most frequent mutation in UM is a somatic mutation in the guanine nucleotide 

binding protein (G protein), q polypeptide (GNAQ) which is detected at 

chromosome 9q21, as well as guanine nucleotide binding protein (G protein), 

alpha 11 (Gq class) (GNA11) at chromosome 19p13.3 (Raamsdonk et al., 2004). 

Activating mutations in GNAQ and GNA11 were found in 80% to 90% of uveal 

melanomas (Van Raamsdonk et al., 2009, Van Raamsdonk et al., 2010). These 

mutations are also frequent in blue nevi and central nervous system melanocytes 

(Kusters-Vandevelde et al., 2010, Wiesner et al., 2012), but are very rare in CM 

and ConM (Van Raamsdonk et al., 2010, Dratviman-Storobinsky et al., 2010). 

The vast majority of both mutations (90%) occurs at codon Q209 of exon 5, in a 

region of the catalytic domain (GTPase), while the minority (5%) of these 

mutations are found in exon 4 affecting codon R183. Mutation at codon 209 

usually occurs as a result of change glutamine substitution to leucine (Q209L) in 

both GNA11/GNAQ, or glutamine substitute to proline (Q209P) in GNAQ; 

furthermore, the mutation in codon 183 is caused by arginine (R) substitution to a 
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cysteine (C) (Kalinec et al., 1992, Landis et al., 1989).�All mutations lead to 

inhibition of GTPase function and a constitutively GTP-bound activated protein 

(Kleuss et al., 1994). 

 

1.3.7.1.3 Recent driver mutations  

A recent driver mutation found in melanoma is the promoter region of TERT. This 

gene is located at chromosome 5p15 and encodes the catalytic reverse 

transcriptase subunit of telomerase, which is part of the ribonucleoprotein 

complex of telomeric DNA responsible for maintaining the telomere length at the 

chromosome ends (Dwyer et al., 2007). This mutation creates a new binding motif 

for E-twenty-six (ETS) transcription factors (Horn et al., 2013). Although the role 

of telomerase in tumorigenesis is well established, details regarding its 

dysregulation in cancer cells remain incompletely understood, particularly in 

melanoma (Huang et al., 2013b). 

 

A recent study established that the mutation in the TERT promoter has been 

shown in different human cancers, including bladder cancer, hepatocellular 

carcinoma and different types of gliomas (Killela et al., 2013a). Another two 

studies have revealed recurrent mutations of the TERT promoter in both sporadic 

and familiar malignant melanomas (Horn et al., 2013, Huang et al., 2013b). They 

reported that up to 71% of CM harboured novel mutations in the promoter region 

of TERT. These mutations were shown to lead to increased TERT expression, 

most likely by creating ETS transcription-factor-binding sites. Mutations of 

the TERT promoter are quite frequent (32%-41%) in ConM (Griewank et al., 

2013a, Koopmans et al., 2014) but have not been detected in UM (Dono et al., 

2014). The mutations identified in ConM are identical to those described in CM 

(Horn et al., 2013, Huang et al., 2013b). The identified hotspot mutations, which 

cause a cytidine-to-thymidine (C>T) dipyrimidine transition at chromosome 5 base 

position 1,295,228 (C228T) or at base position 1,295,250 (C250T) (Griewank et 

al., 2013a, Vinagre et al., 2013, Huang et al., 2013a, Koelsche et al., 2014) (Figure 

1.6). 
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Figure 1.6: Diagram illustrated the promoter region of TERT with the nucleotide 

numbering of the molecular location on chromosome 5. DNA sequence of the 

mutational hotspot region with a wild type and a mutated strand, which displays the 

nucleotide exchange from cytosine to thymine (represented in red). Chromatogram 

sequencing represents the heterozygous C228T and C250T mutations (indicated by 

black arrows). Every mutation formed a new binding motif for E-twenty-six/ternary 

complex factors (Ets/TCF) transcription factors (highlighted by greyish rectangles) 

(Koelsche et al., 2014).  

 

1.3.7.2   Chromosomal aberrations in ConM  

 

Several different procedures have been used to study chromosomal changes in 

ConM. Fluorescence in situ hybridisation (FISH) is a molecular cytogenetic 

technique first used in biomedical research in the early 1980s to identify the 

presence or absence of specific DNA sequences on chromosomes (Langer-Safer 

et al., 1982) and has been of great value in many studies for clarifying the 

distinction between melanocytic naevi and CM. Some studies have shown that 

FISH probes targeting 6p25 (RREB1), 6q23 (MYB), 11q13 (CCND1) and 

centromere 6 (CEP6) can help in the distinction of conjunctival melanocytic naevi 

from melanoma (Morey et al., 2009, Gerami et al., 2009, Busam et al., 2010, 

Mudhar et al., 2013). Busam and colleagues reported gains in RREB1 (6p25) in 
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all six of the tumours they studied, and of cyclin D1 (11q13) in four of the six; both 

of these alterations are frequently found in CM (Busam et al., 2010). In addition, 

McNamara and colleagues reported in their study that the aberrations seen by 

using FISH are distinct from those of UM, suggesting different genetic 

mechanisms for the two ocular tumours (McNamara et al., 1997).  

 

The genetics of ConM have also been investigated by using Multiplex Ligation-

Dependent Probe Amplification (MLPA) (Lake et al., 2011a). They reported that 

eight of 16 of primary tumour samples and four of six of metastatic samples 

presented BRAF V600E gene mutations. Gains of CDKN1A and RUNX2 (both 

6p21.2) were detected in 11 and 16 of 21 primary ConM, respectively. 

Conversely, the most frequent gains in metastatic ConM were MLH1 (3p22.1) and 

TIMP2 (17q25.3), and the most frequent deletions were MGMT (20q26.3) and 

ECHS1 (10q26.3). Lake’s study demonstrated that there were no statistically 

significant associations between BRAF mutation or CDKN1A or RUNX2 

amplification and histologic cell type, sex, age, or patient survival (Lake et al., 

2011a). Conclusively, all chromosomal changes that have been found so far in 

ConM indicate a close relationship with CM, in contrast to UM where the most 

common chromosomal abnormality is monosomy of chromosome 3 (M3) or loss 

of one copy of chromosome 3, losses of 1p, 8p and gain of 6p and 8q (Griffin et 

al., 1988, Sisley et al., 1990, Prescher et al., 1990, Aalto et al., 2001).  

Furthermore, Vajdic et al. (2003a) used chromosomal CGH and found two cases 

of ConM showing chromosomal changes including 10q and 16q loss, which is 

similar to what has been found in CM (Vajdic et al., 2003a). Keijser et al. (2007) 
reported a very complex karyotype in their cytogenetic study, with gains, deletions 

and changes in nearly all chromosomes being detected in the majority of cultured 

cells (Figure 1.7) (Keijser et al., 2007).  Recently, Griewank et al. (2013) analysed 

conjunctival melanoma tumours by using Array comparative genomic 

hybridisation (array-CGH) (Figure 1.8), and reported that their findings were 

comparable to cutaneous and mucosal melanomas, with gains of 1q, 3p, 7, 17q 

and losses of 9p, 10, 11, and 12q, but different from UM (Griewank et al., 2013b). 

This biological information is essential, not only for understanding the 

pathophysiology of the disease progression, but also for its implications for 

therapy and for the enrolment of patients in clinical trials of new treatments. 
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Figure 1.7: Diagram showing a new cell line of recurrent conjunctival melanoma. A 

very complex karyogram with gains, deletions and changes in almost all chromosomes 

being observed in the majority of cultured cells (Keijser et al., 2007). 
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Figure 1.8: individual chromosome penetrance plot of conjunctival melanoma. Red 

bars to the right of the chromosome represent the frequency of amplifications and green 

bars to the left of the chromosome represent deletions. Dotted lines on the right and left 

side of each chromosome ideogram indicate the frequency (0% to 100%) of the identified 

aberrations, the heights of the bars correspond to the relative frequency of aberrations 

among the cases (Griewank et al., 2013b).   
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1.4 Hypothesis and aim of the study  
 
ConM are rare ocular tumours, but their incidence, like that of CM, is increasing, 

with exposure to sunlight being considered to be a factor in their development 

(Vajdic et al., 2003a, Van Raamsdonk et al., 2010, Westekemper et al., 2011, 

Zoroquiain et al., 2012, Griewank et al., 2013b). Little is known about the genetic 

changes that are associated with this malignancy but some ConM seem to be 

associated with mutations of the BRAF gene (Gear et al., 2004a), which is also 

commonly mutated in the cutaneous form  (Akslen et al., 2005). Genetic 

classification of ocular melanomas has shown itself to be highly reliable in 

determining the prognosis of patients with UM, but there is insufficient information 

available to make similar comparisons for ConM. Therefore, techniques such as 

array-CGH will help to determine these alterations in frozen/archival samples and 

also screen these sample by direct sequencing for known oncogene such as 

GNAQ, GNA11, BRAF, NRAS and TERT genes that have previously been shown 

to be prognostic markers in other ocular melanomas will give clear information 

about the genetic instability that might associated with this malignancy especially 

when correlate the finding with other approach such as IHC. Therefore, the aims 

of the study were to:  

Ø Identify chromosomal changes that leading to amplifications and deletions 

among a series of ConM tumours and compared the finding with the other 

melanoma subtype such UM and CM. 

Ø Identify candidate genes within the target regions of amplification and 

deletion. � 

Ø Correlate genetic abnormalities with clinical and pathological parameters � 
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2.1 Patients and tumour samples  
 

2.1.1 Ethics statement  

 

All the tumour samples used in the study were obtained from patients undertaking 

enucleation at the Royal Hallamshire Hospital, Sheffield, UK. Ethical approval 

(15/NW/0239) was obtained from the National Research Ethics Committee for the 

collection and use of fresh and archival tissue samples. All data from archival 

tissue were analysed namelessly. Tumour samples were collected and stored 

according to the principles of the Declaration of Helsinki and the use of tissue 

following the Human Tissue Act, 2004. 

 

2.1.2 Sample selection 

 

Fresh tumour samples were obtained from patients diagnosed with primary ConM 

at Royal Hallamshire Hospital, Sheffield UK and 17 archival Formalin Fixed 

Paraffin Embedded (FFPE) blocks from ConM cases were collected from the 

Histopathology Department of the Royal Hallamshire Hospital, Sheffield, UK and 

supplied through collaboration by Dr. Hardeep.    
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2.2  MATERIALS 
 
The general laboratory chemicals, reagents and plastic wear used in this study 
are listed in table 2.1 and 2.2. 
 
Table 2.1: General laboratory chemicals and reagents. 
 

Reagent  Supplier 

Ethidium bromide FischerâScientific, UK 

Bromophenol blue  Sigma-Aldrichâ,UK 

DePex vWRâInternational, UK 

DAKO Agilent, Stockport, UK 

Magnesium sulphate FischerâScientific, UK 

Deionised water   

Nail varnish Boots Chemist, UK 

Sterile phosphate buffered saline (PBS) vWRâInternational, UK 

Gill’s haematoxylin FischerâScientific, UK 

Agarose FischerâScientific, UK 

EDTA FischerâScientific, UK 

Hydrogen peroxide BDH, Pool, UK 

Ethanol  FischerâScientific, UK 

Methanol  FischerâScientific, UK 

Tween 20 Sigma-Aldrichâ, UK 

Xylen FischerâScientific, UK 

Hydrochloric acid   FischerâScientific, UK 
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Table 2.2: The plastic ware used in this study.  

 

Disposable laboratory equipment   Supplier  

Vented tissue culture flasks (T25, 

T75cm²) 

NuncTM, Fisher Scientific UK 

 

15, 25 and 50ml tubes Sarstedt, Leicester, UK 

Sterile stripettes (5,10ml) Corning Incorporated, Costar® 

10, 20, 200 and 1000μl pipette tips Sarstedt, Leicester, UK   

10, 20, 200 and 1000μl filter pipette tips Starlab, Milton Keynes, UK 

Blotting papers Hollingsworth and Vose Ltd., UK 

Coverslips (22×22/32/50mm) VWR International Ltd. Poole, UK 

Greiner plastic (3ml) Pasteur pipette Scientific Laboratory Supplies, UK 

Latex examination gloves Kimberly-Clark, Kent, UK 

Plastipak syringes (1ml) Scientific Laboratory Supplies, UK 

Plastic disposable pipettes SLS, Nottingham, UK 

Sterile Scalpels  Swann Morton, Sheffield, UK 

 

 
2.2.1 Tissue culture reagents and chemicals 
 

Culture media: Rosewell Park Memorial Institute medium (RPMI-1640, Lonza, 

BioWhittaker®) was supplemented as shown in table 2.3 below and then stored 

at 4°C and warmed to 37°C prior to use. 

Trypsin-EDTA: 0.4% Trypsin-EDTA solution stored in 50ml aliquots at -20ºC 

(Lonza, BioWhittaker®). 
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Table 2.3: Tissue culture medium with supplements.  

       Supplement Dilution in 500ml of  
RPMI        % 

Supplier  

Foetal calf serum                  20% Lonza, BioWhittakerâ 

L-glutamine (200mM in0.85% 
NaCl) 

                1% Lonza, BioWhittakerâ 

Penicillin/Streptomycin  
Antibiotic (10kU/ml) 

                1% Lonza, BioWhittakerâ 

D+ glucose (45% solution                 0.5% Sigma-Aldrich, UK  

Amphotericin antifungals                  1% Lonza, BioWhittakerâ 

 
2.2.2 Material and equipment for karyotyping   
 
Colcemid: 10μg/ml Karyomax® Colcemid (GIBCO), was stored at 4ºC.  

Hypotonic solution: 0.075M potassium chloride (KCl) (sigma-Aldrich, UK) was 

prepared by adding 2.235g KCl in 400ml dH2O; it was autoclaved and then stored 

at 4ºC, and warmed to 37ºC prior to use. 

Fixative solution: 3:1 mixture of methanol and glacial acetic acid was freshly 

prepared prior to each use. 

Microscopy slides: Superfrost slides (Vector) were manually cleaned with Decon 

90 detergent (BDH) and then stored in dH2O at 4ºC for up to one week. 

Gurr’s buffer: One Gurr’s buffer tablet at pH 6.8 (BDH) in 1000ml dH2O, stored at 

room temperature.  

Leishman’s stain (Giemsa stain): 1:4 mixture of 2.0% Leishman’s Stain (BDH) and 

Gurr’s buffer, used within 15 minutes of preparation. 

Sorenson’s Buffer: 9.47g of disodium hydrogen orthophosphate (Na2HPO4) 

(Sigma-Aldrich, UK) and 9.08g potassium dihydrogen orthophosphate (KH2PO4) 

(Sigma-Aldrich, UK) made up to 1000ml with ddH2O and stored at room 

temperature for up to one month. 

Banding Trypsin: 0.6g of Trypsin was prepared by adding 1:250 powders in 250ml 

of Sorensen’s buffer and then stored in 10ml aliquots at -20ºC. 

Microscopy: an Olympus® BH-2 light microscope attached to a Cohu high-

performance Charge-Coupled Device camera and Powergene software on an 
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Apple Macintosh PC were used to capture and analyse images of metaphase 

chromosomes.   

2.2.3 Material and equipment for DNA extraction  
 

DNeasy® Blood and Tissue Kit and FFPE kit containing: 

v Proteinase K 

v Lysis Buffer (Buffer AL) 

v Tissue Lysis Buffer (Buffer ATL) 

v Elution Buffer (Buffer AE) 

v Wash Buffers (Buffers AW1 and AW2) with addition of the appropriate 

volume of 100% ethanol to the concentrate 

v DNeasy® mini spin columns and collection tubes 

v NanoDrop® ND-1000 (Thermo Fisher Scientific, Wilmington, USA). 

 

2.2.4 Material for Whole Genomic Amplification (WGA) 
 

GenomePlex ® Complete Whole Genome Amplification Kit were stored at -20C° 

containing: 

v 10´Fragmentation buffer  

v 1´ Library preparation buffer  

v Library preparation solution 

v Library preparation enzyme 

v 10´Amplification Master Mix 

v WGA DNA Polymerase  

v Water Molecular biology reagent  

v Control Human Genomic DNA 

GenElute PCR clean-up kit stored at room temperature(20-25°c) containing: 

v GenElute plasmid mini spin column (Sigma-Aldrich) 

v 2 ml collection tube 

v Wash solution concentrated  

v Binding solution  

v Column preparation solution  

v Elution solution   
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2.2.5 Material and equipment for Array Comparative Genomic 
Hybridisation (Array-CGH) 
 
Restriction Digestion Enzymes: (Promega™) were stored at -20 ºC containing: 

v 10X Buffer C 

v Rsa 1 (10 U/μl) 

v Alu 1 (10 U/μl) 

v Acetylated Bovine Serum Albumin (10μg/ml) 

Genomic DNA Enzymatic Labelling Kit: (Agilent) stored at -20ºC containing: 

v Random Primers 

v 10X dNTP 

v 5X Buffer 

v Cyanine 3-dUTP (1.0mM) 

v Cyanine 5-dUTP (1.0mM) 

v Exo-Klenow Fragment 

Oligo array-CGH Hybridisation Kit: (Agilent) containing: 

v Agilent 10X Blocking Agent. Blocking Agent can be prepared in 

advance and stored at -20ºC CGH block   

v Agilent 2X Oligo array-CGH Hybridisation solution stored at room 

temperature 

Universal Linkage System (ULS) Labelling Kit: (Agilent) stored at 4°C containing: 

v ULS-Cy 3 reagent 

v ULS-Cy 5 reagent 

v 10X Labelling solution�  

v KREA pure® purification columns with collection tubes 

Cot-1 DNA: 1mg/ml stored at -20 °C 

Blocking Solution: (Agilent): CGH block® stored at -20C° 

Microarray Hybridisation Assembly: (Agilent, Stockport, UK) containing: 

v Hybridisation Gasket Slide (Off the shelf slide) 

v SurePrint® G3 Human CGH Microarray Slide 4×180K 

v Hybridisation Chamber Kit-SureHyb® enabled, Stainless Steel 
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Microarray Hybridisation Oven: (Agilent) fitted out with removable rotator rack 

Wash Buffer Kit: Oligo array-CGH/ChIP-on chip Wash Buffer Kit containing: 

v Oligo array-CGH Wash Buffer 1  

v Oligo array-CGH Wash Buffer 2 

Sure, Scan High-Resolution Microarray Scanner (Agilent) 

     
2.2.6 Material for Genomic DNA sequencing  
 
Immolase DNA polymerase kit: (Bioline, London, UK), stored at -20°C and 

containing: 

v 10� Immunobuffer� 

v 50 mM MgCl2 solution 

v Immolase DNA Polymerase  

GC-rich PCR Kit: (Sigma-Aldrich), stored at -20°C and containing: 

v GC-rich Enzyme 1x50ul (100U) 

v GC-rich PCR reaction buffer 5x concentration include 7.5mM MgCl2 

(final concentration 1.5mM) and DMSO 

v GC-rich resolution buffer 5M 

dNTPs kit: (Bioline, London, UK) containing dATP, dCTP, dGTP and dTTP 

(100mM), was made by adding 25μl aliquots from each solution into one tube, 

then 100μl of dH2O added to the mix to make up 10mM of dNTPs. � 

Thermocycler: A SensoQuest thermal gradient cycler was used with a 96-

electroformed gold-plated silver thermos-block (Geneflow, UK). � 

Agarose: Agarose powder (Fisher) was stored at room temperature. 

Running Buffer: 50X stock solution TAE (Tris-Acetate-EDTA) was diluted to 1X 

prior to use by dissolved 242g tris bases, 57.1 ml glacial acetic acid and 18.6g 

EDTA into 1000ml of dH2O and stored at room temperature. 

Electrophoresis Unit: Multi sub choice electrophoresis unit (Geneflow, UK) � 

containing: 
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v Gel casting tray (15 × 7cm) 

v Sample comb (for 20 samples) 

v Electrophoresis tank 

Ethidium bromide: 10mg/ml ethidium bromide prepared by dissolving 1g ethidium 

bromide in 100ml dH2O and stored at room temperature. 

DNA Ladder: 1kb DNA ladder (Promega™) stored at 4ºC. 

Loading Buffer: 6X Loading buffer (-0.25% (w/v) bromophenol blue and 30% (v/v) 

glycerol) was prepared by adding 25mg bromophenol blue to 3ml glycerol and 

made up to 10ml with dH2O and then stored at 4ºC. 

Power source: A Power-Pac 3000 basic power supply for electrophoresis 

(BioRad).� 

 

2.2.7 Primer design   
 

Primer mapping (forward and reverse) primers for BRAF, GNAQ, GNA11, NRAS 

and TERT was used to double check gene targets using the sequences available 

on the NCBI database before we ordered them. These primers (Table 2.4) came 

lyophilised from (Eurofins Genomics, Ebensburg, Germany) and were 

reconstituted with nuclease-free H2O to obtain a concentration of 10 pmol/μl 

before being stored at -20 °C. (Houben et al., 2004, Goldenberg-Cohen et al., 

2005, Van Raamsdonk et al., 2010, Xu et al., 2014). 
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Table 2.4: Primer sequences for BRAF, GNAQ, GNA11, NRAS and TERT and 

the product size expected. 
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2.2.8 Material for Fluorescence In-situ Hybridisation (FISH) 
 
Commercial Probes: Commercial FISH probes (Vysis) were stored at -20°C in the 

dark. The commercial probes used in this study are CEP 3 Chr 3 Centromere 

3p11.1-q11.1 SpectrumOrange®1.0μl and CEP 8 Chr 8 Centromere 8p11.1-q11.1 

Spectrum Green® 1.0μl.   

Pepsin: Pepsin (Sigma) stored at -20ºC in 25μl aliquots at 100mg/ml stock 

concentration and diluted 1:2000 in 0.01 NHCl for working concentration. 

RNase A: RNase A (Thermos-Fisher) stock stored at -20 ºC in 25μl aliquots. 

PBS with MgCl2: PBS + 50mM MgCl2 (50ml 1M MgCl2 + 950ml PBS) stored at 

room temperature for up to one month. 

Fixative Solution: 37% Formaldehyde (Sigma) stored at room temperature in the 

dark and diluted to 1% in PBS/MgCl2. 

SSC Buffer: 20X Saline Sodium Citrate (SSC), (FischerâScientific, UK) stock 

prepared as from components outlined below in 1L dH2O, adjusted to pH 7.0 and 

stored at room temperature, 3M NaCl�or 300mM NaHCO3. 

SSCT1: 0.4xSSC/0.3% Tween 20 (200ml 2XSSC + 1.5ml Tween 20 made up to 

500ml with deionised water). 

SSCT2:  2XSSC/0.1% Tween 20 (500ml 2XSSC + 0.5ml Tween 20). 

 

2.2.9 Material for Immunohistochemistry (IHC) 
 

Bleaching: Made fresh on the day of use by adding 15ml of hydrogen peroxide 

H202 (Sigma-Aldrich, UK) to 285ml of PBS. 

Peroxidase quenching solution: 0.3% (methanol/ H2O2), freshly prepared by 

adding 270ml methanol to 30 ml of Hydrogen peroxide (H202). � 

Target retrieval Solution (10x): 1:10, freshly prepared by adding 10ml DAKO 

(Agilent Stockport, UK) to 90ml deionized water adjusted to pH 6.0.  

Normal Blocking Serum: 10% (goat serum/PBS/Casein) normal goat serum 

(Vector Laboratories, UK) was stored at 4°C diluted in PBS with Casein to give a 

10% working concentration.� 

Primary Antibodies: All primary antibody was provided by (Abcam, Cambridge,  

UK), and was stored at 4°C and diluted in 2% normal goat serum (table 2.5).  
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Table 2.5: Summaries of all the primary antibodies and their conditions that used 
in this study. 
 

Antibodies Type  Source  Class  Control tissue  Dilution and 
conditions 

Anti-CDKN2A Monoclonal  Mouse IgG 
Human colon 
tissue  

1:800  

overnight at 4C° 

Anti-TERT Polyclonal  Rabbit  IgG 
Human tonsil 
tissue  

1:100  

overnight at 4C° 

 
 
Secondary Antibodies: Secondary antibodies (goat anti-Rabbit and goat anti-

Mouse, Biotinylated IgG from Vector) were stored at 4°C and diluted in 2% blocking 

serum (diluted in PBS).  

Biotin/Avidin Peroxidase Kit: VECTASTAIN
® 

Elite ABC kit (Vector, UK) was stored 

at 4°C and used according to manufacturers’ instructions  

DAB substrate Kit: (Sigma-Aldrich, UK) was stored at 4°C. DAB solution was 

prepared by adding (2 drops of buffer + 4 drops of DAB + 2 drops of peroxide).    

DePex: DEPX mountan (Sigma-Aldrich, UK) preserves the stain stored at room 

temperature and used in a fume hood.  

 

2.3 METHODS 
All laboratory work was done according to health and safety regulations. All 

chemicals were used based on the Control of Substances Hazardous to Health 

(COSHH) guidelines.  

 

2.3.1 Routine tissue culture (Split/Subculture) 
 

All ConM cell lines were grown in T75 tissue culture flasks with RPMI-1640 

supplemented as described in table 2.1 and incubated at 37°C in a humidified 

atmosphere of 5% CO2. Flasks was checked regularly to keep cells growing and 

to prevent any contamination. All procedures for tissue culture were done in a 

laminar flow cabinet. When cells reached 70-80% confluence, they were passaged 

in order to maintain the culture.  
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Briefly, the old media in the flasks was discarded and then the cells were washed 

twice with 5ml of PBS. Cells were then incubated with 3ml of trypsin-EDTA solution 

at 37°C in a 5% CO2 incubator for 2 minutes to detach them from the surface of 

the flask. The flask was knocked gently and the detached cells were observed 

under the light microscope. Once detached, to inactivate the action of trypsin-

EDTA 5ml, of fresh RPMI-1640 medium was added to the flasks and the flask 

surface was washed several times pipetting up and down to re-suspend the cells. 

The suspension was then transferred into a 15ml falcon tube and centrifuged at 

1000rpm for 5 minutes. The supernatant was discarded and the cell pellet was re-

suspended in 10ml of fresh RPMI-1640 medium with good mixing by pipetting. At 

that time 1ml of the re-suspended cells was seeded in to new T75 tissue culture 

flasks containing 9ml of the RPMI-1640 medium and then incubated at 37°C in 5% 

CO2 to continue growth. 

 

2.3.2 Cytogenetic analysis (Karyotyping) 

 

2.3.2.1 Chromosome harvesting  

When cells reached 60-80% confluence, the media were changed with 10ml of 

fresh RPMI-1640 medium one day before harvesting. Prior to harvesting, 10 drops 

of colcemid were added to actively dividing cells for 4 hours at 37°C to arrest the 

cells at metaphase. The media was then transferred from the flask to a 15ml 

centrifuge tube to collect any cells attached in the media. Cells were then 

incubated with 5ml pre-warmed trypsin at 37°C for 2 minutes to detach them from 

the flask surface. Then 5ml of media was added to stop trypsinisation and the flask 

surface was washed to suspend the cells. Re-suspended cells were then 

transferred into a harvesting tube and centrifuged at 1000 rpm for 5 minutes to 

form a pellet. The supernatant was aspirated off carefully leaving 0.5ml containing 

the pellet before re-suspening the pellet by flicking the tube with fingertips. Then 

5ml of a pre-warmed hypotonic solution (0.075 KCL) was added slowly into the 

harvesting tube drop by drop whilst the tube was being agitated. The cells were 

incubated with KCL at 37°C for 30-40 minutes and then centrifuged at 1000 rpm 

for 10 minutes. The supernatant was aspirated off carefully leaving 0.5ml of it to 

re-suspend the pellet. 2ml of freshly prepared fixative (methanol: acetic acid, 3:1) 
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was added slowly to the cells whilst the cells were being agitated. The cells were 

then centrifuged at 1000 rpm for 10 minutes and the pellet re-suspended again in 

2ml of fixative and finally the harvesting tube was stored at -20°C. 

 

2.3.2.2 Preparation of chromosome spreads 

Slides were placed in Decon 90 detergent overnight. The following day the slides 

were washed separately under running hot and cold water, and the cleaned slides 

stored up to one week in distilled water in the fridge until use. Cell preparations 

were centrifuged at 1000 rpm for 10 minutes to form a pellet. The supernatant was 

aspirated off by a 150mm glass Pasteur pipette leaving 1 ml. The cells were then 

re-suspended through gently and 2 drops were added to each slide. Freshly 

prepared fixative (3:1 methanol: acetic acid) was dropped onto the slides (3-4 

drops) and the slides were labelled and left to dry. The slides were then examined 

for metaphase chromosomes under the inverted light microscope (X10 objective) 

and stored at room temperature.  A few drops of the fresh fixative were added to 

the remaining cells in the harvesting tube and the tube was re-stored at -20°C for 

future use. 

 

2.3.2.3 Giemsa staining/banding 

The slides were arranged along a slide bar over the sink, incubated with trypsin for 

35, 40 and 45 seconds (depending on metaphase spread quality) and then washed 

with Sorensen’s buffer. Each slide was covered with Leishman’s stain for 1.5 

minutes, and then washed with Gurr’s buffer over the slide. At that point, the slides 

were placed flat on a paper towel and blotted dry gently with blotting paper. The 

slides were then analysed under an Olympus® BH-2 light microscope attached to 

a software-controlled Cohu® high-performance Charge-Coupled Device camera 

(Applied Imaging®). The time for trypsin treatment and Giemsa staining varied 

according to the metaphase spread quality and experiments typically involved 

multiple attempts using increasing durations until staining was improved and clear 

banding patterns seen. Images were captured and the total number of 

chromosomes per metaphase was recorded from a minimum of 30 metaphase 

spreads. Chromosomal G-banding pattern analysis was carried out by an 

experienced Cytogeneticist, Dr Karen Sisley. 
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2.3.3 DNA extraction  
 
2.3.3.1 Isolation and purification DNA   

       

 2.3.3.1.1 Cell lines and fresh frozen tissue samples 

 

Cultured cells were dissociated with trypsin and centrifuged as described in section 

(2.2.1). Cells were then re-suspended in 200-300μl of PBS according to the size 

of the pellet and then transferred to a 1.5ml microfuge tube. 20μl of proteinase K 

and 200μl of Buffer AL were added, then mixed by vortexing and incubated at 56°C 

for 30 minutes until the mixture was completely lysed. After that, 200μl of (96-

100%) ethanol was added to each sample tube and mixed by vortexing. The 

mixture was transferred to the DNeasy mini spin column, placed in a 2ml collection 

tube and centrifuged at 8000 rpm for 1 minute, then the contents of the collection 

tube were discarded and the spin column was placed in a fresh collection tube. 

For fresh frozen tissue 10-20mg was transferred to a 1.5ml microfuge tube, 

Proteinase K (20μl) and Tissue Lysis Buffer ATL (180μl) were added to the tissue 

and mixed carefully by vortex. The tube was then incubated on a heat block at 

56oC for up to 24 hours and fresh Proteinase K was added every 6-8 hours until 

the tissue was completely dissolved. A mixture of Buffer AL (200μl) and absolute 

ethanol 200μl was then added to each sample tube, and the sample transferred to 

a labelled DNeasy® mini spin column.  

 
After these initial steps, two washing steps were carried out on all samples by 

adding 500μl of AW1 buffer followed by AW2 buffers respectively. Following the 

second wash step, spin columns were placed in a fresh, labelled 1.5ml microfuge 

tube and 200μl of elution buffer AE has added directly to the spin column and 

centrifuged at 8000 rpm for 1 minute to elute the DNA. 
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 2.3.3.1.2 Formalin-Fixed Paraffin-Embedding (FFPE) samples  
 

10μm thick sections were cut from formalin- fixed, paraffin-embedded tumour 

tissues. The sections were then de-paraffinized based on standard procedures. 

Briefly, the sections were placed in 1.5ml microfuge tubes and 1 ml of xylene was 

added. The supernatant was removed after full speed centrifugation for 1 minute 

and 1ml absolute ethanol (96-100%) was then added followed again by full 

centrifugation. The ethanol was removed and the tubes left open and incubated up 

to 37°C for 10 minute to allowed the ethanol to evaporate completely. Buffer ATL 

(180μl) and Proteinase K (20μl) were then added to the samples and incubated 

immediately on a heat block at 56oC for at least 1 hour, with a series of vortexing 

until the samples were completely lysed. Finally, samples were incubated at 90°C 

on a heat block to de-paraffinize the tissue.  

 

Samples were then allowed to cool to room temperature and RNase A (2μl) was 

added, briefly vortexed, then incubated at room temperature for 2 minutes. Buffer 

AL 200μl was then added to tube with quick vortexing then (200μl) absolute ethanol 

was added and its contents transferred to labelled DNeasy® mini spin columns 

and centrifuged at 6,000 × g for 1 minute. Subsequent most steps were followed 

as previously described in section 2.3.3.1.1. To elute the DNA 50μl pre-warmed 

1´TE was added directly onto column and then incubated for 15-20 minutes at 

room temperature followed by centrifugation at 21,000 × g for 1 minute. Samples 

were added to the same spin column and then incubated 15 minutes again, and 

finally centrifuged at maximum speed for 1 minute. This double elution step 

generally increased the yield of DNA from these samples. 

 

2.3.3.2 Genomic DNA quantification and purity assessment 

 

All DNA samples were measured to assess the concentration of DNA. This was 

done by using the NanoDrop® ND-1000 (Thermo Fisher Scientific, Wilmington, 

USA). The concentration of the DNA was quantified in ng/μl, the absorbance 

measurements used to measure different molecules at specific wavelengths and 

the nucleic acids were found to have absorbance at 260nm. The purity of the DNA 
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was evaluated by the ratio of absorbance at 260/280 which indicates the absence 

of protein contamination whereas the ratio of A260/230 was used to measure DNA 

purity to measure the contamination with other organic compounds such as EDTA, 

carbohydrates and phenol that are usually absorbed at 230nm. 

 

The surface of the optical lens of the NanoDrop® instrument was wiped with lint-

free wipes and 1.5μl of nuclease-free water was loaded on to the instrument for 

initialization. The same volume of elution buffer (AE) was loaded as blank for short-

term culture and fresh frozen tissue samples whereas FFPE samples were 

blanked with 1´TE. 1.5μl of each DNA samples were then loaded and measured 

with good cleaning of the optical surface between samples. DNA purity was 

measured from the value of A260/280 and A260/230 and was suitable for analysis 

within the acceptable ratio (at least greater than 1.8 and 2, respectively).     

 

 
2.3.4 GenomePlex Whole Genome Amplification (WGA) 
 
The WGA process is divided into three steps: fragmentation, OmniPlex library 

generation, and PCR amplification. The first two steps, fragmentation and library 

generation, were carried out sequentially, as the ends of the library DNA can 

degrade thus affecting subsequent steps. OmniPlex library DNA, was generated 

in the stepped isothermal reactions, which can be stored up to three days at -20 

°C without detectable differences in the process. The final WGA DNA was then 

stored at -20 °C. The starting amount of DNA is critical.   One ng of human genomic 

DNA affords product with gene representation that varies 2-10-fold from the 

original material, while product yield is only ~50% lower. Less complex genomes 

such as bacterial DNA can give good representation with as little as 1 ng of input 

DNA.  GenomePlex can be used on archival fixed tissue DNA or degraded 

samples provided that the extracted DNA is 200bp or greater in size.     
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 2.3.4.1 Fragmentation 

 

1 µl of 10x Fragmentation Buffer was added to 10 µl of DNA (1 ng/µl) sample in a 

PCR tube. After that, the tube was placed in a thermal block or cycler at 95°C for 

4 minutes. The sample immediately cool down on ice, and then centrifuge briefly 

to consolidate the contents. 

 

2.3.4.2 Library Preparation  

 

2 µl of 1x Library Preparation Buffer was added to each sample and 1 µl of Library 

Stabilization Solution was also added to the PCR tube.  The contents were vortex 

thoroughly by centrifugation, and placed in thermal cycler at 95 °C for 2 minutes. 

After that, the samples cool on ice and 1 µl of Library Preparation Enzyme was 

added then the sample was placed in a thermal cycler and incubate as follows:16, 

24 and 37 °C for 20 minutes respectively and 75 °C for 5 minutes. 

 

2.3.4.3 Amplification 

 

The master mix was prepared by adding the following reagents to the 15 µl reaction  

 7.5 µl of 10x Amplification Master Mix 47.5 µl of Water and 5 µl of WGA DNA 

Polymerase. The contents were centrifuge briefly and then placed in a 

thermocycler for nearly 1 hour and half. After cycling is complete, the reactions 

were maintained at 4 °C or store at –20 °C until ready for analysis or purification. 

The stability of WGA DNA is equivalent to genomic DNA stored under the same 

conditions. Finally, GenomePlex WGA amplified DNA was then purified with PCR 

Cleanup Kit or standard purification methods that isolate single and double 

stranded DNAs. Once purified, the DNA can be quantified by measuring 

absorbance, assuming that one A260 unit is equivalent to 50 ng/µl DNA.   
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2.3.5 Array-based Comparative Genomic Hybridisation (Array-CGH) 
  
Array CGH concept         
This recent molecular technique is used to study whole genomic DNA (gDNA) to 

detect copy number variation. The gDNA isolated from tumour samples and 

commercial DNA were labelled with two different fluorescent dyes, Cyanine 5 and 

Cyanine 3, and hybridised to a microarray slide with specific genomic probes used 

to target regions of interest, including known oncogenes. The array was then 

washed and scanned. The differential intensity of the fluorescent dyes at each 

probe serves as a surrogate for the ratio of copy numbers of the probe sequence 

in the tumour compared to the reference genome. The red spots specify a 

duplicate region in the genome of the patient’s DNA whereas the green spots 

specify the missing DNA in the patient’s genome compared to the reference 

genome (Commercial DNA) consequently, chromosomal aberration is shown as 

amplification and deletion. Figure 2.1 shows schematically the main steps of this 

method.  

 

 

Figure 2.1: Schematic diagram of the array-based comparative genomic 

hybridization. Adapted from www.diagenos.com/analysen/acgh Accessed on 

11/3/2015. 
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2.3.5.1 Fresh Frozen Tissue and Short Term-culture 

 

2.3.4.1.1 DNA digestions  

Before starting, a gDNA input of 0.5-1μg per sample was required and the DNA 

digestion for both the test sample and the control was carried out by adding two 

restriction enzymes, Alu-I and Ras-I, to digest the DNA into smaller strands of 

random size. A digestion master mix was prepared as shown in table 2.6. 5.8μl of 

which was added to each tube containing 20.2μl of gDNA to make a total volume 

of 26μl. 

 

Table 2.6: Digestion Master mix components. 

Components            Per tube (μl) For 8 tubes (μl) 

Nuclease-free Water   

10X buffer   

Acetylated BSA (10μg/μl)   

Alu-1 (10μg/μl)   

Rsa-1 (10μg/μl)    

                  2.0 

                  2.6 

                  0.2 

                  0.5 

                  0.5 

         18 

         23.4 

         1.8 

         4.5 

         4.5 

     Total                    5.8          52.2 

 

Tubes were then transferred to a thermocycler with the heated lid programmed for 

incubation at 37°C for two hours, followed by incubation at 65°C for 20 minutes 

and the samples held at 4°C. The digested DNA was then kept overnight at -20°C. 

 

2.3.5.1.2 DNA labelling and cleaning  

The digested gDNA was labelled with Cy5 and Cy3 by using Agilent’s labelling kit. 

Firstly, 5μl of random primers were added to each reaction tube, the DNA was 

denatured and the primers were annealed at 95°C for 3 minutes. A total of 19μl of 

labelling master mix was made of the components illustrated in table 2.7 with 3μl 

of Cy3-dUTP (1.0mM) being added to each control sample and a similar labelling 

master mix with 3μl of Cy5-dUTP (1.0mM) being added to each tumour sample; 

reaction tubes were then transferred to the thermal cycler and incubated for 2 

hours at 37°C, then at 65°C for 10 minutes, and samples held at 4°C.  
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Table 2.7: Labelling Master Mix components. 

Components            Per tube (μl)  For 4 tubes (μl) 

5X buffer 10.0 50 

10X dNTP 5.0 25 

Cy3-dUTP or Cy5-dUTP   

Exo-klenow fragment 

10.0 

5.0 

3.0 

1.0 

50 

25 

15 

 5 

     Total                 19.0            95 

 

 

The labelled gDNA was purified by two washing steps using Amicon 30kDA filters 

and washed by adding 1X TE buffer and centrifuged at 14,000 x g for 10 minutes 

at room temperature. The total mixture volume of each sample was measured after 

purification, and the clean labelled gDNA was quantified with the Cy3 and Cy5 

concentration using the NanoDrop® with TE buffer as a blank. The values were 

then used to determine the yield of gDNA and the specific activity of the labelled 

DNA. The calculation methods for these parameters are shown below. Samples 

were stored at -20°C in the dark, until further processing. 

 

 !"# $%#&'('& )&*'+'*" (%,-.⁄/0) =    340 X   123 4564367897:56 (;<5=⁄ μ>) 
                                                                            1?@ 4564367897:56 (μA⁄μ>) 

						 
						 

 !C) D'#.E = 1?@ 4564367897:56 (FA⁄F=) × G5=H<3 (F=) 
 
   

  2.3.5.1.3 Microarray hybridization and assembly 

The labelled gDNA (19.5μl) of each test sample and reference were mixed together 

in a microfuge tube. The component of the hybridization master mix as illustrated 

below in table 2.8 were then added to each sample.  
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Table 2.8: Hybridization master mix components. 

Components            Per tube (μl)  For 4 tubes (μl) 

 Human COT-1 DNA  

10X Blocking Agent  

2X Hybridisation Buffer 

                5 

                 11 

                55 

 25 

 55 

 275 

 

     Total                  71            355 

  

The reaction tubes were transferred to the thermocycler for 3 minutes at 95°C 

followed by 30 minutes at 37°C. After that, 100μl of the mixture was added to a 

gasket slide and sandwiched with the active side of the Agilent microarray slide in 

a clamped hybridisation chamber. The assembled slide chamber was then placed 

into the rotator rack in a hybridisation oven set to 65°C at 18 rpm, and samples 

hybridized for 24 hours. 

 

2.3.5.2 FFPE Labelling using the Universal Linkage System (ULS) 

The Universal Linkage System (ULS) is a chemical reaction that directly 

incorporates platinum-conjugated fluorescent dyes into DNA molecules. Optimized 

for use in FFPE DNA, it was used here to label FFPE tumour samples and matched 

normal DNA for array CGH. The initial amounts of tumour DNA ranged between 

0.5 and 1μg (usually 0.8μg), depending on the amount of DNA available and this 

was matched with equivalent amounts of normal DNA. If gDNA concentration was 

less than the amount required, the sample was concentrated by using Speed Vac 

concentrator (Eppendorf®, UK). 

 

2.3.5.2.1 Heat Fragmentation  

Heat fragmentation was required especially for large DNA fragments such as the 

commercial reference DNA prior to labelling. The volume of 8μl commercial DNA 

sample was placed in a 0.2ml PCR tube and then incubated at 95°C in a 

thermocycler with a heated lid, for 10 minutes’ dependent on the average of gDNA 

molecular weight approximately >10.0 Kb. The reaction tubes were transferred to 

ice for 3 minutes, centrifuged for 30 second at 6,000´ g and subsequently returned 

to ice until ready for labelling.  
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2.3.5.2.2 ULS Labelling Reaction  

ULS-Cy3 and ULS-Cy5 dye master mixes were prepared by mixing the 

components listed in table 2.9 below in dim conditions because the dyes are light 

sensitive. The volume of dye used per reaction is dependent on the amount of 

DNA in the reaction. For most experiments, 1μl dye and 0.8μg of DNA, 

corresponding to a ratio of 1.25μl/μg was used.  

 

Table 2.9: ULS Labelling Master Mix Components.  

Components            Per tube (μl)  For 4 tubes (μl) 

10X Labelling solution    

 

ULS-Cy3 or ULS-Cy5 

1.0 

 

1.0 

 

 4.0 

 

4.0 

     Total                    2.0            8.0 

 

Dye master mix (2μl) was added to each tube to make the reaction volume up to 

10μl and mixed gently by pipetting up and down. The tubes were then transferred 

to a thermocycler with a heated lid and incubated at 85°C for 30 minutes and held 

at 4°C or on ice for 3 minutes followed by centrifugation for 1 minute at 6,000´ g. 

10μl of nuclease-free water was added to reaction tube to make the volume up to 

20μl for each sample. 

 

2.3.5.2.3 ULS Clean-up  

Non-reacted ULS-Cy3/ULS-Cy5 can lead to increase background noise therefore 

KREA pure columns were used to remove unreacted dye. One Agilent KREA pure 

filter per reaction was re-suspend briefly by vortex, then placed in a collection tube 

and centrifuged at maximum speed for 1 minute at room temperature. The cap and 

the flow-through was discarded then 300μl of nuclease-free water was added to 

each filter and centrifuged again for 1 minute at full speed. The collection tubes 

with the flow-through were discarded again. The column was then transferred to 

clean, labelled 1.5ml microfuge tube. The total volume 20μl reaction was then 

transferred to a KREA pure filter and centrifuged at 16, 000 × g for 1 minute at 

room temperature. The purified labelled gDNA collected in the microfuge tube was 
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stored at 4 °C in the dark until required.  

The clean ULS labelled gDNA was then quantified with the Cy3 and Cy5 

concentration by using the NanoDrop® as previously described. 1´ labelling 

solution (diluted 1:10) was used as the blank. If the labelling of the ULS-Cy5 and 

ULS-Cy3 samples were good, 18.5μl for each ULS labelling were combined to 

make a volume of 37μl. This volume was then reduced to 22μl by speed vacuum 

centrifugation and stored in the dark until ready for hybridization. 

 

2.3.5.2.4 Hybridization  

Combined matched samples were transferred to labelled 0.2ml PCR tubes and 

61μl of a hybridization master mix prepared as shown in table 2.10 below was 

added to each sample making the total volume up to 83μl.   

 

Table 2.10: Hybridization master mix components 

Components           Per tube (μl)  For 5 tubes (μl) 

Human COT-1 DNA Agilent 

100X Blocking Agent 

Agilent 2X Hi-RPM Buffer  

5 

1.0 

55 

 25 

 5 

 275 

 

     Total                   61            305 

 

The sample was mixed by pipetting up and down and briefly centrifuged to drive 

the contents to the bottom of the tube. Samples were then placed in a thermocycler 

for incubation at 95°C for 3 minutes, followed by 37°C for 30 minutes. 27μl of 

Agilent CGH-block was then added to bring the total reaction volume up to 110μl 

and mixed well by pipetting up and down.  

 

2.3.5.2.5 Microarray washing and scanning 

Oligo array-CGH wash buffer 2 was pre-warmed to 37°C overnight for optimal 

performance. In Oligo array-CGH wash buffer 1, the array-gasket sandwich was 

detached to obtain the array slide after being removed from the hybridization oven. 

The array slide was placed in the slide wash buffer 1 for 5 minutes at room 

temperature with gentle agitation. It was then placed in wash buffer 2 at 37°C for 
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1 minute, and then removed slowly to reduce droplets on the slide. The microarray 

slide was then scanned directly using an Agilent DNA Microarray scanner with 

sure-scan high-resolution technology and Agilent scanner control software 

(version 8.5.1), at 3μm resolution. To prepare the data for analysis the data were 

extracted from raw microarray image files using Agilent’s Feature Extraction 

software (version 11.0.1.1). Data analysis started with image processing quality 

control and measuring the background intensity level of the array. The quality of 

the array was determined by the distance of the neighbouring probe variance 

measure and the FE software measured the DLRS (Derivative Log2 Ratio spread). 

This is the standard deviation of the log ratio difference between consecutive 

probes, from which the measure of noise was estimated. The data were then 

normalised by setting the fluorescent mean log ratio to zero, and the copy number 

variation was then calculated. 

 

 2.3.5.2.6 Microarray analysis 

 Agilent Genomic Workbench (version 7.0.4.0) software was obtained from 

http://www.genomics.agilent.com and used for examines, visualise and identify 

any chromosomal changes from the microarray profiles. This software used a 

design file matched to the feature extraction files consequently, Agilent GEML-

based (*.xml) array design files were inserted prior to use any FE data. Agilent 

Feature Extraction (*.Txt) data files in each experiment were then inserted to the 

software and a new experiment generated for the FE files. After that, the 

centralization algorithm was used to center the log ratio and the Quality Contol of 

metric threshold in the original data were evaluated (Table 2.11). The data were 

examined by using the Aberration Detection Method (ADM-2) algorithm with the 

threshold adjusted to 6 and then the genomic, genes and chromosomes viewer 

were used to assess this data along with chromosome ideograms. 
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Table 2.11: Quality Control of metric thresholds for Array-CGH experiments.  

 

 

 

2.3.6 Aberration Detection Analysis   

 

 2.3.6.1 Agilent genomic software analysis 

Once the array-CGH technique had been carried out, the data was analysed using 

Agilent genomic software. Based on the normalised log2 ratios, a quantitative 

study of the CNAs was derivative for each tumour samples. Specifically, the 

aberration detection module (ADM-2) algorithm 2.0 was used, with a threshold 

adjusted to 6.0. The feature extraction software helped to calculate the log2 ratio, 

which detects the copy number differences between the reference and the test 

sample. Then the deletions and amplifications in the genomic region were 

measured as a ratio that is plotted against the genomic location. A normalisation 

algorithm is then used to compare and normalise the data processing. The 

fluorescence ratio for each array is standardized around zero by identifying a 

steady value to add to, or subtract from, all values on the array; the algorithm then 

adjusts the ratio values (log2). After that, the result was authorized as follows; log2 

ratio >0.6 was measured to represent amplification and is displayed in red, a log2 

ration ≤–1.0 is measured to represent deletion and is displayed in green whereas 

the black dots signify the normalised value everywhere around the zero which is 

between 0.6 and -1.0.   
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2.3.6.2 Nexus software  

In this study, we also used the Fast-Adaptive States Segmentation Technique 2 

(FASST2) algorithm as applied in Nexus Copy Number Software v8.0 

(Biodiscovery), to detect genomic copy number aberrations for each individual 

array, and thus confirm the results of the aberrations that were determined through 

the Agilent software. This algorithm uses a Hidden Markov Model (HMM), which 

instead of assessing the copy number state at each probe, uses many states to 

cover extra options, such as mosaic events (these involve cancer data, which can 

often enclose significant mosaicism and normal cell contamination). Then the state 

values used to make calls depend on a special log2 ratio threshold. Log2 ratio 

threshold values of +0.20 and -0.23 were used to detect a single copy number gain 

and loss, individually, while the two or more copies of gains and losses were 

identified by using a log2 ratio threshold between +1.14 and -1.1, respectively. The 

p-value threshold for significance was set at 5.0 × 10-6 and requiring three 

contiguous probes for aberration calls. All threshold values were based on 

software manufacturer’s recommendations. Aberrations were then presented as 

ideograms and can be observed at the whole genome level, or at chromosomal 

and single gene levels, to best visual analysis.  

 

2.3.7 Genomic DNA sequencing  
 
2.3.7.1 Standard PCR 

PCR is a technique used to amplify a DNA fragment based on three steps: a 

denaturation step, where the double stranded DNA is separated by a high 

temperature over 90°C; an annealing step, where specific primers bind to the 

target DNA; and a primer extension step, where the Taq polymerase enzyme 

produces new double stranded DNA. This process is repeated over several cycles 

until a sufficient quantity of DNA is reached, master mix for standard PCR for each 

gene tested as shown in table 2.12 were prepared at different room, using filter 

tips (Eppendorf® Pipette Tips) with clean pipettes. The Master mix of PCR reaction 

was then mad up in a clean PCR hood. The PCR reactions tubes were then 

transferred to the thermocycler adopted based on PCR condition for each gene as 

elucidated in table 2.13. 
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Table 2.12: A master mix PCR components for each of the genes tested., 
 

   BRAF exon 11                                                                                       

 
  BRAF V600E                                                               TERT promoter   

 
    GNAQ 209                                                              GNA11 Q209 

 
NRAS 61                                                                     NRAS 12-13 
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Table 2.13: Thermocycler PCR conditions based on each gene tested. 

 

A. Standard PCR for 
 

BRAF 11 first run Cycle Time   Temperature  
Initial Denaturation    1 02 min 95 C° 

Denaturation 22 30 sec 95 C° 

Annealing   30 sec 58C° 

Elongation   30 sec 72 C° 

Final elongation   05 min 72 C° 

Hold on 4       

 
 

BRAF 11 second run Cycle Time   Temperature  
Initial Denaturation 1 02 min 95 C° 

Denaturation 35 30 sec 95 C° 

Annealing   30 sec 58 C° 

Elongation   30 sec 72 C° 

Final elongation   05 min 72 C° 

Hold on 4       

 
 

GNAQ 209 Cycle Time   Temperature  
Initial Denaturation 1 10 min 95 C° 

Denaturation 30 30 sec 95 C° 

Annealing   30 sec 60 C° 

Elongation   90 sec 72 C° 

Hold on 4       

 
 

NRAS -12 Cycle Time   Temperature  
Initial Denaturation 1 10 min 95 C° 

Denaturation 35 30 sec 95 C° 

Annealing   60 sec 53 C° 

Elongation   60 sec 72 C° 

Hold on 4       
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B. Touchdown PCR for  
 
 

BRAF V600E Cycle Time   Temperature  
Initial Denaturation 1 10 min 95 C° 

Denaturation 3 30 sec 95 C° 

Annealing  30 sec 60 C° 

Elongation   60 sec 72 C° 

Denaturation 3 30 sec 95 C° 

Annealing  30 sec 58 C° 

Elongation   60 sec 72 C° 

Denaturation 3 30 sec 95 C° 

Annealing  30 sec 56 C° 

Elongation   60 sec 72 C° 

Denaturation 30 30 sec 95 C° 

Annealing   60 sec 54 C°  

Elongation   60 sec 72 C° 

Hold on 4       

 
 
 

GNA11 209 Cycle Time   Temperature  
Initial Denaturation 1 10 min 95 C° 

Denaturation 3 30 sec 95 C° 

Annealing  30 sec 62 C° 

Elongation  60 sec 72 C° 

Denaturation 3 30 sec 95 C° 

Annealing   30 sec 59 C°  

Elongation   60 sec 72 C° 

Denaturation 3 30 sec 95 C° 

Annealing   30 sec 56 C°  

Elongation   60 sec 72 C° 

Denaturation 30 30 sec 95 C° 

Annealing   30 sec 53 C°  

Elongation   60 sec 72 C° 

Hold on 4       
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NRAS-61 Cycle Time   Temperature  
Initial Denaturation 1 10 min 95 C° 

Denaturation 3 30 sec 95 C° 

Annealing  30 sec 62 C° 

Elongation   60 sec 72 C° 

Denaturation 3 30 sec 95 C° 

Annealing  30 sec 60 C° 

Elongation   60 sec 72 C° 

Denaturation 3 30 sec 95 C° 

Annealing  30 sec 58 C° 

Elongation   60 sec 72 C° 

Denaturation 18 30 sec 95 C° 

Annealing   30 sec 53 C°  

Elongation   60 sec 72 C° 

Hold on 4       

 
 
 

TERTp Cycle Time   Temperature  
Initial Denaturation 1 10 min 95 C° 

Denaturation 10 30 sec 95 C° 

Annealing   30 sec 61 C°  

Elongation   90 sec 72 C° 

Denaturation 30 30 sec 95 C° 

Annealing   30 sec 56 C°  

Elongation   90 sec 72 C° 

Final elongation   05 min 72 C° 

Hold on 4       

 

 

2.3.7.2 Agarose gel electrophoresis  

A 1.8% agarose gel was prepared by dissolving 2.7g of agarose powder in 150 ml 

of 1x TAE buffer in a conical flask. The mixture was then heated for 3 minutes in a 

microwave at high power until the agarose had completely dissolved. The solution 

was cooled to hand heat and 12μl of ethidium bromide was added. The gel was 

poured into the gel tray with the comb and left to solidify. Tape from around the 

edges was removed and the gel tray was placed in the tank containing 1XTAE 

buffer. 5μl of the sample mixed with 1μl of 6X loading dye were pipetted into the 

wells. Also, 5μl of 1Kb DNA ladder standard size marker was loaded into the well 
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to determine the actual size of the PCR product.  A power of 100 volts was applied 

for 45 minutes then the PCR amplified products were visualised using a UV trans-

illuminator and photographed.   

 

2.3.7.3 DNA purification and sequencing 

The DNA sequencing of purified samples was achieved to identify any sequence 

variation by sending 10μl of each template with 1:100 dilute primers mentioned 

earlies to the core sequencing facility used at University of Sheffield, Medical 

School UK which carried out the DNA purification and sequencing for all samples. 

 

2.3.7.4 Sequence analysis  

The Finch TV sequence analysis software (Geospiza) was used to visualize the 

generated sequencing data. The sequences were screened for any point of 

mutation or mismatch compared with reference sequences for those genes BRAF, 

GNAQ, GNA11, NRAS and TERTp. 

 

2.3.8 Fluorescence in situ Hybridization (FISH)  
 

FISH is a cytogenetic technique used to localize the presence or absence of 

specific DNA sequences on chromosomes (metaphase chromosomes or 

interphase nuclei). 

 

2.3.8.1 Cell harvesting and slide preparation. 

 

ConM Mel 621 and 635 cells lines were harvested as described in section 2.3.2.1 

and stored at -20ºC. After that, slides with metaphase spreads were prepared as 

described in section 2.3.2.2 and stored at-20ºC until required. 

 

2.3.8.2 RNase A and pepsin treatment 

 

RNase A solution was prepared by adding 25µl of RNase A to 5ml of 2XSSC; 125µl 

of the mixture was then added onto 20x50mm coverslips. The coverslips were 

fixed on prepared slides with metaphase spreads and then incubated in a moist 

chamber for 1 hour at 37ºC. During incubation, a Coplin jar with 50ml of 0.01M 
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HCL was warmed in a 37ºC waterbath. After that, the coverslips were removed 

and the slides were washed in 2XSSC on the shaker for 5 minute three times. 

During the last 2XSSC wash, 25µl of pepsin was added to the warmed 0.01 MHCL. 

The slides were then incubated in pepsin solution at 37ºC for 10 minutes; then the 

slides were washed twice in PBS on the shaker for 5 minutes. The slides were 

further washed for 5 minutes in 50ml 1M MgCl2 +950ml PBS. 

 

2.3.8.3 Fixative and dehydration of slides 

 

The slides were fixed in freshly prepared fixative (1.35ml 37% Formaldehyde in 

50ml 1xPBS +50mM MgCl2) for 10 minutes. After that, the slides were washed in 

PBS on the shaker for 5 minutes and then the slides were dehydrated in a series 

of ethanol dilutions 70%, 95% and 100% for 3 minutes each, and the slides left to 

air dry.  

 

2.3.8.4   Hybridization of the DNA probes to target DNA   

 

A DNA probe mastermix was prepared for 5 slides by adding 12µl of ddH2O + 35 

µl of hybridisation mix + 1.5 µl of 3 α satellite direct labelled orange + 1.5 µl of 8 α 

satellite direct labelled green. Probes were applied onto 22x22mm coverslips 

(10µl/coverslip) and applied to the slides. The coverslips were then sealed with 

rubber solution and allowed to dry. Target DNA and DNA probes were 

simultaneously denaturated by placing slides on a hot block at 80ºC for 1 minute. 

The DNA probes were then hybridized with the target DNA by placing the slides in 

a humidified chamber and incubated at 37ºC for up to 18 hours. 

 

2.3.8.5 Post-hybridization washes  

 

The slides were washed first in SSCT1 (see materials for details) warmed up to 

73ºC in the water bath for 2 minutes, and then washed in another Coplin jar 

containing SSCT2 on the shaker for 1 minute at room temperature. After that, the 

slides were dehydrated through a series of ethanol dilutions (70%, 95% and 100%) 

for 3 minutes each and left to air dry in a covered box. DAPI was applied in 2 drops 

onto 22x50mm Nº 1 coverslips and applied to the slides. The edges were sealed 
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with clear nail varnish and left to air dry. Finally, the slides were dated and stored 

in the dark at 4ºC for at least 2 hours until viewing. 

 

2.3.8.6 Image detection by fluorescence microscopy 

 

The slides were analysed and images captured with an Olympus BX 50 

microscope (X100 magnification) using Applied Imaging® software. Chromosome 

8 centromere and chromosome 3 centromeres were detected as green and orange 

signals respectively in each cell. The number of signals per cell was visually scored 

in 300 non-overlapping cells.  

 

2.3.9 Immunohistochemistry (IHC)    
 

5μm sections were collected onto slides and left it to dry overnight in an oven at 

37C°, IHC was achieved using a modified Avidin- Biotin-Peroxidase Complex 

(ABC) Kit (Vector Laboratories, Peterborough, UK) and as designated by Hsu et 

al. (1981), at the histopathology with the help of Mrs. Maggie Glover.   

   

  2.3.9.1 Antibody optimisation  

 

The antibodies used in this study were optimized according to manufacturer’s 

instructions with a range of antibody concentration. Dr. Hardeep, Dr. Karen Sisley, 

Mrs. Maggie Glover and Shamsa Ihmed were independent observers to assess 

the specific antibody staining and recognized the optimal antibody conditions to 

carry out this IHC.   

 

  2.3.9.2 Tissue Preparation and Antigen Retrieval for IHC  

 

Tissue sections were dewaxed in 2 x Xylene for 10 minutes each, the tissues were 

then dehydrated through an ethanol series: 100%, 95% and 70% for 5 minutes 

each. The sections were then placed in 3% of H2O2/methanol for 30 min at room 

temperature to quench any endogenous peroxidase activity and subsequently 

washed under running tap water for 5 minutes. The sections were then, placed in 
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bleach (PBS/H2O2) at room temperature overnight. Antigen retrieval treatment was 

an important stage for the preparation of FFPE section for staining, and it was done 

by dipping the tissue section in Target Retrieval Solution (1:10), to isolate the 

protein cross- link clusters formed from formalin particles on the tissue’s antigen 

binding sites and then incubate the tissue section in a pressure cooker for 2 hours. 

The solutions were allowed to cool down and the section was rinsed in ddH2o 

twice for 3 minutes, followed by two subsequent PBS washing for 3 minutes.   

  2.3.9.3 Blocking and Primary Antibody Incubation  

 

The relevant area of tissue sections on the slide was outlined, by using a wax pen 

and afterward appropriate 10% blocking serum (goat serum/casein) was applied 

and incubated at room temperature for 30 minutes, to block the non-specific 

background staining. The blocking serum was then tapped off and the primary 

antibody (diluted in 2% blocking serum) was added to the test and positive control 

slides. To the negative control slide 2% blocking serum (without antibody) was 

applied. Slides were then incubated overnight at 4°C.  

 

  2.3.9.4 Secondary Antibody Incubation and Immunoreactivity  

 

Slides were rinsed and washed twice in PBS for 5 minutes each and suitable 

secondary antibodies (diluted in 2% blocking serum) were applied on all slides and 

incubated for 1 hour at room temperature. ABC reagent was prepared during the 

secondary antibody incubation. Subsequently, the slides were washed in two baths 

of PBST for 5 minutes each and ABC reagent applied, and incubated for 30 

minutes. After that, the slides were washed with PBST twice for 5 minutes each 

and then peroxidase substrate solution (DAB) was freshly prepared and applied to 

the slide. After incubation at room temperature for 5 minutes until the desired 

brown stain intensity developed (up to 10 minutes), the sections were washed with 

ddH2o to stop the reaction.    
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  2.3.9.5 Counterstaining and Mounting  

 

The slides were washed under running tap water for 5 minutes and counterstained 

for 1 minute in Gill’s haematoxylin, and then washed with running tap water for a 

further 5 minutes until the water ran clear. The sections were then dehydrated 

through a series of ethanol for 3 minutes each (70%, 90, 95%, 100%) and then in 

a fume hood the slides were given two following incubations in xylene for 5 minutes 

each. Whereas still wet with xylene, the sections were then mounted with DPX, 

covered with 22 × 32mm coverslips and permitted to dry overnight. The slides were 

then scanned by a panoramic digital slide scanner (3D HISTECH, Ltd, UK), and 

Images were captured from a Qupath viewer at the appropriate magnification 

(X200-X400).  
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Characterisation of Conjunctival   

Melanoma Short-term Cultures 
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  3.1 Introduction                                                               

 

Ocular melanomas generally arise from two types, uveal or conjunctival 

melanoma, which both have different genetic and molecular backgrounds. The 

function and alterations in the growth of uveal melanocytes have been widely 

studied and new treatment pathways discovered due to establishment of cell lines 

(Amaro et al., 2013, Angi et al., 2015, Shoushtari and Carvajal, 2016). In contrast, 

there is little or no information about conjunctival melanoma cells in vitro, because 

the tumour is rare and hard to culture, and therefore there has been very little 

success in profiling a cell line. Tumour cell lines based on tissue type or gene 

mutation are important to create strong platforms for researchers to understand 

cancer. The establishment of uncontaminated cell lines of conjunctival 

melanocytes would be highly beneficial to study the cell biology of conjunctival 

melanocytes and the pathogenesis of ConM. The first ConM cell line, IP 292 was 

described by Aubert et al. (1993) and later Nareyeck et al. (2005) developed 

another two ConM cell lines (CRMM1 and CRMM2), the morphology of which both 

displayed spindle cells, with the IHC showing a high expression of tumour marker 

HMB-45 (Nareyeck et al., 2005).  Both cell lines were also shown to have either 

BRAF (CRMM1, CRMM2) or NRAS (CRMM2) mutations (Nareyeck et al., 2005). 

Karyotyping was the first method used to study the structural and numerical 

aberrations of chromosomes in tumour cell lines (Roylance, 2002). It detects uses 

chromosome specific banding patterns, such as C and G, along the length of each 

chromosome (Langer et al., 2004) to detect changes to chromosome structure 

including chromosomal deletions and translocations, whilst numerical changes 

detect aneuploidy, a change in the number of chromosomes (gain or loss) during 

cell division, or polyploidy, an increase in the number of chromosome by an exact 

multiple of the haploid number (Kirsch-Volders et al., 2002). This serves to give 

greater information on any genetic aberrations in the cell lines. Keijser et al. (2007) 

analysed a ConM cell line, CM2005 and found a very complex karyogram with 

gains, deletions and rearrangements of almost all chromosomes (Keijser et al., 

2007). A literature search, at the start of this study revealed no array-CGH data for 

conjunctival melanoma cells lines. The aim of this study was therefore to perform 

tests on two short-term cultures Mel 621 and Mel 635 to characterize them 
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morphologically and to study their molecular and genetic profiles to help confirm 

that the conjunctival melanoma cells have a correlating morphology with the 

previous established ConM.      
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3.2 Results 
 

A small number of ConM samples had been collected prospectively either stored 

as frozen samples or in the cases of Mel 621 and 635 were grown as short-term 

cultures for study. These samples were maintained in cell cultures and, once they 

reached 80-90% confluence, a number of methods were used to detect their 

genetic and phenotypic characteristics. The findings were compared to other types 

of melanoma such as UM and CM. Cultures were grown for as long as possible 

and frozen down at intervals at early passages. This chapter presents the results 

of the attempts to achieve ConM culture cell lines. 

 

3.2.1 Characterisation of Cells in Culture 

 

Both Mel 621 and Mel 635 were initially established in culture by members of the 

Rare tumour research team and stored frozen prior to start of this study. Ocular 

melanoma usually presents in culture with a range of different morphologies. The 

morphology of UM is characterized as; spindle, epithelioid and mixed cells. Spindle 

cells are long and narrow with large nuclei and nucleoli (McLean et al., 1978), 

whereas epithelioid cells are larger, with an eosinophilic cytoplasm, and can be 

poorly cohesive (Figure 3.1).  

 

 
 
Figure 3.1: Illustrating a sample of UM (Mel 585) cells in culture at passage 18. Image 

captured at x40 magnification showing a mixed cell type. Kindly provided by N. 

Alshammari.   
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For the ConM samples, initial outgrowth had proliferating spindle-shaped cells 

growing outwards from an adherent piece of tissue, as presented in figure 3.2.  

                         

                                        

Figure 3.2: An example of early culture of primary tumour showing proliferating spindle-

shaped cells growing radially outwards from an adherent piece of tissue.   kindly provided 

by Dr. A. Salawu.  

 

Subsequent passages produced cultures in which the cells in ConM were mainly 

spindle. The spindle cells presented with cytoplasmic processes and some cells 

showed a marked dendritic shape with nuclei that were round and prominent after 

spreading. After continued maintenance in culture both Mel 621 and Mel 635 

retained and shared the same characteristics, i.e. the spindle shape, (Figures 3.3). 
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Figure 3.3: Showing growth of Mel 621 cells in culture at passage11. A) Image 

captured at 100X magnification showing the pattern of growth in loose colonies. B) Image 

captured at 100X magnification showing that most cells are spindle shaped. 

 

The short-term culture of both ConM developed evidence for a lack of contact 

inhibition and the ability to form multiple layers if left to grow for long enough 

(Figure 3.4A). These findings were similarly found in some studies that have 

successfully cultured ocular melanoma cell lines (Hu et al., 2008, Diebold et al., 

2009). 

 

A 

B 
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Figure 3.4: Illustrating growth of Mel 635 cells lines at passage 8. A) Image captured 

at x40 magnification, the arrow shows areas of growth with loss of contact inhibition. B) 

Image captured at x100 magnification showing that most cells have a spindle-shaped 

morphology. 

 

 

 

 

 

 

B 
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3.2.2 Genetic Characterisations 
     

  3.2.2.1 Karyotyping 

While cytogenetic analysis (karyotyping) has always been the starting point for 

identifying chromosomal abnormalities, it can be a problematic technique. Several 

attempts were made at harvesting and chromosome banding, and karyotype 

analysis was done by Dr Karen Sisley. Detailed structural karyotype analysis was 

not possible, however, even though chromosome enumeration was carried out and 

gross structural chromosomal abnormalities were observed. Neither of the ConM 

cell lines used showed evidence of a high level of chromosomal alterations, in 

comparison to the metaphase spreads of highly abnormal tumour, that have gross 

structural abnormalities such as double centromeres/constrictions, as shown in 

figure 3.5. 

 
 

              
 
Figure 3.5: An example of Metaphase Chromosome Spread adapted from Dr. A. 

Salawu. The chromosomes and adjacent intact nucleus are stained with Leishmann’s 

stain. The tumour cells are polyploid with the metaphase spread, some of which have 

gross structural abnormalities such as double centromeres/constrictions (White arrows). 
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Metaphase chromosomes were obtained from early cultures in only two cases from 

the primary short-term culture cells Mel 621 and Mel 635, but, none of them 

showed any level of chromosomal abnormalities (Figure 3.6).    

 

                    

                   

 

Figure 3.6: A and B showing an example of Metaphase Chromosome Spread and 

karyotype from Mel 621. The average chromosome counts obtained from this metaphase 

spread about 46.  

  

 

 

 

 

A 

B 
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3.2.2.2   Array Comparative Genomic Hybridisation 

Array-CGH was carried out to investigate genetic alterations using DNA extracted 

from the short-term cultures of Mel 621 and Mel 635, and to compare their genomic 

copy number profiles to their counterparts in UM. Array-CGH profiles of fresh 

frozen UM tumour tissue (Mel 562), as illustrated in figure 3.7, was used as an 

example for this comparison.  

 

 
Figure 3.7: Array-CGH ideograms of chromosomal aberrations in primary fresh 

frozen UM tissue (Mel 562). Coloured bars to the right indicate copy number gains. 

Coloured bars to the left show copy number losses. This genomic view illustrates deletion 

of 1p, 3q, 4q and 16q, and gain of 6p and 8q. Kindly supplied by N. Alshammari as an 

example for comparison. 

 

In the present study, however, the two samples of primary ConM (Mel 621 and 

635) were only established as a short-term culture. The cultured cells (Mel 621 

and 635) had featureless array-CGH profiles, as shown in figures 3.8 and 3.9, and 

matched the information from the karyotypes were no consistent abnormalities 

were identified just random gains of chromosomes that would not be detected by 

array-CGH. Another sample of ConM (Mel 568) was previously run on an array as 

a primary uncultured tumour from fresh frozen tumour material. This case, Mel 568, 

showed complex genomic profiles and had multiple abnormalities affecting 

chromosomes 1, 4, 6, 8, 9, 10, 11, 13, 15, 16, 19, 20, 21 and 22, as illustrated in 

figure 3.10. 

Mel 562 
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Figure 3.8: Array-CGH ideograms of primary short-term cultures of ConM (Mel 

621). This genomic view illustrates that no chromosomal aberrations were found. 

 

 

 
 
Figure 3.9: Array-CGH ideograms of primary short-term cultures cell of ConM (Mel 

635). This genomic view also illustrates that no chromosomal aberrations were found. 

Mel 621 

Mel 635 
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Figure 3.10: Array-CGH ideograms of a primary uncultured tumour of ConM (Mel 

568). This genomic view case had multiple abnormalities affecting chromosomes 1, 4, 6, 

8, 9, 10, 11, 13, 15, 16, 19, 20, 21 and 22. 

 

3.2.2.3 Mutational analysis for BRAF, NRAS, GNAQ, GNA11and TERTgenes 

 

The short-term cultures of the MEL 621 and MEL 635 samples were screened to 

investigate any mutations within BRAF, NRAS, GNAQ, GNA11 and TERT 

promotor. The purified PCR products were sequenced for mutation hotspot regions 

of BRAF, i.e. both exon 15 and 11, NRAS, both exon 1 and 2, and 

GNAQ and GNA11, codon 209, and the fragment DNA sizes were compared 

against a 1Kb DNA ladder as previously described in section (2.1.3).   Sequencing 

of the other genes was achieved successfully, however, and sequencing traces 

were analysed using FinchTV software (Geospiza, Massachusetts, USA), but no 

mutations were detected in these short-term cultures, as shown in figure 3.11.       

 

 

Mel 568 
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Figure 3.11: Chromatogram sequencing traces for short-term culture samples 

showing the wildtype for BRAF, NRAS, GNAQ, GNA11. An example of a wildtype 

sequencing chromatogram with BRAF codon 600 at GTG, and also with NRAS codon 61 

with normal sequence CCA and GNAQ codon 209 with normal sequence CAA, GNA11 

codon 209 with normal sequence at CAG. Traces were visualized using Finch TV software 

(Geospiza). 

   

BRAF Exon 15 

BRAF Exon 11 

NRAS codon 61 

NRAS codon 12-13 

GNAQ codon 209 

GNA11 Codon 209 
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3.2.2.4   Fluorescence in situ hybridisation (FISH) 

FISH requires DNA probes labelled with fluorochromes to visualize DNA 

sequences on metaphase chromosomes or interphase nuclei allowing detection of 

chromosomal re-arrangements, gene amplification and deletion. Many of the 

probes applied in FISH are now commercially available. The commercial probes 

used in this study were CEP 3 (Chr 3 centromere 3p11.1-q11.1, spectrum orange) 

and CEP 8 (Chr 8 centromere 8p11.1-q11.1, spectrum green). In this chapter, 

samples of ConM, Mel 621 and 635 have been analysed by FISH to detect any 

imbalance of chromosomes 3 and 8 as shown figure 3.12. But, none of these 

samples shows any genetic imbalance. 

 
                          

                   

                    

Figure 3.12: FISH Image illustrating a lack of genetic imbalance (GI) for chromosomes 

3 and 8 as found in primary short-term cultures of both ConM 621 and 635 where the two 

green signals represent (CEP8) and two red signals represent (CEP3) in most 

nuclei, blue stain (DAPI counterstain).  
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3.3 Discussion  

3.3.1 Primary tissue culture characteristics    

 

In the present study, the morphology of both Mel 621 and Mel 635 ConM were 

similar where most of cells were spindle cells, but distinct to their counterpart UM 

which have mixed between epithelioid and spindle cells. There is very little 

literature available on cultured ConM cells. However, some studies have 

demonstrated that histologically, ConM is composed of malignant melanocytic 

cells, which can be confirmed by nuclear atypia, and a lack of contact inhibition or 

prominent nuclei. Furthermore, previous studies reported four different cell types 

have been detected such as small polyhedral cells, large epithelioid cells, spindle 

cells and balloon cells (Zembowicz et al., 2010, Oellers and Karp, 2012).  

 

Contact inhibition in confluent cell cultures is well-defined as a reduction of cell 

mobility and mitotic rate with increasing cell density. It is usually expected that 

contact inhibition, as the term suggests, is caused by cell contact and is a feature 

of normal cells growing in culture (Heckman, 2009). Puliafito et al. (2012) also 

defined contact inhibition in culture as a change from proliferating non-confluent 

cells to a fully differentiated dense epithelial monolayer (Puliafito et al., 2012). The 

loss therefore of contact inhibition, is considered to indicate non-normal cell 

behavior (Zembowicz et al., 2010, Oellers and Karp, 2012). Since both Mel 621 

and Mel 635 displayed evidence of lack of contact inhibition with rounding up of 

cells to form spheroids and overlying to form channels they do not appear to be 

normal (Figure 3.4a). Certainly, similar observations have been reported 

previously, with Diebold et al. (2009) reporting on some cases of ConM cell lines 

and describing them as having variations in morphology matching those observed 

in this study (Diebold et al., 2009).  
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3.3.2 Genetic Characteristics    

 

In this study, a combination of techniques was used to investigate the genetic 

alterations of ConM. array-CGH was used to conduct an analysis of the DNA copy 

number changes associated with ConM. A literature search has revealed no 

previous data on the array-CGH profile on short-term cultures of ConM cell lines. 

ConM Mel 568 DNA extracted from a frozen tissue sample was, however, 

previously run and was revealed to have a complex genomic profile with multiple 

chromosomal changes (Figure 3.10). The array-CGH profiles generated from the 

primary short-term cultures of the Mel 621 and 635 cell lines however, gave a 

negative flat genomic profile array-CGH result. Although a rare melanoma may 

give an array-CGH negative result; these findings would suggest that the cell lines 

are from a normal cell population. Alternatively, it could be that the DNA 

concentration of the cell lines was not good enough, which would distort the ratio 

of normal to tumour DNA, thus resulting in a flat profile. Therefore, further work is 

require to establish the reason for this result. 

 

A large percentage of melanomas (but not UM) carry an activating somatic 

mutation in the BRAF and NRAS genes (Davies et al., 2002; Pollock et al., 2003), 

and some reports have found up to 50% of BRAF mutation and 18% of NRAS 

mutation in ConM (Lake et al., 2011a, Griewank et al., 2013b, Larsen et al., 2015). 

No GNAQ and GNA11 mutations have been detected in ConM however, a driver 

mutation of the TERT promoter has recently been detected to be quite frequent in 

ConM (32%-41% in ConM and 70% in cutaneous melanoma) (Griewank et al., 

2013a, Koopmans et al., 2014, Huang et al., 2013b). Here, ConM cell lines Mel 

621 and Mel 635 were screened to detect any oncogenic mutation of BRAF exon 

15 and 11, NRAS, GNAQ, GNA11 and TERT however, both cell lines were 

wildtype for all these oncogenes (Figure 3.11).     

 

In this chapter, cytogenetic analysis was also performed to assess the karyotype 

of ConM samples (Mel 621 and Mel 635) (Figure 3.6). Full G banding was not 

performed however, by chromosome counting and comparison of gross structural 

chromosomal abnormalities were observed (Figure 3.5). The findings were in 
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agreement to some extent with the array-CGH results, finding essentially a 

pseudo-diploid karyotype with inconsistent aneuploidy, observations that would 

likely produce a flat array-CGH profile. Conversely, Dahlenfors et al. (1993) found 

a gain of 4q by using karyotyping on one sample of short-term culture (Dahlenfors 

et al., 1993). In addition, previous cytogenetic work on ConM was done by Keijser 

et al. (2007), who reported a very complex karyotype with gains, deletions and 

changes in nearly all chromosomes being detected in the majority of cultured cells 

(Keijser et al., 2007). Again, this suggest that our ConM cell lines have arisen from 

normal cells and are not representative of a ConM tumour.    

 

Several studies have proposed that a fluorescence in situ hybridization (FISH) 

assay for chromosomal aberrations commonly associated with melanoma can 

identify diagnostically meaningful adjunct information in respect to the distinction 

of cutaneous melanocytic nevi from melanoma (Curtin et al., 2005, Gerami et al., 

2009, Morey et al., 2009). Numerous studies reported that the most common 

recurrent unbalanced genomic aberrations assessed using the FISH probe set 

were copy number increases of 6p (RREB1 at 6p25) and CCND1 (11q13) and 

deletion of 6q (MYB at 6q23), and the reason of choose theses probes because, 

the FISH assay consists of a limited number of probes and does not include all of 

the common unbalanced aberrations in melanoma across the whole genome 

(Clemente et al., 2009, Gerami et al., 2010, Vergier et al., 2011, Abasolo et al., 

2012). A study by Busman et al. (2010) validated the FISH technique as useful in 

establishing a distinction between conjunctival nevi from melanoma, and reported 

that gains of RREB1 and cyclin D1 were found in 100% (6 of 6) and 66% (4 of 6) 

of cases respectively and loss of MYB was detected in all six ConM cases (Busam 

et al., 2010). Mudhar et al. (2013) also used FISH assays on conjunctival 

melanocytic lesions and showed that ConM had similar genetic aberrations to CM; 

unlike UM that has distinct chromosomal changes, principally of chromosomes 3 

and 8. In this study neither Mel 621 nor Mel 635 had abnormalities of chromosomes 

3 or 8, and other probes have yet to be investigated. The initial findings are not 

therefore helpful in clarifying the origin of the ConM cell lines, but it is clear that 

they are distinct from UM. 
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3.3.3 Origin of ConM cell lines Mel 621 and Mel 635. 

 

The most common de novo site for ConM is at the limbus with a short horizontal 

growth followed by a rapid vertical growth (Jakobiec et al., 1989). This type has a 

higher risk of metastasis and death compared to PAM or naevi (Shields et al., 

2011). The limbus is an area found at the corneo-scleral junction that is rich with 

limbal epithelial stem cells (LESCs) (Varga and Wrana, 2005).  Stem cells share 

some characteristics of cancer cells, such as an ability to proliferate by a process 

of self-renewal and the potential for pluripotency. The term stem cell refers to the 

capability for unlimited cell divisions during the life of an organism, giving rise to 

progeny that enter differentiated pathways with subsequent terminal differentiation 

(Potten and Loeffler, 1990, Chee et al., 2006). In general, stem cells have certain 

features that are distinctive from other cells, such as a lack of differentiation, slow 

cycle, asymmetric division and high proliferative capacity.  

 

LESCs are usually located at the basal layer of the limbal epithelium, while 

transient amplifying cells (TACs) are found in the basal layer of both the limbal and 

corneal epithelium (Kruse, 1994, Chee et al., 2006). They share common features 

with other adult somatic stem cells, such as a small size and a high nuclear-to-

cytoplasmic ratio (Barrandon and Green, 1987, Romano et al., 2003, Yoon et al., 

2014). They are considered primitive because they are characterized by slow 

cycling during homeostasis and thus maintain DNA labels for a long time, but in 

the case of injury they have the capacity to increase their mitotic rate (Lehrer et 

al., 1998, Lavker and Sun, 2003). In 1971, Davanger and Evensen first proposed 

that epithelial cells in the limbal location are included in the renewal of the corneal 

epithelium (Davanger and Evensen, 1971). Moreover, they function as a barrier to 

conjunctival epithelial cells, preventing them from migrating onto the corneal 

surface (Ebrahimi et al., 2009).  Given the information we currently have available 

for Mel 621 and Mel 635, it is possible that the cultures derived from these samples 

have been developed from LESCs that were contaminating the tumours, since they 

demonstrate atypical behavior in culture but do not have the clear genetic 

alterations that would suggest they are from ConM. 
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There are contradictions between several studies about the morphological criteria 

of LESCs, which include the amount of melanin granules present, the prominence 

of the nuclei and basal membrane invaginations, and there is confusion as to the 

morphological differentiation between the stem cells and TACs (Cotsarelis et al., 

1989, Schlotzer-Schrehardt and Kruse, 2005, Zhao et al., 2009). The expression 

of the protein markers of the LESCs can occur in different cell types of the ocular 

surface. The well-established marker for LESCs is cytokeratin 19, however, which 

is also expressed in the conjunctival epithelium (Ang et al., 2004, Yoon et al., 

2014). So far, the molecular markers for LESCs can be classified into two types; 

stem cell-associated markers such as p63, or differentiation markers, such as K3. 

Differentiation markers distinguish stem cells from the more lineage committed 

cells. Although no single marker can reliably identify a LESC, the presence, 

absence or relative expression of these markers in the corneal epithelium allows 

the description of a putative stem cell phenotype (Awaya, 2005, Chee et al., 2006). 

 

Finally, it is possible that the cultured Mel 621 and 635 cell lines are derived from 

a cancer stem cell population rather than a normal stem cell population. Such a 

population may not demonstrate the high levels of genetic change which would 

normally be associated with the development and progression of cancer. There is 

much debate, however, about the role of cancer stem cells and further work is 

required to explore these points. Overall, to our knowledge, there is little known 

about the genetic changes that are associated with this malignancy. In this chapter 

however, a clearly abnormal array-CGH profile has been obtained from a frozen 

tissue sample of a ConM.  However, two ConM cell lines produced abnormal 

cultural growth but showed no evidence of consistent genetic alterations. Further 

work is therefore required to clarify these initial findings. In the next step, array-

CGH will be used to analyse samples for regions of interest, including samples of 

fresh and archival tumours. A series of archival samples are available through 

collaboration with the ocular oncology pathologist Dr Hardeep Mudhar.   
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4.1 Introduction 
 

Innovations in biotechnology have allowed cancer research to become ever more 

clinically appropriate. Several analytical techniques, such as mutational 

sequencing, cytogenetics and proteomics now allow specific genetic, 

chromosomal and protein abnormalities to be connected to specific cancers, 

thereby serving as diagnostic and prognostic biomarkers. Consequently, earlier 

detection, more accurate clinical diagnoses and more effective and targeted 

therapies have helped to decrease mortality rates for some cancers (Jemal et al., 

2009). A powerful way to improve patient outcomes by these means is to identify 

the earliest genetic changes that initiate carcinogenesis and thus to discover the 

genes that play fundamental roles in this process by identifying genomic regions 

that undergo frequent alterations in human cancers.  Over the past period, the field 

of cancer research has practiced important improvements and developments 

subsequent to the achievement of the human genome project by the International 

Human Genome Sequencing (2004). This achievement has led to an improved 

understanding of the mutational screening of regulatory genes which control the 

cell cycle and other cellular pathways (Stratton et al., 2009).  

 

In this context, array-CGH is one useful method used to identify tumour 

suppressors and oncogenes in solid tumours. (van Beers et al., 2006). Array-CGH 

was established in the late 1990s, bringing with it the benefits of rapid, high-

resolution screening of entire genomes that is essential for analysis, with minimal 

cytogenetic information (Kallioniemi et al., 1992). Array-CGH contains of co-

hybridising fragments of test and reference genomic DNA that have been labelled 

with fluorescent dyes to a set of mapped and marked DNA sequence (probes) on 

microarray slides. These are then scanned to produce an image of differential 

signal intensities. It is possible to identify the copy number alterations between 

tumour and normal DNA by assessing the ratio of fluorescence at each probe at 

that mapped genomic site. Since its introduction, progress in microarray 

technologies has led to improvements in various genomic analysis array platforms 

with even higher resolutions, involving tiling path bacterial artificial chromosome 

(BAC) arrays of up to B50–100kb resolution (Oostlander et al., 2004) and 
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oligonucleotide arrays with a theoretical resolution of up to 2kb (Ou et al., 2008).  

Array-CGH allows the identification of gains and losses within chromosomal 

regions, providing an essential tool for studying cancer and developmental 

disorders and for developing diagnostic and therapeutic targets (Shaw-Smith et 

al., 2004).  

 

In the previous chapter, the primary short-term cultures of Mel 621 and Mel 635 

cells were analysed by array-CGH and screened for all known oncogenes that 

have been reported in ConM however, both tumours were wildtype for all these 

oncogenes and gave a negative flat genomic profile figure 3.7 and 3.8. These 

findings suggest that the origin of these cultures may be from a normal cell 

population. In this chapter, direct sequencing and array-CGH were used on 

archival and FFPE samples to identify any mutations and genetic alterations that 

might be correlated with ConM tumours and to detect any recurrent focal SCNA 

that might be missed by previous report.  In addition, the study aimed to 

corroborate that the genetic alterations in ConM distributed across the genome in 

a pattern reminiscent of cutaneous melanoma but different markedly from UM as 

previously reported. 
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4.2 Results    
 

4.2.1 Tumour sample  

 

Twenty-One ConM tumour samples that have been reported in this study were 

collected as fresh specimens and/or archival FFPE blocks. Fresh samples were 

obtained from patients treated in the Department of Ophthalmology at Hallamshire 

Hospital (Sheffield, UK) and the archival FFPE samples were usually available 

from the ocular histopathology department by Dr. Hardeep Mudhar. 17 of the 21 

samples were FFPE samples with some of the samples being paired samples. 

Since fresh frozen tissue is limited, due to the rarity of this tumour, only four such 

cases were included. Another four CM cell lines were used as a positive control 

for subtype comparison. The clinical pathological data were also collected based 

on the information available for each sample as shown in (appendix 2 and 3) 

 

4.2.2 Technical issue with DNA purity and quality 

 

While the DNA obtained from fresh frozen tissue produces sufficient good quality 

DNA for array-CGH, the DNA from archival FFPE tissues is not always suitable for 

molecular analysis, since it typically has inadequate quality (low yield and highly 

fragmented) because of the degradative effects of formalin (Srinivasan et al., 2002, 

van Beers et al., 2006). Besides, several studies have demonstrated that 

comparing the array-CGH presentation of high and low quality of DNA revealed 

that fragment sizes less than 200 base pairs might produce noisy and error in the 

results (van Beers et al., 2006, Mc Sherry et al., 2007). Another reason for the 

limitations of using DNA from FFPE in high-resolution oligonucleotide array-CGH 

is the technical difficulty of labelling fragmented DNA. The old enzymatic 

techniques for labelling DNA, for instance, Nick translation or Random priming, 

include a fragmentation step with DNase or restriction digestion correspondingly. 

The more recent non-enzymatic method, referred to as the Universal Linkage 

System (ULS), however, directly labels the DNA by a chemical reaction that 

integrates platinum-conjugated fluorophores into the DNA without require for 

further fragmentation, making it appropriate for low quality fragmented DNA like 
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that from FFPE tissue (Alers et al., 1999). In terms of quantity, although the DNA 

yield in most samples, was generally good, (exceeding 10μg in most cases), in 

some samples, the yield was low. Therefore, Whole-genome amplification used in 

the low DNA yield samples using Sigma’s GenomePlex Single Cell Whole Genome 

Amplification Kit as described previously (Geigl and Speicher, 2007).   

 

4.2.3 Screening of known oncogenes for BRAF, NRAS, GNAQ, GNA11 and 

TERT promoters 

 

4.2.3.1 BRAF and NRAS screening  

Since the screening conducted in several studies has indicated that BRAF 

mutation is the most frequent driver mutation in ConM, direct sequencing was 

conducted to screen this known oncogene in all 21 tumour samples, as well as in 

the four-positive control CM cell lines. An activating mutation in exon 15 of the 

BRAF gene was found in 24% (5 of 21) ConM tumours at position V600E 

(T1799A), and the same mutation was found in two of the four positive control CM 

cell lines. Most of these mutations represented by the valine to glutamic acid 

substitution at position 600 (V600E), as shown in (Figure 4.1). Mutations within 

exon 11 of the BRAF gene were also screened for, but, no mutations were detected 

(Figure 4.2).  

 

NRAS mutations however, have not been analysed in most genetic studies of 

ConM. The current study detected NRAS mutations at codon 61 (exon 2) in 10% 

(2 of 21) ConM samples which represents a substitution of a glutamine to arginine 

Q61R (A182G). On the other hand, NRAS mutations at codons 12-13 (exon 1), 

which result in an amino acid substitution at position 12 from a glycine to an 

aspartic acid (GGT>GAT), were not detected in this study (Figure 4.3).  
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Figure 4.1: Wild-type and mutant sequence chromatograms of BRAF exon 15. 

A. an example of wildtype BRAF, indicated by the blue arrow, with a normal sequence of 

GTG. B. a mutated example of BRAF shows heterogenous thymine to adenine 

transversion at nucleotide position 1799 (indicated by the blue arrow). C. a mutated 

example of homozygous BRAF at codon 600 in CM indicated by the blue arrow 

GTG>GAG. D. gel electrophoresis with a 1kb marker displaying BRAF amplified PCR 

product with a 224bp template size. Sequencing traces analysed on Finch TV (Geospiza, 

USA). 1Kb (1 kilo base marker) NC (Negative control). 
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Figure 4.2: Wild-type sequence chromatograms of BRAF exon 11. 

A. an example of wildtype BRAF exon 11, indicated by blue arrow, with a normal sequence 

of TGG. B. Gel electrophoresis with a 100bp marker displaying BRAF exon 11 amplified 

PCR product with a 295bp template size. Sequencing traces analysed on Finch TV 

(Geospiza, USA).   
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Figure 4.3: Wild-type and mutant sequence chromatograms of NRAS gene. A. an 

example of a wildtype NRAS at codon 61 heterozygous indicated by the blue arrow, with 

a normal sequence of CAA. B. a mutated example of NRAS at codon 61 at CAA>CGA 

(indicated by the blue arrow CGA). C. gel electrophoresis with 1kb marker demonstrating 

the NRAS amplified PCR product with a 262bp template size.�D. an example of a wildtype 

NRAS at codon 12-13 exon 2, indicated by the blue arrow with a normal sequence of GGT. 

E. gel electrophoresis with a 100bp marker demonstrating the NRAS codon 12-13 

amplified PCR product with a 318bp template size.  Sequencing traces analysed on Finch 

TV (Geospiza, USA).   
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 4.2.3.2 GNAQ and GNA11 exon 5 screening 

To investigate the mutations within GNAQ and GNA11 exon 5, all purified PCR 

products were sequenced directly. This sequencing was successful across all 21 

samples. Among the 21 samples screened for GNAQ and GNA11 mutations, the 

overall mutation frequency was 4% (1/21) and 14% (3/21), respectively. Mutations 

affecting codon 209 in both GNAQ and GNA11 were c.626A>T(Q209L), resulting 

in a glutamine to leucine substitution, as shown respectively in figure 4.4 and 4.5.    

 

 

 

 

Figure 4.4: Wild-type and mutant sequence chromatograms of GNAQ gene. A. an 

example of a wildtype GNAQ at codon 209, indicating by the blue arrow, showing the 

normal sequence of GNAQ. B. clarification of a point mutation at Q209 with an A to T 

alteration indicated by a blue arrow (CAA>CTA). This mutation predicts substitution by 

leucine (Q209L). C. gel electrophoresis with a 100bp marker demonstrating the GNAQ 

amplified PCR products with a 137bp template size. Sequencing traces analysed on Finch 

TV (Geospiza, USA).   
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Figure 4.5: Wild-type and mutant sequence chromatograms of GNA11 gene.  

A. an example of a wildtype GNA11 at codon 209, indicating by the blue arrow, showing 

the normal sequence of GNA11. B. clarification of a point mutation at Q209 with an A to T 

alteration, indicated by a blue arrow (CAG>CTG).  This mutation predicts substitution by 

leucine (Q209L). C. gel electrophoresis with a 100bp marker demonstrating the GNA11 

amplified PCR products with a 147bp template size. Sequencing traces analysed on Finch 

TV (Geospiza, USA).   
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4.2.3.3 TERT promoter screening 

Recently, several studies have illustrated that up to 71% of CM harbour novel 

mutations in the promoter region of TERT, coding for the catalytic subunit of the 

telomerase holoenzyme in both familial and sporadic malignant melanoma  (Horn 

et al., 2013, Huang et al., 2013b).   It was initially a challenge to optimised the 

TERT promoter. Direct sequencing was conducted to screen all 21 tumour 

samples, as well as the four-positive control CM cell lines by using aTERT primer 

which was designed similarly to that in Dono et al. (2014). When the sequencing 

of the TERT promoter failed, it was realised that the primers for the TERT promoter 

had a low viability. While unusual for the PCR primers, this may be due to a 

problem with the life-span of the primer or the quality of the DNA.  Another primer 

designed by Horn et al. (2013), who suggested two different primers for frozen 

tissue and FFPE samples was then tested, with annealing temperatures 62 °C and 

55 °C, respectively, and with the addition of 5% of dimethyl sulfoxide (DMSO) to 

the master mix.  As the primer were still not working different sets of MgCl2 

concentrations and changes in the thermocycler conditions, were also studies, but 

the sequencing still failed. To overcome this issue a GC rich system kit was used 

to help support the primer template. Then, direct sequencing was conducted to 

screen all 21 ConM samples, as well as in the four-positive control CM cell lines. 

The TERT promoter was successfully PCR-amplified and sequenced in 17 of the 

21 of ConM samples. Four FFPE samples failed to sequence due to a problem 

with quality of the DNA. Overall, TERT mutations were detected in 47% (8 of 17) 

of ConM samples. All the identified mutations were located at hotspot region 

C250T, which displays the nucleotide exchange from cytosine to thymine, as 

shown in figure 4.6. In the present study, the details of all the known oncogenes 

mutations that found in ConM tumours are listed in table 4.1 below.    
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  Figure 4.6: Wild-type and mutant sequence chromatograms of the TERT gene.  

A. an example of a wildtype strand of the TERT promoter represents the hotspot positions 

at C228T and C250T, indicated by the blue line. B. A mutated strand, which displays the 

nucleotide exchange from cytosine to thymine indicated by a blue arrow (CTC>CTT). C. 

gel electrophoresis with a 100bp marker demonstrating the TERT promoter amplified PCR 

products with a 187bp template size. Sequencing traces analysed on Finch TV (Geospiza, 

USA).   

 

 

 

  

C250T 

C250T 

C228T 

C228T 

A 

B 

C 

100bp NC 



	 112	

 

Table 4.1 Summary of all the samples sequenced with BRAF exon 11 & 15, 

NRAS exon 1 and 2, GNAQ/GNA11 Q209 exon 5 and TERT promoter. 

 



	 113	

4.2.4 Copy Number Aberrations (CNAs) in Conjunctival melanoma tumours   

 

Melanomas are usually characterised by the presence of numerous genomic CNAs. 

Recurrent unbalanced genomic aberrations known to occur in melanomas are copy 

number increases of 1q, 6p, 7, 8q, 17q and 20q, and frequent losses of 6q, 8p, 9p, 10q 

and 21q (Curtin et al., 2009, Blokx et al., 2010). The genomic profile of individual sample, 

performed by using Agilent software (ADM2 algorithm), showed a range of chromosomal 

imbalances, and the same CNAs were confirmed by means of a different algorithm, 

FASST2 (Nexus), as indicated in figure 4.7. Most of the CNAs found in the current study 

were recurrent gains of 1q (62%), 6p (57%), 7q (29%), 8q (48%), 11q (29%) and 17q 

(24%) and recurrent losses of 3q (20%), 5p (29%), 6q (24%), 8p (19%), 9p (33%), 10q 

(29%), 11q (38%), 12q (19%), 13q, 16q (33%), as shown in figures 4.8 and 4.9 

respectively. These were consistent with common DNA copy number aberrations that 

might be associated with ConM. In general, ConM had simple genomic profiles that were 

described mostly by large whole arm or near whole arm chromosomal aberrations. Most 

of the large alterations identified were amplifications whereas the focal somatic copy 

number alterations (SCNA) were mostly losses.
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Figure 4.7: Individual array-CGH ideograms of chromosomal aberrations in primary 

conjunctival melanoma frozen tissue ConM 15). A: Genomic view from Agilent software 

elucidating changes in all chromosomes affecting ConM 16 with alteratios involving 

chromosomes 1, 3, 4, 6, 7,8, 9p, 10, 11, 12, 13, 16, 17,18, 19, 20, and chromosome 21. The 

right panel provides a high-resolution image of chromosome 9, illustrating the areas of 

amplification (red dots) and the areas of deletion (green dots). B: whole genomic view derived 

from Nexus software, displaying the chromosomal abnormalities that were found in the same 

case (ConM 15) using a different logarithm, indicated by red triangles to the left (loss) and blue 

triangles to the right (gain) of the chromosome. In the detailed panel for chromosome 9 on 

right, the x-axis signifies the whole of chromosome 9 and the y-axis signifies the log2 ratio of 

tumour/reference. The dots represent single probes, the horizontal blue line which above zero 

shows the detection of copy number gain, with consistent blue shaded area above, and the 

red line below the zero line shows the detection of copy number losses with consistent red 

shading below the zero line. Images in A were adapted from Agilent Genomic workbench 

v7.0.4. The ADM2 algorithm was used to detect all the CNAs. Images in B were adapted from 

Biodiscovery’s Nexus v8.0, and the FASST2 algorithm was used to detect all the CNA

ConM15 A 

B ConM 15 



	 115	

 

 
 
Figure 4.8: Individual chromosome penetrance plots of 21 conjunctival melanoma tumours. In this diagram, the most commonly 

aberrant regions are plotted as a function of their chromosomal position. Red bars to the right of the chromosome represent the frequency of 

amplifications and green bars to the left of the chromosome represent deletions. Dotted lines on the right and left side of each chromosome 

ideogram indicate the frequency (0% to 100%) of the identified aberrations, the heights of the bars correspond to the relative frequency of 

aberrations among the cases. Images were adapted from Agilent Genomic workbench v7.0.4. The ADM2 algorithm was used to detect all 

the CNAs. 

n=21 
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Figure 4.9: Frequency Plot of Common Genomic Copy Number Aberrations among 

21 conjunctival melanoma tumours using Nexus software. The most common 

aberrant regions are plotted according to their chromosomal site. Where the red bars to 

the left of the chromosome identify deletions and blue bars to the right of the chromosome 

identify the frequency of amplifications. The heights of the bars resemble to the relative 

frequency of aberations among the cases. Images were adapted from Biodiscovery’s 

Nexus v8.0.  All SCNAs are detected using the FASST2 algorithm.  

n=21 
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In the present study, several focal amplifications of oncogenes and homozygous 

deletions of tumour suppressor genes were revealed by array-CGH using Agilent 

software (ADM2 algorithm). The most common recurrent DNA copy number 

changes that were observed was the homozygous deletion of the CDKN2A gene 

on 9p21 in 33% (7 of 21) of the ConM tumours, and the PTEN gene on 

chromosome 10q23 was detected in 29% (6 of 21) tumours.  An example of these 

loci is illustrated in figure 4.10. In addition, loss of telomerase reverse transcriptase 

TERT promoter genes at loci 5p15 was also observed in 29% (6 of 21) of the 

tumours. Other focal amplifications and deletion of oncogene loci that have been 

reported previously in ConM studies, either by array-CGH or FISH, were also 

observed in the current study, such as receptor tyrosine kinase (KIT), cyclin D1 

(CCND1), ras-responsive element-binding protein 1 (RREB1) and MYB (myelo-

blastosis) genes (Busam et al., 2010, Mudhar et al., 2013, Griewank et al., 2013b). 

In the present study, a gain at the KIT locus on chromosome 4q was noticed in 

14% (3 of 21) of tumours.  A gain of CCND1 on 11q was found in 24% (5 of 21) of 

cases, whereas the gain of RREB1 (6p25) and the loss of MYB (6q23) were 

detected in 57% (12 of 21) and 24% (5 of 21) of ConM tumours, respectively, as 

summarised in (table 4. 2).  
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Figure 4.10: A high-resolution image of chromosomes illustrating focal amplifications of 

oncogenes and homozygous deletions of tumour suppressor genes revealed by array-CGH. 

A: focal losses at the loci of CDKN2A.  A view of the whole of chromosome 9 is presented in the 

left image, while the right side is a magnified image depicting individual CGH probes and the 

affected genes. The exact location of the genes on 9p21 is marked by the arrowheads. B: focal 

loss of PTEN. A view of the whole of chromosome 10 is presented in the left image, while the 

specifically affected gene is shown on the right side, showing the exact location of the gene 10q23. 

C: focal loss of TERT. A view of the whole of chromosome 5 is presented in the left image, while 

the specifically affected gene is shown on the right side, showing the exact location of the gene at 

5p15. Images were output from Agilent Genomic workbench v7.0.4. The ADM2 algorithm was used 

to detect all the CNAs.
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Table 4.2: Summary of all the most frequent focal CNAs among the conjunctival 

melanoma tumours in this study as derived from Agilent software.  
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  4.2.5 Common aberrations in different melanoma subtypes   

 

To our knowledge, ConM have not been well characterised at the genetic level.  

Previous studies, however, have demonstrated that the most common alterations 

found in ConM are similar to those in cutaneous and mucosal melanomas, but 

different from UM. In order to assess the common aberration in different subtypes 

of melanoma, array-CGH profiles of a similar number of uveal melanomas 

obtained from one of the researchers in oncology team (Mohammed Alfawaz) were 

analysed and compared to both ConM samples, and the four profiles of cutaneous 

melanoma samples that being used as a positive control. These comparisons 

showed that the most copy alterations in ConM, for instance, gain of 1p, 6p, 7, 8 

and 9 and loss of 1, 3, 4, 6, 8, 9, 10,1, 12, 13 and 16 which were analogous to the 

copy number variations found in the cutaneous melanoma subtype but different 

from those in uveal melanomas, which often have losses of 1p, 3, and 6q, and 

gains of 6p and 8q, as shown in figures 4.11 and 4.12. The changes seen in UM 

at chromosomes 6 and 8, as well as the losses of 1p, are also frequent in CM, but 

losses at any point in chromosome 3 are rare in cutaneous tumours (van den 

Bosch et al., 2010).   
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Figure 4.11: DNA copy number profiles of different melanoma subtypes. A and B 

show grouped CNAs results for 21 conjunctival and uveal melanoma samples, 

respectively. C: Copy number alterations of a group of four cutaneous melanomas.  All 

groups were analysed identically with Agilent software. Alterations are presented as 

penetrance plots; with gains in red and losses in green. Images were output from Agilent 

Genomic workbench v7.0.4. The ADM2 algorithm was used to detect all the CNAs.  
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Figure 4.12: Individual Array-based CGH ideograms for different melanoma 

subtypes. (A): genomic profiles illustrating the chromosomal abnormalities of conjunctival 

melanoma in comparison with chromosomal alterations found in (B) cutaneous 

melanoma, and (C) uveal melanoma. The latter can be seen to be completely distinct from 

the other melanoma subtypes. All groups were analysed identically with Agilent software. 

Gain are presented in red, losses in green. Images were adapted from Agilent Genomic 

workbench v7.0.4. The ADM2 algorithm was used to detect all the CNAs.

B: CM 

A: ConM 

C: UM 
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4.2.6 Copy number aberrations among BRAF and NRAS mutations    

The copy number profiles of 21 ConM tumour samples were also grouped 

according to the presence of the activating oncogene mutation.  These groups 

consisted of five BRAF-mutant tumours, two NRAS-mutant tumours, and fourteen 

tumours having neither NRAS nor BRAF mutations. Generally, wild-type tumours 

have higher numbers of chromosomal alterations, a finding that was also seen in 

BRAF-NRAS wildtype in CM (Gast et al., 2010). In this current study, the genomic 

profile of the two NRAS mutation group showed losses of 9p and 16q and gains of 

1q, 6p and 8q. However, the most common copy number alterations correlated 

with the five BRAF mutations were gains of 1q, 6p, 7 and 8, and losses of 3p, 5p, 

10q and 14. The losses of 10q, including the PTEN locus 10q23, were particularly 

prominent in BRAF mutations tumours, which were comparable to those reported 

in BRAF-mutant CM (Gast et al., 2010, Lazar et al., 2012) (Figure 4.13).  
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Figure 4.13: Frequency plot of the genomic view comparing BRAF mutations with 

wildtype and NRAS with wildtype. The magnitude of the amplifications or deletions were 

indicated as short or long bars, where the amplifications presented in blue above the zero 

baseline and, the deletions were presented in red below the zero baseline. The bigger 

bars indicate larger magnitude, and the opposite for the smaller bars. A. BRAF mutations 

tumours showed more association with gain of 1q, 6p, 7 and 8, and with loss of 3p, 5p, 

10q, 11 and 14 compared to wildtype groups, which shows a higher range of copy number 

changes. B. NRAS mutations tumours showed more correlated with gain of 1q, 6p and 8q 

and loss 9p and 16q than the wildtype.  All aberrations in each sample were identified 

using the FASST2 Algorithm.  
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4.2.7 Copy number aberrations among cases with TERT mutation and without 
mutations    

 

The ConM tumour samples were also grouped according to the presence of TERT 

mutation. These groups consisted of eight TERT-mutant tumours and nine 

tumours were TERT wild-type. Generally, wild-type tumours have higher numbers 

of chromosomal alterations, a finding shows more genome instability associated 

with this group. However, TERT mutations cases showed more association with 

gain of 1q, 6p, 7 and 8, and with loss of 3p, 5p, 9p,10q, 11 and 16 and this indicates 

that this group had less genome instability.  

 

 

 
 
Figure 4.14: Penetrance plots of DNA copy number profiles among conjunctival 

melanomas comparing the samples that have TERT mutations and wild type. A: This 

diagram shows the most common CNAs found in conjunctival melanomas, where TERT 

mutations tumours showed more association with gain of 1q, 6p, 7 and 8, and with loss of 3p, 

5p, 10q, 11 and 16 compared to wildtype groups, which shows a higher range of copy number 

changes. Where the areas of amplification are represented by the red bars and the areas of 

deletion are represented by the green bars.  The heights of the bars correspond to the relative 

frequency of aberrations among the cases. Images were output from Agilent Genomic 

workbench v7.0.4. All the CNAs was detected by using the ADM2 algorithm. 
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4.2.8 Common aberrations among primary and metastatic conjunctival melanoma  
 
 

Based on reviewing the clinical information of the research patients obtained by 

ocular histopathologist Dr. Hardeep.  Of 21 cases included in this study between 

female and male, their aged range from 37-85 years old.  The majority of the 

samples for the series were chosen without previous knowledge of the genetic 

changes or outcome. The data from Array-CGH shows that approximately 62% of 

all ConM samples were originally from primary ConM and 38% were metastasized. 

The most frequent CNAs among 13 samples in the primary conjunctival group 

associated with recurrent gains of 1q, 4q, 6p, 7q, 8q, 11q, 17q, 19p and recurrent 

loss of 3q, 5p, 6q, 9p, 10q,11q, 12q and 16q.  Losses of chromosome 6q and 9p 

and gains of 1q, 6p and 8q were prominent in primary ConM, meaning that these 

changes may play important roles in ConM development. 

 

The most CNAs observed in the eight metastatic ConM samples, were recurrent 

gains of 1q, 6p and 7q, 11q, and losses of 3q, 5p, 6q, 9p, 10, 11q, 12q and 16q 

(Table 4.3) and (Figure 4.15). The genetic alterations associated with primary 

ConM shows more instability compared to metastasis group that had less genome 

instability where a lot of focal CNAs, including losses of 5p, 9p, 11q and 16q, were 

more frequent, suggesting that these alterations may have a later role in ConM 

tumorigenesis and disease progression.    
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Table 4.3: Summary of the most frequent CNAs among Primary and Metastatic 

Conjunctival melanomas tumours in this study.  

 

Region  Primary n=13 Metastasis n=8 All Samples n=21 

1q gain  69% (9/13) 50% (4/8) 62% (13/21) 

3q loss 23% (3/13) 13% (1/8) 19% (4/21) 

4q gain 23% (3/13)  None  14% (3/21) 

5p loss  23% (3/13) 38% (3/8) 29% (6/21) 

6p gain  62% (8/13) 50% (4/8) 57% (12/21) 

6q loss  31% (4/13) 13% (1/8) 24% (5/21) 

7q gain 23% (3/13) 50% (4/8) 33% (7/21) 

8q gain  69% (9/13) 25% (2/8) 52% (11/21) 

9p loss 31% (4/13) 38% (3/8) 33% (7/21) 

10q loss 31% (4/13) 25% (2/8) 29% (6/21) 

11q loss 31% (4/13) 50% (4/8) 38%( 8/21) 

11q gain  23% (3/13) 25%(2/8) 24% (5/21) 

12q loss 8% (1/13) 13% (1/8) 10% (2/21) 

16q loss 23% (3/13) 50% (4/8) 33% (7/21) 

17q gain  31% (4/13) 13% (1/8) 24% (5/21) 
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Figure 4.15:  Penetrance plots of DNA copy number profiles of 21 cases of 

conjunctival melanomas according to the original clinical data. A: This diagram 

shows the most common CNAs found in primary conjunctival melanomas, with gains of 

1q, 6p, 8,11q, 17p,19 and 20, and losses of 5, 6q, 9, 10, 11 and 16q. B: CNAs found in 

metastasis conjunctival melanoma cases, illustrating gains of 1q, 6p, 7, 11q, and losses 

of 5p, 9p, 10, 11 and 16q, where the areas of amplification are represented by the red 

bars and the areas of deletion are represented by the green bars.  The heights of the bars 

correspond to the relative frequency of aberrations among the cases.  Images were output 

from Agilent Genomic workbench v7.0.4. All the CNAs was detected by using the ADM2 

algorithm. 
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4.3  Discussion  

 

Array-CGH can play a crucial role in identifying oncogenes in solid tumours, in 

identifying tumour suppressors, and in the classification of tumours. In addition, it 

allows the identification of chromosomal regions of gains and losses, providing an 

essential tool for studying cancer and developmental disorders and for developing 

diagnostic and therapeutic targets (Shaw-Smith et al., 2004, Awaya, 2005, van 

Beers et al., 2006). Array-CGH is commonly used in genomic research for 

identifying DNA copy number aberrations, and are gradually being applied as a 

choice in diagnostic evaluation for congenital and acquired genomic aberrations 

(cancers) (Wang et al., 2013).   

 

4.3.1 Known oncogene mutations in conjunctival melanoma  

 

The most relevant mutations in CM are the activating mutations of BRAF and 

NRAS, since these oncogenes activate the MAPK pathway by stimulating the 

mitogen-activated protein kinase1 (MEK1) (Akslen et al., 2005). Likewise, in ConM 

BRAF mutations are reported in 14% to 50% of ConM and by NRAS mutations in 

up to 18% of tumours (Gear et al., 2004a, Spendlove et al., 2004, Lake et al., 

2011a, Griewank et al., 2013b, Griewank et al., 2013a, Larsen et al., 2015). The 

BRAF mutations found in ConM like those of CM and have been detected mainly 

in two different small regions of the kinase domain of the BRAF molecule (Gear et 

al., 2004a), most commonly in exon 15, with a single T-A substitution whereas the 

other mutations were also detected in a region of exon 11, as previously described 

(Brose et al., 2002). In the current study, the most common oncogene mutations 

found were BRAF V600E at exon 15, which were detected in 24% (5 of 21) of the 

samples as well as in the positive control, (2 of 4) of the cutaneous melanoma cell 

lines. The mutation was in the form of a single nucleotide mutation, resulting in 

substitution of glutamic acid for valine (BRAFV600E: nucleotide 1799 T>A; codon 

GTG>GAG), which is related to what has been reported in previous studies (Long 

et al., 2011, Griewank et al., 2013b, Wilson et al., 2014). The five cases of BRAF 

mutations found in the present study at exon 15 were comparable to those 

previously described in the literature. The mutation however, appeared to be 
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heterozygous, whereas in the two cases in the CM positive control, it was 

homozygous (Figure 4.1). The BRAF mutation at exon 11 was also screened, but 

no mutations were detected (Figure 4.2). Mutations in BRAF exon 11 have 

previously been observed, although only rarely. One study reported a G1402A 

point mutation of exon 11 which encodes a G468R substitution, and found it to be 

associated with NRAS mutation. It is likely, therefore, that the BRAF exon 11 

mutation does not provide sufficient stimulus to the MAPK pathway and that the 

addition of RAS activity is required for adequate activation (Gorden et al., 2003). 

In contrast to ConM, several studies have failed to confirm the presence of 

the BRAF mutation in UM, including primary and metastatic choroidal and ciliary 

body melanomas (Cohen et al., 2003, Cruz et al., 2003, Edmunds et al., 2003). 

The recent study done by Griewank et al. (2013) was the first study to identify 

frequent NRAS mutations as a relevant oncogene in ConM. The identified 

frequency of 18% (14 of 78) is comparable to that found in CM (Ko and Fisher, 

2011, Griewank et al., 2013b). Nevertheless, in the current study, only two of the 

21 tumours 10% were found to harbour a point mutation affecting codon Q61R 

(A182G) within exon 2 of NRAS (Figure 4.3). Mutations in the other two RAS family 

members, HRAS and KRAS, are extremely rare in melanoma (Jakob et al., 2012). 

However, a novel KRAS p.k117Y mutation in exon 4 was detected  for the first time 

in the case of a 48-year-old patient with metastatic ConM which may indicate the 

role of this mutation in disease progression (Del Carpio Huerta et al., 2017). 

Conversely, this was not detected in any of our samples. Several studies have 

verified the absence of any GNA11 or GNAQ mutations in ConM, which suggests 

that these mutations are probably very rare in this tumour type (Van Raamsdonk 

et al., 2009, Dratviman-Storobinsky et al., 2010, Van Raamsdonk et al., 2010). A 

previous study however, has reported that the only ConM tumour harbouring a 

GNA11 Q209L mutation was a metastasis from UM (Griewank et al., 2013b). 

Nevertheless, GNAQ mutations at codon Q209 have been found in 45% of primary 

UM, 22% of UM metastases, and 55% of blue nevi (Van Raamsdonk et al., 2010). 

Mutations in GNA11 at codon Q209, meanwhile, have been found in 32% of 

primary UM, 57% of the UM metastases, and 7% of blue nevi (Van Raamsdonk et 

al., 2010). In the present study, one of the frozen tissue cases was found to have 

a GNAQ mutation (ConM16) and their profile clearly show that the CNAs was 

comparable to UM with clear alterations in chromosome 3, 6 and 8 (Appendix 5). 
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This mean that this case might be metastasize from UM. Another three samples 

had GNA11 Q209L mutations, two of them was one pair and found to be ConM 

metastasis and their profile was not clear enough therefore more clinical 

information about their origin are required.    

 

Recently, a high frequency of TERT promoter mutations was discovered in CM 

(Horn et al., 2013, Huang et al., 2013b) and these have also been identified with 

different frequencies in various other types of human cancer, such as glioblastoma 

and bladder cancer, suggesting that these mutations have a wide ranging role in 

human tumorigenesis (Huang et al., 2013b, Killela et al., 2013b, Vinagre et al., 

2013, Liu et al., 2013, Hosler et al., 2015). The identified hotspot mutations, which 

cause a cytidine-to-thymidine (C>T) di-pyrimidine transition at chromosome 5 were 

identified in two regions and are thus named C228T and C250T, respectively. 

Mutations of the TERT promoter have not been identified in UM, but have been 

detected in 32%-41% of ConM, and are identical to those found in CM (Griewank 

et al., 2013a, Koopmans et al., 2014). Mutations of the TERT promoter have not 

been identified in conjunctival nevi or PAM without atypia, but have been detected 

in 8% (2 of 25) of PAM with atypia (Koopmans et al., 2014). After optimising the 

TERT promoter by using a GC-rich PCR system the primers were able to work but 

were still found to be highly labile and not suitable for continual usage and hence 

new aliquots were required. The GC-rich system is designed to amplify DNA/cDNA 

templated up to 5Kb in length including GC-rich targets and repetitive sequences. 

It is composed of an enzyme blend of thermostable Taq DNA polymerase and Tgo 

DNA polymerase, a thermostable enzyme with proofreading (3’-5’ exonuclease) 

activity. All the ConM tumours samples were run on the thermocycler using TD-

PCR (Table 2.13) and their PCR products were amplified at 187bp. The TERT 

promoter was successfully PCR-amplified and sequenced in (17 of 21) of ConM 

cases, although four FFPE samples still failed to sequence due to a problem with 

the quality of the DNA. Generally, TERT mutations were detected in 47% (8 of 17) 

of ConM tumours. All identified mutations were located at hotspot region C250T 

which displays the nucleotide exchange from cytosine to thymine (Figure 4.6). 

These findings are comparable to the previous study done by Griewank et al. 

(2013a) who found TERT mutations in 32% (12 of 38) of ConM tumours. Similar 

findings were also reported by Koopmans et al. (2014) who detected that 41% (16 
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of 39) of ConM tumours had mutations of the TERT promoter, which were located 

at different hotspot positions, between  C250T and C228T. The high prevalence of 

C228T and C250T suggests that these TERT promoter mutations may comprise 

early genetic events in the genesis of melanoma and other cancer types (Huang 

et al., 2013b).  

Previous studies have revealed that tumours with BRAF or NRAS mutations were 

found to harbour TERT promoter mutations significantly more often than tumours 

lacking BRAF or NRAS mutations (Griewank et al., 2013a, Koopmans et al., 2014). 

These results are in accordance with the present study where four out of five 

BRAF-mutant samples and one in two NRAS-mutants had a concomitant TERT 

promoter mutations. The two hotspots C228T and C250T, created binding sites for 

ETS transcription factors which are targets of the MAPK signaling pathway 

(Whitmarsh et al., 1995).  BRAF and TERT promoter mutation therefore forms a 

distinctive mechanism in which the BRAF activated MAPK pathway which supports 

the up regulation of the TERT gene by creating and enhancing the interaction of 

ETS factors with the TERT promoter (Vinagre et al., 2013, Liu et al., 2014). To 

data, no information is available on the association of TERT promoter mutations 

with prognosis, not even for CM, as this has not been addressed by the original 

studies (Horn et al, 2013; Huang et al, 2013).  However, in term of grouped the 

ConM according to cases with and without TERT mutation, wild-type tumours have 

higher numbers of chromosomal alterations, where clearly shows more genome 

instability clear associated with this group compared to TERT mutations cases that 

showed more association with gain of 1q, 6p, 7 and 8, and with loss of 3p, 5p, 

9p,10q, 11 and 16 and this indicates that this group had less genome instability 

that might had role in the tumour development. 

   

 4.3.2 Genetic alterations of conjunctival melanoma  

 

The changes seen in UM at chromosomes 6 and 8, as well as the losses of 1p, 

are also frequent in CM, but losses at any point in chromosome 3 are rare in CM 

(van den Bosch et al., 2010).  In the present study, 21 ConM tumours were 

analysed using high resolution array-CGH and their copy number profiles 

confirmed by two different algorithms; the ADM2 and FASST2 algorithms both 

showed the same range of complex CNAs. The most CNAs found in this study 
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figure 4.8 and 4.9 respectively were in agreed to some extent with the study done 

by Griewank et al. (2013) who also conducted a large genetic analysis of 30 ConM 

samples by using array-CGH. They showed that the genetic alterations in ConM 

were similar to what has been found in cutaneous and mucosal melanomas, with 

gains of 1q, 3p, 7, 17q and losses of 9p, 10, 11, and 12q (Griewank et al., 2013b). 

In addition, Vajdic et al. (3003) reported multiple chromosomal changes by using 

array-CGH on two ConM samples , with the most notable changes being the losses 

of 10q and 16q, which are also found in CM (Vajdic et al., 2003a). The aggregated 

array-CGH findings of Wang et al. (2013) revealed several recurrent unbalanced 

genomic aberrations in CM involving gains of 1q,  6p, 7p and 8q and losses of 9p, 

6q, and 10, which are consistent with common CNAs known to be associated with 

melanomas (Wang et al., 2013). They also identified some non-random focal 

amplifications or deletions in loci known to harbour critical cancer genes, such 

as Cyclin-dependent kinase inhibitor 2A (CDKN2A) and phosphate and tensin 

homologue (PTEN) loci, which were the major targets of hemizygous or 

homozygous deletions in melanoma (Stark and Hayward, 2007, Gast et al., 2010, 

Wang et al., 2013).  

In the current study, several focal amplifications of oncogenes and homozygous 

deletions of tumour suppressor genes were also detected by array-CGH.  One of 

the most common recurrent CNAs that was observed in this study was the 

homozygous deletion of the CDKN2A gene on chromosome 9p21, which was 

detected in 33% (7 of 21) of ConM tumours (Figure 4.10). This is consistent with 

Stark and Hayward. (2007) who reported that the most common homozygous 

deletion identified in melanomas targeted the CDKN2A gene at chromosome 

9p21(Stark and Hayward, 2007). These revelations of CDKN2A deletion and 

homozygous deletion could help with the classification of a given sample. In 

addition, CDKN2A mutations are the most frequent genetic events underlying 

familial melanoma susceptibility, and have been reported in the germline of 8% to 

57% of familial melanoma cases (Newton Bishop and Gruis, 2007). CDKN2A is 

also the most frequently affected tumour suppressor gene, occurring in 50% to 

80% of sporadic melanomas (Curtin et al., 2005, Bennett, 2008, Gast et al., 2010, 

Aoude et al., 2015).  In the present study, loss of 10q was also most frequent in 

29% (6 of 21) of ConM tumours, and this includes the loss of the PTEN gene on 
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chromosome 10q23. Vagidic et al. (2003) also reported loss of 10q in 100% (2 of 

2) of ConM, and this finding has also been reported in CM (Vajdic et al., 2003a). 

The tumour suppressor gene PTEN deleted on chromosome 10 is one of the 

common recurrent aberrations identified in malignant melanomas (Curtin et al., 

2005, Stark and Hayward, 2007, Gast et al., 2010).  Several studies have reported 

the loss of PTEN in 63% to 70% of melanomas (Curtin et al., 2005, Gast et al., 

2010). Any mutation and deletion of PTEN could contribute to the development 

and progression of malignant melanoma (Birck et al., 2000). PTEN functions as a 

tumour suppressor by inhibiting PI3K signalling. PTEN’s lipid phosphatase 

dephosphorylates PI3K 3-phosphoinositide products, leading to inhibition of 

different signalling pathways. PTEN is a negative regulator of this pathway, and 

loss of this gene leads to an increase in, and constitutive activation of, the PI3K-

AKT pathway (Hodis et al., 2012). Furthermore, loss of 5p including telomerase 

reverse transcriptase TERT promoter genes on loci 5p15, which has recently been 

found as driver mutation in melanomas, was also observed in 29% (6 of 21) of 

ConM samples in the present study (Table 4.2). This gene encodes the catalytic 

reverse transcriptase subunit of telomerase, which is part of the ribonucleoprotein 

complex of telomeric DNA responsible for maintaining the telomere length at the 

chromosome ends (Dwyer et al., 2007). Other focal amplifications and deletion 

oncogenes loci reported previously in ConM, either by array-CGH or FISH, were 

also observed in the current study (Table 4.3).  

 

4.3.3 Do KIT, CCND1, CDK4, RREB1, MYB and NF1 genes correlate to the 

genetic alterations in conjunctival melanoma? 

 

In the current study, gains of KIT (receptor tyrosine kinase) locus on 4q12 were 

identified in 14% (3 of 21) of ConM tumours, but we did not screen for this known 

oncogene mutation due to the time constraints of this study. Previous work done 

by Beadling et al., however, has reported that mutation of the KIT gene was found 

in 7.7% (1 of 13) of ConM and 1.7% (1 of 58) of CM but not in any of 60 UM 

samples, and increased KIT copy number changes were less common among 

ConM 7.1% (1 of 14) and CM 6.7% (3 of 45) (Beadling et al., 2008).  In addition, 

Griewank et al. (2013) found that gains of the KIT locus on chromosome 4 were 

detected in 17% (5 of 30) tumours by array-CGH, but no known activating 
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mutations in KIT were detected. KIT mutations therefore appear to occur very 

rarely in ConM (Beadling et al. 2008; Griewank et al. 2013a). A recent study of 53 

Chinese ConM patients, however,  determined KIT mutations in 11% (6 of 47) of 

ConM, suggesting that there may be different pathways of tumour development in 

different ethnic groups (Sheng et al., 2015). Further studies are therefore required 

to investigate the oncogenic role of KIT in ConM.   

 

In the present study, gains of CCND1 at 11q were found in 5 of 21 cases (24%), 

whereas gains of RREB1 (6p25) and loss of MYB (6q23) were detected in 57% 

(12 of 21) and 24% (5 of 21) of ConM samples respectively. CCND1, RREB1 and 

MYB are among the most common genetic alteration loci that have been detected 

previously by FISH. A study by Busam et al. (2010) validated the FISH technique 

as useful in establishing a distinction between conjunctival nevi from ConM and 

reported that gains of RREB1 and cyclin D1 were found in 100% (6 of 6) and 66% 

(4 of 6) of samples, respectively, while loss of MYB was detected in all six 

conjunctival melanoma cases (Busam et al., 2010). Mudhar et al. (2013) also used 

FISH assays on conjunctival melanocytic lesions and showed that ConM had 

similar genetic aberrations to CM.  Due to the time frame of this study further 

investigation need to study these genes in more depth on large series to find out 

their role in development of ConMs. 

 

Recently, Scholz et al. (2018) anlaysed a large cohort of ConM tumours with a 

targeted next-generation sequencing covering genes which are frequently mutated 

in CM and UM. Their study was the first one to document NF1 as mutated 

oncogene in 33% (21 of 63) in ConM samples (Scholz et al., 2018). NF1 is a tumor 

suppressor gene that encodes the protein neurofibromin, which interacts with RAS 

and negatively regulates its function by inducing hydrolysis of RAS-bound GTP to 

GDP (Martin et al., 1990). NF1 has also recently been detected as the third most 

frequently mutated gene in CM, after BRAF and NRAS, which also activate the 

MAPK pathway (Wiesner et al., 2015). These mutations were also found to be 

associated with harbouring activating NRAS or BRAF mutations, this is 

comparable to the finding in CM where NF1 with BRAF, NRAS and other mutations 

are well known (Krauthammer et al., 2015, Cosgarea et al., 2017). NF1 mutations 

are mostly recurrent in melanoma subtypes that are associated with high sun 
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exposure, such as CM. Sun exposure is also a known pathogenic factor in ConM 

and this might clarify the high number of NF1 mutations detected (Nissan et al., 

2014). In the present study, there was no evidence for CNAs of NF1. 

 

BRAF mutations were detected in 24% (5 of 21) of ConM cases. The most frequent 

genetic changes associated with BRAF mutations cases were gains of 1q, 6p, 7 

and 8q and loss of 3p, 6q, 5p, 9p 10q,11q and 14. Losses of chromosome 10, 

including the PTEN locus 10q23, were particularly prominent in BRAF-mutant 

tumours (Figure 4.13). This is also demonstrated by Curtin et al. (2005), who 

reported a positive correlation between the loss of PTEN and mutations in BRAF, 

in support of the PI3K pathway as an independent somatic target that is frequently 

activated in primary melanoma. In addition, Griewank et al. (2013) reported that 

BRAF-mutant tumours more frequently had losses of chromosome 10q at the 

PTEN locus, and this supporting the concept that BRAF mutant tumours require 

an additional genetic event leading to the activation of the AKT pathway. This event 

is not as relevant in NRAS-mutant tumours, however, where the mutation directly 

leads to downstream AKT activation. Furthermore, it seems from this study that 

BRAF and NRAS mutations may define a subset of ConM that have more focal 

genetic changes, since as seen in figure 4.13 where wildtype tumours appear to 

have more generalized CANs across the genome. 

 
4.3.4 Genetic alterations associated with primary and metastatic conjunctival 

melanoma groups 

 

Among 21 cases included in this study 50%, 64% were male and female 

respectively, however, the clinical data of two patients were not available. The age 

of the patients which range from 37-85 years old was in pattern similar to previous 

studies (Shields et al., 2000, Jovanovic et al., 2013). Tumours location were also 

identified in this study and most of ConM tumour arising from bulbar and tarsal, 

inferior or superior fornix, nasal or temporal conjunctiva. It is notable that most of 

the samples presented with in-situ and invasive melanoma and the others 

diagnosed as in-transit metastasis with depth vary between 0.2-6mm. Our findings 

show that 14 samples (62%) of ConM tumour were initially derived from primary 

ConM and 7 samples (38%) were metastasised, either from the lymph-nodes or 
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metastasis in different part of the eye (Table 4.3). The most frequent CNAs among 

13 samples in the primary conjunctival group showed clear less genome instability. 

The most common oncogenic mutations among the primary samples were 60% 

(3/5) BRAF, 50% (1/2) NRAS and 38% (3/8) TERT mutations. 

 

However, the highest frequency of CNAs observed among the eight metastatic 

ConM samples, shows clear genome instability which include recurrent gains of 

1q, 6p and 7q, 11q, and losses of 3q, 5p, 6q, 9p, 10, 11q, 12q and 16q, (Figure 

4.15). The most relevant mutations correlated with metastasis cases were 40% 

(2/5) BRAF and 50% (1/2) NRAS and 63% (5/8) TERT mutations. The statistical 

analysis was not practicable due to the small size of metastatic ConM samples and 

some of these samples were paired. The common aberrations detected among the 

metastatic ConM tumours therefore, require further corroboration in a larger cohort 

of ConMs with more comprehensive clinical and follow-up information. Such a 

study would establish whether the genetic changes identified here are important 

factors in the pathology of ConMs and thus whether they could be used to identify 

ConM patients at high risk of metastatic spread.     
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             CHAPTER FIVE  
 
 
 
 
 
 
 
 

Confirmation of the significance of candidate 
genes by Nexus-Software and further 

exploration using Immunohistochemistry 
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5.1 Introduction  

 

Among cancers in general, amplification of oncogenes and/or deletion of tumour 

suppressor genes are common aberrations linked to tumour progression. Some of 

these have been shown to be recurrent and accumulating, and might cause cancer 

phenotypes, resulting in the formation of recurrent somatic copy number 

aberrations (SCNA) (Hanahan and Weinberg, 2011). Investigation of recurrent 

SCNAs can help in identification of genes with roles in tumour development and 

even recommended novel therapeutic lines in different type of cancers, such as 

lung cancer (Chitale et al., 2009), ovarian cancer (Eder et al., 2005), and 

glioblastoma (Wiedemeyer et al., 2008). Across the whole genome, in virtually all 

cancer types, the most recurrent SCNAs (losses or gains) either affect the whole 

chromosome arm (Arm-level) or very short genomic regions (focal) (Beroukhim et 

al., 2010). Most of the cancer genome around 10% is caused by focal SCNAs, and 

they are also far more possible to occur with high amplitude (homozygous 

amplification deletion), in contrast to the whole arm events (Beroukhim et al., 

2010). 

 

Focal SCNAs, therefore, would be statistically more likely to target specific genes 

and, from a research viewpoint the smaller and clearer the region, the easier it is 

to realize the identification of target genes (Beroukhim et al., 2010). Due to the 

genetic instability seen in majority of cancers, there are likely to be large number 

of focal usually SCNAs, with the majority of these being random so-called 

passenger aberrations that have no functional role. It is therefore important to 

distinguish these from the driver SCNAs which are important because they 

contribute to the cancer phenotype (Beroukhim et al., 2010). This chapter therefore 

reports the design of a high-resolution oligonucleotide array-CGH technique to 

resolve the difficulty of identifying recurrent focal SCNAs, especially for those that 

are small and that therefore might have been missed by previous studies when 

using lower resolution techniques such as chromosomal CGH, spectral 

karyotyping, or even BAC arrays. 
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Analysing array-CGH data in combination with the Nexus software tool provides a 

validated shortlist of candidate genes on different chromosomes, through a 

combination of approaches to survey the measurable probability that SCNA were 

non-random events. Therefore, genes influenced eventually by these non-random 

SCNA represented a shortlist of candidate ‘driver’ genes, that can be examined 

further for potential relevance on the basis of their biological significance. The 

overview for the identification of candidate genes is summarised in Figure 5.1, and 

in the subsequent sections the methodology is explained in more depth. The basis 

of array-CGH aberration calling algorithms has been previously discussed in 

chapter 2 (section 2.3.6). Evidence that amplification or deletion of possible 

candidate genes might contribute to the acquisition of any of the hallmarks of 

cancer was assessed by Hanahan et al. (2011) and this was used to compile a 

final list of candidate genes (Hanahan and Weinberg, 2011). This allowed us to 

pay special attention to gains or losses of individual genes and pathways that might 

have a significant role in DNA damage responses and the conservation of genomic 

integrity, and this could provide perceptions into the mechanisms for genomic 

instability in ConM.  

 

In the previous chapter, array-CGH was used in combination with the Nexus 

software tool to analyse the genetic alterations of ConM melanoma, and their 

genomic profile was compiled using Agilent software (ADM2 algorithm) and then 

confirmed by means of a different algorithm, FASST2 (Nexus). As a result, 

potential candidate genes are areas of interest were identified. In this chapter, 

FASST2 Nexus software was used to further explore and confirm candidate genes 

that had already been detected by Agilent software across the set of ConM, as 

potentially acting as drivers and influencing patient outcomes, selecting the most 

common candidate genes and confirming their protein expression by using 

immunohistochemistry (IHC).   
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Figure 5.1: Summary of work-flow chart for array-CGH data analysis and 

short list of candidate gene identification.  
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5.2 Results 

 

5.2.1 Identification of common focal SCNA 

 

A similar approach to Beroukhim et al. (2010) was adopted, whereby larger size 

SCNA of 5Mb or more (including whole arm events) were considered generally as 

gains or losses. Consequently, these larger SCNA events were differentiated from 

focal SCNA with a median length (1.8 Mb) which were introduced as amplifications 

and deletions (Beroukhim et al., 2010). By using a stacking algorithm, all SCNA 

recognised within genomic regions in an appropriate set of ConM cases were 

stacked over each other to create a frequency plot, as illustrated in figure 5.2. The 

common focal SCNAs can be identified as the minimal common region (MCR) of 

overlap to be recognized among the SCNA covering that locus. This region is most 

likely to be statistically significant in term of having targeted genes, where the 

threshold frequency of focal SCNA was reduce to 20% to increase the sensitivity 

of the data analysis (Beroukhim et al., 2010).  
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Figure 5.2: Frequency Plot and Stacked SCNA from Individual ConM Cases. 

Illustrated example of a Minimal Common Region (MCR) where the upper panel displays 

the chromosomal region (9p21) and its approximate size and the middle panel displays 

the frequency plot of alterations plotted as percentages alongside the y-axis. Blue shading 

above the zero line represents amplification frequency and red shading under the zero 

line represents deletion frequency, while the horizontal lines in the bottom panel indicate 

individual samples. The MCR is the minimum region that is occurs in all the affected 

samples (represented by the small arrow). The whole region of common aberration 

(indicated by the double spotted arrow) usually occurs with a higher frequency than the 

threshold of 20% (represented by the yellow arrows).�All SCNAs are modified using the 

FASST2 algorithm.  
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5.2.2 Significance Testing of Common recurrent CNAs regions  

 

5.2.2.1 Common Aberration Analyses 

 

Both GISTIC and STAC algorithm tools were used to evaluate the most common 

focal copy number alterations among a set of ConM cases where the high 

frequency of aberrant regions in the genome was detected to be statistically 

significant. These methods are built into the Nexus Software (Biodiscovery®) to 

detect the potential driver alterations depending on their frequency of appearance, 

using the SCNAs which had already been detected by means of the FASST2 

algorithm. Both tools operate different statistical approaches as summarized in 

table 5.1, making the overall strategy for the data analysis more robust (Rueda et 

al., 2013). 

 

5.2.2.1.1 Genomic Identification of Significant Targets in Cancer (GISTIC)  

 

GISTIC is a very useful method developed at the Broad Institute by Beroukhim et 

al. (2007) to identify regions that are significantly gained or lost across a set of 

samples. GISTIC detects significant aberrations by two main steps. Firstly, it 

determines a statistical region using the ‘G score’, which includes both the 

frequency of occurrence and the amplitude of the aberration. Secondly, it assesses 

the statistical significance of each aberration by comparing the observed statistic 

to the results that would occur by chance, using a permutation test that is based 

on the overall pattern of aberrations observed across the genome. The method 

accounts for multiple sample testing using the false discovery rate (FDR) 

correction and assigns a q value for that region. For each significant region, the 

method defines a peak region with the greatest frequency and amplitude of 

aberration. GISTIC results are highly sensitive in term of identifying lower 

frequency significant regions (Beroukhim et al., 2007).  

 
5.2.2.1.2 Significance Testing for Aberrant Copy Number (STAC)  

 

The STAC algorithm was developed by Diskin et al. (2006) and is used to detect 

the statistical significance of aberrations amongst a set of tumour samples that   
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are stacked on top of each other, such that the aberration would not appear 

randomly across multiple array experiments. The algorithm uses the permutations 

of SCNAs in each chromosomal arm, to define how likely it is for each SCNA to 

appears at any given location with a certain frequency, using a p-value with a cut-

off of 0.05. This highlights the common aberrant regions that have a higher 

frequency than that of aberrations occurring by chance (Diskin et al., 2006).  

 

Table 5.1: Illustrates the comparison between the STAC and GISTIC algorithms 

kindly supplied by Dr. A. Salawu.  

 

 
 
The GISTIC and STAC statistical methods created a validated shortlist of 

candidate genes, which were then assessed individually for biological function and 

their association with cancer by using the Atlas of Genetics and Cytogenetics in 

Oncology and Hematology (http://AtlasGeneticsOncology.org).    

The functional evaluation of the detected genes was based on the potential 

functional implication in numerous cancer types and their role in the acquisition of 

cancer hallmarks.  
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In the previous chapter, the study has demonstrated patterns of chromosomal 

amplifications and deletions, some of which are common to both ConM and CM, 

but, different from their counterpart UM. Agilent software was used to identify some 

non-random focal amplifications and deletions in loci known to harbour critical 

cancer genes, including homozygous deletions in 33% of CDKN2A and 29% of 

PTEN and TERT promoter (Table 4.2). In this chapter, FASST2 Nexus software 

was used to identify the most statistically significant candidate genes across the 

set of ConM tumour samples with aim of confirming the results seen with the 

Agilent software. Due to the small number of samples which may have influenced 

our findings, the STAC algorithm only called the significant peaks which does not 

include longer extended regions. Since these reigns may include some of the 

driver candidate genes that we are interested in, the list of candidate genes was 

generated after applying the GISTIC algorithm only. This algorithm can indicate 

peak and extended regions and is very sensitive at capturing lower frequency 

significant regions. The threshold was therefore reduced to 0.25 to best capture 

the results, as shown in figure 5.3.
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Figure 5.3: Statistically significant common genomic CNAs amongst ConM cases detected by using the GISTIC algorithm. Commonly 

aberrant regions are plotted along the x-axis as a function of their chromosomal position and their q-values are plotted on the y-axis where the highest 

bars represent most significant genomic regions. Blue bars represent commonly amplified regions and red bars represent commonly deleted regions. 

Genomic regions with G-score > 10 and q-values > 0.05 are considered significant and are represented by the shaded grey area. These regions 

contain the important candidate genes. The FASST2 algorithm was used to call alterations in individual samples.
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5.2.3 The most statistically significant focal SCNAs 

 

5.2.3.1 CDKN2A gene    

 

The commonly deleted region of 9p among ConM cases extends from 9p21–9p23, 

and the most relevant focal SCNA was located on chromosome 9p21.3 locus. It is 

in this region that the Cyclin-dependent kinase inhibitor 2A (CDKN2A) is located, 

the first gene to be associated with melanoma susceptibility (Cannon-Albright et 

al., 1992). CDKN2A is commonly expressed in many tissues and cell types and is 

involved in regulating the cell cycle (Hussussian et al., 1994, Kamb et al., 1994). 

The gene encodes two tumor suppressor proteins, including p16INK4A and 

p14ARF. In the current study, 33% (7 of 21) of CDKN2A copy number loss were 

identified as the most significant focal deletions among ConM cases (Figure 5.4).  
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Figure 5.4: Frequency plot of SCNAs affecting the CDKN2A gene locus. The array-CGH data was analysed by applying the GISTIC algorithm 

to identify regions of copy number alterations that might have candidate genes. Where the most common alterations regions are plotted along the x-

axis against their chromosomal locations, and the q values are plotted on the y-axis, where the most significant commonly deleted genomic regions 

among ConM cases are indicated by the highest red bars. Statistically significant genomic regions with a maximal G-score and minimal q-value (10 

and 0.25 respectively) are identified in grey and that cover the most important genes in this region, where the red circle shows the CDKN2A gene 

located at 9p21.3. The FASSTS algorithm was used to call alterations in individual samples.

CDKN2A 
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5.2.3.2 TERT gene   

 

Another clearly significant aberration region among ConM samples was the 

deleted region of 5p, where the most relevant focal SCNAs were located on 

chromosome 5p15.33 locus. It is in this region that the TERT gene is located. This 

gene encodes the catalytic reverse transcriptase subunit of telomerase, which is 

part of the ribonucleoprotein complex (Dwyer et al., 2007). In the present study, 

the TERT gene was found to be the most statistically significant region in 42% (9 

of 21) of ConM samples according to the GISTIC algorithm, as figure 5.5 

elucidates.  
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Figure 5.5: Frequency plot of SCNAs affecting the TERT gene locus. The array-CGH data was analysed by applying the GISTIC algorithm to 

identify regions of copy number alterations that might have candidate genes. The common alterations regions are plotted along the x-axis against 

their chromosomal positions, and the q values are plotted on the y-axis, while the most significant commonly identify genomic regions among ConM 

cases are indicated by the highest red bars. Statistically significant genomic regions with maximal G-score and minimal q-value (10 and 0.25 

respectively) are identified in grey and contain the most important genes in this region, while the red circle represents the TERT gene that located at 

5p15.33. The FASSTS algorithm was used to call alterations in individual samples.

TERT  



		 152	

5.2.3.3 Other significant candidate genes  

 

For most ConM cases where amplifications of 6p were found the whole arm was 

affected. The most relevant focal SCNA was located on chromosome 6p25 locus 

and, in this region, there were a number of candidate genes identified (Table 5.2). 

RREB1(Ras responsive element binding protein 1) gene was   also found by 

GISTIC. This gene has been previously reported in ConM using the FISH 

technique (Busam et al., 2010, Mudhar et al., 2013). The protein encoded by this 

gene is a zinc finger transcription factor that binds to RAS-responsive elements 

(RREs) of gene promoters. It has been shown that the calcitonin gene promoter 

contains an RRE and that the encoded protein binds there and increases 

expression of calcitonin, which may be involved in Ras/Raf-mediated cell 

differentiation. Although, multiple transcript variants encoding several different 

isoforms have been found for this gene (Thiagalingam et al., 1996), little is known 

about the expression of RREB1 isoforms in cell lines or in human tumours, or 

indeed about the clinical relevance of the altered gene expression of RREB1 (Nitz 

et al., 2011). Another significant aberration region among the ConM samples was 

clear amplifications of 1q, with the most relevant focal SCNA in this region begin 

located on chromosome 1q22 locus. The candidate genes found in this region are 

listed in table 5.2. The current findings propose that although the focal 

amplifications affecting chromosome 1q and 6p target a large and gene dense 

region, several tumour suppressor genes are statistically relevant. Further studies 

are required to clarify the role of these genes in ConM since they may support the 

tumorigenesis and thus may assist in qualifying prognosis of patients.  
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Table 5.2: List of significant candidate genes located on 6p25. 

Gene symbol start End  Biological process Molecular function  
 
RREB1 
(ras 
responsive 
element 
binding 
protein 1) 

 
7107829 

 
7252213 

 
Ras protein signal transduction, multicellular organism 
development, negative regulation of lamellilodium 
morphogenesis, positive regulation of mammary gland 
epithelial cell proliferation, positive regulation of wound 
healing, regulation of transcription.  

 
RNA polymerase II core promoter 
sequence-specific DNA binding, metal 
ion binding, transcription factor activity; 
sequence-specific DNA binding 
 

 
Y_RNA 

 
7187814 

 
7187919 

 
IRE1-mediated unfolded protein response, 
cotranslational protein targeting to membrane, positive 
regulation of cell proliferation 
 
 

 

 
RIOK1 
(RIO kinase 1) 

 
7390061 

 
7418270 

 
protein phosphorylation, rRNA processing 

 
ATP binding, metal ion binding, protein 
serine/threonine kinase activity 

 
SSR1 
(signal 
sequence 
receptor 
subunit 1) 

 
7281375 

 
7313547 

 
 

 

 



		 154	

Table 5.3: List of significant candidate genes located on 1q22. 
 
Gene symbol 
and name 

start End  Length     Biological process     Molecular function  

  
RXFP4 
(relaxin/insulin like 
family peptide 
receptor 4) 

  
155911479 

  
155912625 

 
1147 

   
Adenylate cyclase-modulating G-protein 
coupled receptor signaling pathway, 
neuropeptide signaling pathway, 
phospholipase C-activating G-protein 
coupled receptor signaling pathway, 
positive regulation of feeding behavior 
 

 
Galanin receptor activity, protein binding 

 
ARHGEF2 
(Rho/Rac guanine 
nucleotide 
exchange factor 2) 

 
155916629 

 
155959864  

 
43236 

 
Actin filament organization, cell division, 
cell morphogenesis, cellular hyperosmotic 
response, cellular response to muramyl 
dipeptide, cellular response to tumor 
necrosis factor, establishment of mitotic 
spindle orientation, innate immune 
response,   

 
Rac/Rho GTPase binding, Rac/Rho guanyl-nucleotide 
exchange factor. Rho guanyl-nucleotide exchange factor 
activity, guanyl-nucleotide exchange factor activity, 
microtubule binding, protein binding, transcription factor 
binding, zinc ion binding 

 
SSR2 
(signal sequence 
receptor subunit 2 

  
155978838 

  
155990758 

 
11921 

  
Cotranslational protein targeting to 
membrane 

 
ATP binding, metal ion binding, protein serine/threonine 
kinase activity 

 
UBQLN4 
(Ubiquilin 4) 

 
156005084 

 
156023616 

 
18533 

 
Autophagy, negative regulation of auto-
phagosome maturation, regulation of 
proteasomal ubiquitin-dependent protein 
catabolic process 

 
identical protein binding, polyubiquitin binding, protein 
binding 

 
RAB25 
(A member of RAS 
oncogene family) 

 
156030939 

 
156040305 

 
9367 

 
Epithelial cell morphogenesis, positive 
regulation of cell proliferation, positive 
regulation of epithelial cell migration, 
protein transport, pseudopodium 
organization, regulation of vesicle-
mediated transport 

 
GTP binding, GTPase activity, myosin V binding, protein 
binding 
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5.2.4 Assessment of protein expression by Immunohistochemistery 
 

IHC is a relatively cheap and easy to achieve technique that could be adaptable to 

the classification of ConM tumours. In this study, cases were chosen based on the 

ConM tissues provided for IHC by Dr. Hardeep.   Due to lack of time and resource, 

however, it was not possible to increase the sample numbers. IHC analysis 

therefore, was achieved to evaluate the protein expression on 14 sections of 

ConM, some of which were known from previous array-CGH analysis to have 

deletions in CDKN2A and TERT. 5μm-thick tissue sections that carried out in this 

IHC were pre-treated firstly with potassium permanganate/oxalic acid melanin 

bleaching to remove the melanin before incubating them with primary antibody. 

Mouse monoclonal antibody was created against specific 1-156 amino acid 

fragments for CDKN2A and rabbit polyclonal antibody was created against 1120-

1132 amino acid fragments for TERT.  

 

5.2.4.1 Evaluation of staining  
 

The experiment was visualised using the DAB colorimetric system to identify the 

positive protein expression (brown staining) with haematoxylin as a counter stain 

(blue staining). The immuno-stained sections were assessed at 200X 

magnification, and the results categorized as positive or negative for CDKN2A and 

TERT expression based on cytoplasmic or nuclear staining in tumour cells. The 

positives were recorded as either weak, moderate or strong based on the intensity 

of the stain shown in the tumour. All the immune-staining sections were evaluated 

using Allred et al.’s (1998) scoring system. This scoring system gives a statistical 

significance to both the overall stain intensity and the staining pattern, with the two 

values are simply added together to produce the final Allred score (Allred et al., 

1998, Harvey et al., 1999).  
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The proportion score (PS) was assessed from 0-5 based on distribution of the 

stained cells whereas the intensity score (IS) was measured based on a four-point 

system: 0, 1, 2 and 3 representing none, light, medium, or dark, respectively. Then, 

the sum between PS and IS would act to give the total Allred score which can vary 

between 0 and 8. The details of all ConM sections that used in the present study 

were scored as coded samples so that there was no information on the genetic 

changes for each section. The results were assessed by three an independent 

observer Dr. Hardeep, Mohammed Alfawaz and Shamsa Ihmed. The results of the 

IHC for all ConM sections are summarised in Table 5.1. Due to time constraints, 

the IHC experiment in this study was conducted simply to assess the preliminary 

protein expression of CDKN2A and TERT only.   

 

5.2.4.2 CDKN2A protein expression  

 

Normal colon tissue obtained from the histopathology laboratory was used as a 

positive control as it has physiological CDKN2A expression with cells showing 

moderate to strong positive nuclear and cytoplasmic staining (Figure 5.6A). 

Negative controls of the same normal colon tissue with the antibody omitted were 

established with every stained section. These only displayed blue haematoxylin 

counter-stain (Figure 5.6B). In the ConM sections, the stain was mainly noticed in 

cytoplasmic areas in positive tumour cells (Figure 5.6C). Some cases showed 

weak to mild cytoplasmic and nuclear stains (Figure 5.6D). The CDKN2A protein 

was clearly expressed in most of the FFPE ConM sections and this comparable to 

what was seen in the positive controls, but in some sections CDKN2A antibody 

was still expressed in the tissue with a weak to mild cytoplasmic stain (Table 5.4). 

The finding indicated that some cases of ConM that were shown to have deletions 

of CDKN2A by Nexus software correlate often with IHC results showing some 

weak to mild CDKN2A protein expression.  
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200X Magnification                             400X Magnification  
 
 Figure 5.6: Evaluation of CDKN2A protein expression in ConM samples using IHC. 

A) a colon FFPE section obtained from a Histopathology laboratory used as positive 

control and immune-stained with CDKN2A antibody showing a moderate to strong 

cytoplasmic and nuclear stain (brown) with blue haematoxylin as counter stain, where the 

left images were capture at 200X magnification and the right images were captured at 

400X from the original orange square. B) Negative control of the same normal colon tissue 

with omitted antibody showing only haematoxylin counter stain. C) Representative FFPE 

section of ConM stained with CDKN2A antibody (brown) and classified as a moderate 

cytoplasmic and nuclear stain. D) Mild intensity positive nuclear staining highlighted by the 

black arrow.�Images for A, B, C, D were captured from a Qupath viewer after scanning 

them from a panoramic digital slide scanner (3D HISTECH, Ltd, UK). 
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5.2.4.3 TERT protein expression  

 

IHC analysis for the TERT protein was achieved to evaluate its expression in ConM 

tissues. Normal FFPE tonsil tissue was used as a positive control with 

physiological TERT expression obtained from the histopathology laboratory. The 

cells in the positive control section displayed mild to moderate positive cytoplasmic 

staining (Figure 5.7A). The observed IHC staining patterns for the ConM tissues 

are seen in Figure 5.7C, showing that TERT was mainly expressed in the 

cytoplasm of positive ConM cases. Although a specific stain was detected in the 

cytoplasm of the positive control in the normal tonsil tissues, the ConM tissue was 

often expressed as a mild to moderate cytoplasmic stain in the ConM cases. The 

IHC finding showed that TERT expression was weak in some of the cases (Figure 

5.7D). The previous result from Nexus software shows that 42% (9 of 21) had a 

loss of 5p15 where the TERT gene was located and seven of these cases had 

mutations in the promoter region of TERT. Some of these cases with mutations 

were found to showed weak to moderate TERT expression by IHC (Table 5.4). It 

was challenging to assess the expression of TERT protein due to the high 

concentration recommended, Therefore, if time had allowed, the run would have 

been repeated to find the best result.   
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X200 Magnification                             X400 Magnification  
 

Figure 5.7: Evaluation of TERT protein expression in ConM samples using IHC. 

A) Tonsil FFPE section obtained from Histopathology laboratory used as positive control 

and immune-stained with TERT antibody, showing a mild to moderate cytoplasmic stain 

(brown). The left images were captured at X200 magnification and the right images were 

capture at X400 from the original orange square. B) Negative control of the same normal 

tonsil tissue with the antibody omitted, showing only cytoplasmic staining with 

haematoxylin counter stain. C) Representative FFPE section of ConM stained with TERT 

antibody (brown) and classified as a mild to moderate cytoplasmic stain. D) Low 

expression of TERT in ConM tissue represented a negative IHC reaction as an internal 

control. Images for A, B, C, D were captured from a Qupath viewer after scanning them 

from a panoramic digital slide scanner (3D HISTECH, Ltd, UK). 
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Table 5.4: Allred scoring system for CDKN2A and TERT antibodies. 

Case 
code         Anti-CDKN2A           Anti-TERT   

  IS PS ATS IS PS ATS 

  Cyto/N Cyto/N   Cyto/N Cyto/N   

Positive 
control  3/2 5/5   8/7  2/1  4/3  7/4 

Negative 
control   0  0  0  0  0  0 

ConM 1a  1/2  2/4  3/6  1/0  2/1  3/1 

ConM 1b  2/2  4/4  6/6  2/2  3/2  5/4 

ConM 2a  1/3  5/5  6/8  1/2  4/2  5/4 

ConM 3a  2/2  4/4  6/6  2/1  3/4  5/5 

ConM 3b  1/2  3/5  4/7  1/0  2/0  3/0 

ConM 5  1/3  5/5  6/8  2/1  4/1  6/2 

ConM 6  3/2  5/5  8/7  2/2  5/2  7/4 

ConM 7  1/4  2/4  3/8  2/2  5/3  7/5 

ConM 9  3/2  4/4  7/7  2/1  3/1  5/2 

ConM 10  1/3  3/5  4/8  2/1  4/1  6/2 

ConM 11  1/2  2/4  3/6  2/1  3/2  5/3 

ConM 12  2/3  3/5  5/8  2/2  5/4  7/6 

ConM 13  1/2  5/5  6/7  1/0  4/0  5/0 

ConM 14  1/2  1/2  5/5  1/0  5/0  6/0 
 

Cy= Cytoplasmic  

N= Nuclear stain  

Allred Scored System:  

IS= Intensity Score (0-4) 

0= Negative stain 1= Weak 2= Mild 3= Moderate  4= Strong  

PS = Proportion Score (0-5) 

0= No stain 1= 1/100 cells stained 2 = 1/10 cells stained   

3= 1/3 cells stained  4= 2/3 cells stained     5= All cells stained  

ATS= Allred Total Score, Sum of (PI+SI).  

The number on the left signifies the cytoplasmic stained and the number on right 

signifies the nuclear stained cells.��

�
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5.3 Discussion  
 

5.3.1 Most statistically significant candidate genes  

 

All the SCNAs recognised within genomic regions were stacked over each other 

to create a frequency plot (Figure 5.2). The common focal SCNAs were identified 

as the minimal common region (MCR) of overlap to be identified amongst the 

SCNA covering that locus. This region was found to have statistically significant 

targeted genes. The small number of the samples caused a problem when we 

analysed the samples by STAC; specifically, that the list of driver candidate genes 

did not include the genes that we were interested in. This was because the STAC 

algorithm only indicates the significant peaks and did not call the longer extended 

regions that might include genes of interest in ConM tumours. The GISTIC 

algorithm was therefore applied on its own to indicate the peak and extended 

region. The threshold was reduced to 0.25 in order to capture the results better, 

since this algorithm is very sensitive at capturing lower frequency significant 

regions. Two genes were represented in this study, with the functional analysis 

showing that deletion of CDKN2A and TERT could possibly be related to the 

tumour progression.  

 

In the current study, the GISTIC algorithm revealed that the CDKN2A gene was 

found to be the most relevant focal SCNA in 33% of ConM samples (Figure 5.4). 

This verifies the result seen when Agilent software was used (Chapter 4). These 

findings are in agreement with previous studies showing that loss of CDKN2A 

occurs in approximately 50% of melanoma cases (Curtin et al., 2005).  Loss of 

function of CDKN2A due to either a deletion or mutation and/or promoter 

methylation, leads to uncontrolled cell proliferation that may cause neoplastic 

transformation (Shima et al., 2011). The gene is well-known as a tumour 

suppressor gene because it is often mutated and deleted in different types of 

cancer. Moreover, this mutation is the most frequent genetic event underlying 

familial melanoma susceptibility and has been documented in the germline of 8%-

57% of familial melanoma cases (Eliason et al., 2006, Bishop et al., 2007). It is 

also found to be a frequently affected tumour suppressor gene in 50-80% of 

sporadic melanoma (Bastian et al., 1998, Curtin et al., 2005, Gast et al., 2010). 
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Although, carrying a germline mutation in the CDKN2A gene is the strongest 

known inherited risk factor for CM (Helgadottir and Höiom, 2016), these germline 

mutations are very rare in UM (Buecher et al., 2010, Harbour, 2012). 

 

The next significant aberration region among ConM samples was the deleted 

region of 5p, where the most relevant focal SCNA was located on chromosome 

5p15.33 locus, which is where the TERT gene was located. This gene was first 

discovered at a high frequency in CM (Horn et al., 2013, Huang et al., 2013b) and 

later has been recognised at various frequencies in a number of other types of 

human cancer (Huang et al., 2013b, Killela et al., 2013b, Vinagre et al., 2013, 

Hosler et al., 2015). In the present study, the GISTIC algorithm, revealed that 

TERT gene was the most statistically significant region in 42% of cases (Figure 

5.5). This finding correlated with most of the cases that have TERT mutations 

(Table 4.1). The other focal SCNAs that have been found previously by Agilent 

such as PTEN, KIT and CCND1 were not detected by the GISTIC algorithm. While 

the reason for this is not entirely clear, it might be due to the small size of ConM 

samples. The RREB1 gene was also one of the most statistically significant genes 

found by GISTIC (Table 5.2). This gene has been previously reported in ConM by 

using FISH (Busam et al., 2010, Mudhar et al., 2013). Little is known about the 

expression of RREB1 isoforms in cell lines or human tumours, however, or about 

the clinical relevance of the latter (Nitz et al., 2011). Another significant aberration 

region among ConM cases was amplifications of 1q. In this case, the most relevant 

focal SCNA was located on chromosome 1q22 locus (Table 5.3). These findings 

recommend that although the focal amplifications affecting chromosome 1q and 

6p target a large and gene dense region, numerous tumour suppressor genes are 

statistically relevant. Therefore, further investigations are needed to clarify the 

function of these genes in ConM and to determine if they could support the 

tumorigenesis of this condition.
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5.3.2 Assessment of protein expression by IHC  

 

The 17 FFPE ConM samples that have been analysed previously by array-CGH 

were selected for IHC in order to study the expression of the selected genes and 

to correlate them to the array/Nexus data. Two target genes were identified in this 

study, and the IHC shows that CDKN2A and TERT protein expression may be 

involved in the tumour progression. IHC was carried out as a useful way to assess 

ConM tissue and to detect the expression of these genes, and it is an excellent 

procedure to show the location of protein inside the examined tissue.  

 

The CDKN2A gene was one of the candidate genes whose protein expression 

studied in ConM tissue. The gene encodes two tumour suppressor proteins 

including p16INK4A and p14ARF. Both proteins have anti-proliferative biological 

activity that is involved in the retinoblastoma protein (Rb) and p53 pathways. These 

proteins and their interactions play an important role in understanding the crucial 

points of tumor suppression (Serrano, 1997, Weber et al., 2000, Pei and Xiong, 

2005). The p16INK4A controls the cell cycle by negatively regulated the cyclin-

dependent kinases (CDK 4 and 6) by blocking phosphorylation of the Rb (Ortega 

et al., 2002). Phosphorylation of Rb leads to release of the E2F transcription factor, 

permitting the cell cycle to carry on from G1 to S stage (Eliason et al., 2006). The 

other protein, however, p14ARF however, has negative regulatory control on 

growth as it acts to stabilise p53. Once p53 is activated, it interacts with various 

downstream targets that can arrest cyclin-dependent kinases at the G1 and G2 

checkpoints and also initiates apoptosis  (Robertson and Jones, 1999, McWilliams 

et al., 2011). The CDKN2A protein has also been involved in many biological 

processes, such as cell invasion, apoptosis and angiogenesis, and these activities 

could be correlated to its overexpression in cancer. Their expression is well-

organised in cellular senescence, and increases markedly with aging in some 

human tissues (Collado et al., 2007, Shima et al., 2011). The expression of 

CDKN2A has been assessed in various types of cancer with different results, 

ranging from clear overexpression to its loss (Schneider-Stock et al., 2005, Angiero 

et al., 2008, Buajeeb et al., 2009, Ayhan et al., 2010). CDKN2A overexpression 

has been detected at the invasive front of endometrial, colorectal and basal cell 

carcinoma (Jung et al., 2001, Svensson et al., 2003, Horree et al., 2007). 
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Furthermore, CDKN2A expression was mainly cytoplasmic and has been 

correlated with tumour progression and prognosis in some types of cancer. For 

instance, in breast cancer, the overexpression of CDKN2A was preferentially 

limited to the nucleus in fibro-adenoma and mainly to the cytoplasm in carcinoma 

and has been significantly correlated with poor prognostic factors, such as high 

grade and damaging oestrogen receptor status (Milde-Langosch et al., 2001). In 

addition, overexpression of CDKN2A in colorectal cancer has been linked with 

strong nuclear/cytoplasmic positivity in adenomas and primary or metastatic 

adenocarcinomas and this correlated with clinical features of poor prognosis such 

as sex, distal location and tumour stage (Dai et al., 2000, Zhao et al., 2006, Lam 

et al., 2008).  

 
CDKN2A antibody has been recommended as a prognostic marker in cutaneous  

melanocytic lesions (Gould Rothberg et al., 2009). Karim and colleagues have 

reported that CM, but not benign melanocytic lesions, display reduced nuclear p16 

expression compared to nevi, which showed a higher expression of p16  (Karim et 

al., 2009). Similarly, Zoroquiain et al. (2012) also reported that p16 seems to be a 

promising marker to distinguish between conjunctival nevi and PAM with atypia 

arising from ConM (Zoroquiain et al., 2012). They found that p16 expression is 

similar in ConM and CM, but different in other conjunctival melanocytic lesions in 

that cases of melanoma showed weaker p16 expression than all the other 

melanocytic lesions of the conjunctiva (Zoroquiain et al., 2012).  

 

In this study, the IHC results reveal that CDKN2A antibody was mainly expressed 

in the cytoplasm, and to some extent in the nucleus of ConM cells as illustrated in 

(figure 5.6 C and D). The results of CDKN2A protein expression in ConM tumors 

are in concordance with previously reported studies that some cases showed weak 

to moderate CDKN2A expression. Although the sample size was limited, this study 

serves as proof of concept that results were generally in line with what would be 

expected from the deletions of the relevant genes detected by Nexus Software. 

Additional studies with a large set of samples are therefore required to verify these 

findings. 

 

 



	 167	

The TERT gene was the next candidate gene that studied for its protein expression 

among ConM cases. Telomerase is a ribonucleoprotein polymerase which 

supports telomere ends by addition of the telomere repeat TTAGGG. The enzyme 

contains of a protein element with reverse transcriptase activity, encoded by this 

gene. TERT expression is strongly regulated and developed during early 

embryonic growth but remains suppressed in most adult human somatic cells. 

Conversely, TERT is actively expressed in self-renewing cells such as stem cells 

(Blasco, 2005). TERT overexpression and telomere dysfunction has been 

identified in various human cancers, including thyroid cancer, bladder cancer, and 

brain tumours (Xing et al., 2014, Li et al., 2015, Yang et al., 2016). This TERT 

overexpression has been noticed in up to 90% of cancer cells, in contrast to <20% 

of normal cells (Kim et al., 1994). Li et al. (2015) reported in their study of bladder 

cancer that patients with high expression of TERT had significantly worse 

prognosis than patients with weak expression (Li et al., 2015). The protein 

expression of TERT in CM is still not well described, however, Zygouris et al. 

(2007) found that TERT protein expression was associated with tumour thickness 

and ulceration, whereas Populo et al. (2014) reported that TERT expression was 

cytoplasmic and nuclear in 98% of CM but found no difference in TERT expression 

levels between tumours with and without TERT promoter mutations (Populo et al., 

2014). In addition, a recent study done by Hugdahl et al. (2018) on a large series 

of primary and metastasis CM shows that TERT expression was mainly 

cytoplasmic and usually homogenous, and that variations in staining intensity 

between tumour areas were hard to distinguish. They reported that TERT 

expression was positive in 44% of primary melanomas and 16% of metastatic 

melanomas, but found that there was no correlation between increased TERT 

protein expression and TERT mutations (Hugdahl et al., 2018).  

 

No previous studies have documented the TERT expression on conjunctival 

melanocytic lesion and their correlation with pathological finding or TERT 

mutations. In the current study, TERT protein was mainly expressed in the 

cytoplasm of positive ConM tissues and the cells displayed mild to moderate cell 

stain (Figure 5.7C) whereas TERT expression was weak in some of the other 

samples. The sample that shows weak TERT expression (Figure 5.7D) is quite 

similar to the negative TERT expression sample that created by Hugdahl et al. 
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(2018) in their study of primary CM (Hugdahl et al., 2018). The IHC results 

regarding TERT expression were in line with what would be expected of SCNA 

analysis conducted by Nexus software. The samples that revealed a loss of 5p and 

had mutations in the TERT promoter were in agreement with some samples that 

showed weak to mild TERT protein expression. Overall, the observations from this 

array CGH with IHC need further investigation on large sample, since the copy 

number, alterations are often correlated with gene expression.  
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  Figure 6.1: Outline of the approach used in this PhD study and the major finding in each section.   
     

     

          

         

                           
CHAPTER THREE: the aim of this chapter to perform tests on two short-term cultures and characterize them 
morphologically and to study their molecular and genetic profiles. However, the results showed that the cultures 
cells might be derived from normal stem cells population as the cells started to slow down to grow when reached 
passage 20. 

          
 
CHAPTER FOUR: The Array-CGH and standard PCR identified the most 
relevant genetic changes that associated with conjunctival melanoma and the 
finding were in agreement with several previous studies that shows the 
similarity to genetic alterations of CM but, distinctive from UM. 

          

         
CHAPTER FIVE: The most statically significant candidate genes that 
identified by Nexus Software were CDKN2A and TERT. The protein 
expression finding from IHC were liked to genes mutations and copy losses 
that identified previously in chapter 4. The result was often comparable in 
some cases to weak expressions, mutations and copy losses.   
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6.1 Final discussion  
 
6.1.1 Objective of this PhD study 

 

Ocular melanoma is the most common primary intraocular cancer of adults but 

although many studies have investigated the changes in UM, but there is 

insufficient information available to make similar comparisons for ConM. This 

biologic information is essential not only for understanding the pathophysiology of 

the disease progression, but also on account of its implications for therapy and 

for the enrolment of patients in clinical trials of new treatments. By using the early 

investigations, a clear association would possibly be made between certain 

chromosomal changes in ConM and the disease progression. Therefore, the main 

objective of this PhD study was to address two major issues. Firstly, to identify 

chromosomal changes that leading to amplifications and deletions among a series 

of ConM tumours and compared the finding with the other melanoma subtype 

such UM and CM. Secondly, to see if potential driver genes can be identified by 

array-CGH and correlate with the other finding from different approach such as 

standard PCR and/or IHC, which may lead to both an improved understanding of 

ConM metastasis and how to treat it.  A summary of the approach to molecular 

pathway identification used in this PhD study is outlined in Figure 6.1 above.  

 

6.1.2 Are there any early changes in Conjunctival melanoma? 

 

The past studies had little information about ConM cells in vitro  (Aubert et al., 

1993, Nareyeck et al., 2005, Keijser et al., 2007). This is because the tumour is so 

rare and hard to culture. However, if these cell lines had been developed and 

verified as being ConM then they would be useful models for looking at the impact 

of the driver genes, and for investigation of therapeutic options. The present study 

investigated the two short-term cultures in chapter 3, but the absence of multiple 

genetics changes (Figure 3. 8 and 3.9) and the lack of mutations (Figure 3.11), 

altogether the finding suggest that the culture had been developed from normal 

stem cell population that were contaminating the tumours, especially as the 

cultures ultimately started to senesce at around passage 20. The other possibility 

would be that as a cancer stem cell population they may yet have acquired 



	 172	

additional abnormalities such as those commonly reported to be associated with 

the ConM and found in this study.  There were some primary ConM samples that 

had none or very little changes by array-CGH such as those had 6p and 10q 

(Appendix 1), these samples may be originated from cancer stem cells or early 

progenitor cancer stem cells that had not acquired the other necessary genetic 

changes to take it further and may also indicate that these changes are the early 

drivers for ConM.  

    

6.1.3 Does the data from the array-CGH coexist with the finding of mutations and 

how does that related to IHC and clinical data?  

 

To find more strong investigation, all the clinical and genetic information available 

among ConM patients were reviewed involving those for which no clinical 

information was available (Appendix 1, 2 and 3). Initial 62% of ConM patients were 

identified as originally presenting with primary ConM. All these cases shared a 

genetic alteration of recurrent gains of 1q, 4q, 6p, 7q, 8q, 11q, 17q, 19p and 

recurrent loss of 3q, 5p, 6q, 9p, 10q,11q, 12q and 16q. However, the most CNAs 

observed in the eight 38% of metastatic ConM samples, were recurrent gains of 

1q, 6p and 7q, 11q, and losses of 3q, 5p, 6q, 9p, 10, 11q, 12q and 16q (Table 4.3, 

Figure 4.15). In term of clinical information or genetic alterations, there was no 

significant difference between the samples that metastases from either lymph node 

or metastases in different area within the eye. The age of the patients was range 

from 37-85 years old and that was in pattern similar to previous studies (Shields et 

al., 2000, Jovanovic et al., 2013, Kalirai et al., 2017).  Among ConM samples, there 

were 50% male and 64% female however, based on clinical information both 

genders usually presented with in-situ and invasive melanoma. Most of the CNAS 

identified between the both gender was gain of 1q,6p,7,8,11q and loss of 5p, 

9p,16q. In addition, it is essential to correlate genomic copy number aberrations to 

valid gene expression. This is because gene expression is highly complex and 

controlled by numerous genetic and epigenetic factors in addition to genomic copy 

number. Interestingly, detection of tumour suppressors genes such as CDKN2A 

and TERT among ConM and correlates the finding from the array-CGH and other 

approach such as PCR/IHC might help understand their role in the pathogenesis 

of ConM 



	 173	

Loss of 5p was detected by nexus software in 9 cases, where the region of TERT 

genes was found at 5p15 loci, seven of these cases carry oncogenic mutation of 

TERT promoter and from the clinical data most of these samples represented as 

in-transit metastasis and equal in both sex. Some of these cases had tumours 

thickness with more than 0.8mm which also indications of poor prognosis 

(Appendix 4). The protein expression of TERT genes clearly shows that some 

samples that have 5p deletion and mutation shows clear weak expression 

especially metastasis samples (Table 5.1). The data also shows that cases with 

TERT mutations had less genomic instability which considered to be more 

aggressive and might associated with poor prognosis compared to the cases that 

had wildtype which clearly shows more genomic instability (Figure 4.14).  

 

Losses of 9p including focal deletions of CDKN2A were also detected in seven 

cases most of them female and presented more with invasive melanoma. While 

the IHC finding were well-matched with common alterations that found by Nexus 

software, where the most statistically significant candidate driver gene was 

detected, further investigation is required to reveal the role of these genes in 

prognosis and metastasis. Overall, the study was limited in number but as a 

verification of concept study indicated that results were generally in agreement 

with the expected expression which correlated with the predicted finding by 

deletions of the relevant genes in some cases detected by Nexus Software. 

Therefore, it is very early to draw conclusions on the role of these genes and 

additional studies on larger series are required to verify these findings.  

 
6.1.4 Technical issue during this study  

There were limited number of fresh tissue available for use in this study. Therefore, 

the main limitation was the use of FFPE tumours, the DNA was not always suitable 

for analysis since it typically had inadequate quality (low yield and highly 

fragmented) because of the degradative effects of formalin (Srinivasan et al., 2002, 

van Beers et al., 2006). As this affected the type of methods which can be used 

for studying genetic or molecular changes such as high-resolution analysis of 

genomic copy number by array CGH (Wang et al., 2013). Therefore, to overcome 

this issue, whole-genomic amplification was conducted on some cases that had 
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low DNA yield by using Sigma’s GenomePlex Single Cell. Because of the 

challenging nature of the yield of DNA from FFPE for some cases repeated 

extractions were also required, in addition, the TERT primers proved particularly 

difficult to work with, and the working up of the TERT sequencing data proved 

particularly challenging and consequently restricted the time available to expand 

the analysis of the chosen genes by IHC. Finally, there were a number of reasons 

that limited the choice of what targets to take forward.  As time was limited it was 

decided that IHC would be the best approach to explore the findings. Antibodies 

were readily available for some targets and not others, which did restrict the 

additional studies. CDKN2A was chosen as a good comparison to both previous 

studies on ConM and also CM. As there is very little information on TERT in ConM, 

and tumours from this study had both deletions and mutations, TERT was 

therefore chosen as the first target.  Had time permitted the amplification of RREB1 

would also have been confirmed in additional tumours using FISH. 

 

6.1.5 Future Work    

It is important to correlate genomic copy number abnormalities to actual gene 

expression, more so in the context of molecular pathway abnormalities. This is 

because gene expression is highly complex and regulated by various genetic and 

epigenetic factors in addition to genomic copy number. Whole transcriptome 

analysis carried out on the same tumours would be ideal for correlation analysis.  

In addition, the explanations of this array-CGH with IHC need further investigation, 

since the copy number, alterations are often but not always correlated with gene 

expression. However, in spite of recent technological developments such analysis 

on old FFPE samples remains technically challenging. In addition, the common 

aberrations detected among the primary and metastatic ConM tumours also 

require further corroboration in a larger cohort of ConMs with more comprehensive 

clinical and follow-up information. Such a study would establish whether the 

genetic changes identified here are important factors in the pathology of ConMs 

and thus whether they could be used to identify ConM patients at high risk of 

metastatic spread Further steps to target even stronger pathogenic candidate’s 

genes which help overcome the limitation of sample size and add statistical power 

could be done by using technique such as next-generation exome or whole 

genome sequencing. 
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Appendix 1 
 
Table 1A: Summary of most copy number variations among conjunctival melanoma tumours used in this study.  
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Appendix 2 
 
Table 2A:  Summary of clinical information among FFPE conjunctival melanoma samples used in this study. 
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Appendix 3 
 
Table 3A:  Summary of clinical information among Frozen tissue conjunctival melanoma samples used in this study. 
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 Appendix 4 

 

    Table 4A: Relevance of TERT deletion, mutation and protein expression to conjunctival melanoma 
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Appendix 5 
 

 
 
 Figure 1A: Array-CGH ideograms of frozen tissue tumour of ConM (ConM 16) which 

have GNAQ mutation. This genomic view had some abnormalities affecting chromosomes 

3, 6 and 8 which is comparable to the genetic changes in UM.
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