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Abstract  

The study of human embryonic stem cells (hESCs) and cancer cells in vitro is useful 

for exploring the behaviour of cells employed in the development of regenerative 

medicine and clinical applications. Testis expressed 19 (TEX19) is a specific human 

germ/stem cell gene identified as cancer testis antigen (CTA) gene that has recently 

emerged as a potential therapeutic drug target. CTA gene expression is normally 

restricted to human germline tissues, and these genes are activated in a wide range of 

tumour cells and cancer stem cells, hence, their intrinsic characteristics mark them as 

excellent potential cancer-specific biomarkers and promising drug/immunotherapeutic 

targets. CTA gene expression has been linked with stemness, but their function in stem 

cells has not been fully explored.  

 

The findings of this study confirmed that TEX19 is a CTA gene that is expressed in the 

testes and in numerous cancer types. Additionally it was demonstrated that human 

TEX19 is expressed in hESCs and Induced pluripotent stem cells (iPSCs). TEX19 has 

dual cellular localisation, namely in the nucleus/cytoplasm, and may have a dynamic 

localisation in cancer cells. TEX19 is demonstrated to be a candidate oncogenic driver 

with a potential function in enhancing cancer cell proliferation and the self-renewal of 

human cancer cells in vitro; hence, it could contribute to influencing clinical outcomes. 

Furthermore, evidence is provided that TEX19 potentially acts as a transcriptional 

regulator by altering the transcript levels of multiple genes in distinct human cancer 

cells. TEX19 also regulates the mRNA levels of crucial stem cell marker genes in 

hESCs, NANOG in particular. These data also show that the loss of pluripotency in 

different human embryonic stem (hES) cell lines upon differentiation modifies the 

TEX19 mRNA levels. Finally, the study demonstrates that TEX19 is required to control 

transposable element (TE) transcript levels in cancer cells and hESCs. Taking these 

findings together, the observations from cancer cells and hESCs suggest that TEX19 is 

a stemness regulatory factor with possible application as a cancer biomarker/therapeutic 

target. 
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1. Introduction 

1.1 The nature of cancer in humans 

1.1.1 A general overview 

Despite the fact that many deadly diseases have been eliminated either through 

vaccination or treatment, cancer, which was identified more than 3,000 years ago in the 

remains of humans, is still one of the world’s deadliest diseases (Kelland, 2014). In 

fact, cancer is one of the major causes of death worldwide, particularly in developed 

and economically advantaged countries (Jemal et al., 2011). Despite the marked 

progress that has been made in the fight against this disease, cancer mortality rates 

remain high (Siegel et al., 2013).  

 

A worldwide estimation by WHO provided evidence that cancer is killing more people 

than stroke and heart disease. Similarly, data indicates that cancer is 25% more harmful 

to men than to woman. In particular, lung cancer is diagnosed more frequently than 

breast, prostate, liver, stomach, colorectal cancer and other cancers. Breast cancer was 

diagnosed as the second killer and tops the list in women. Global Statistics for 2012 

showed accelerated morbidity rates, with 14.1 million newly diagnosed cancer cases 

and a mortality rate in cancer patients of 8.2 million (Ferlay et al., 2015). Moreover, 

there are likely to be 20 million cancer cases by 2025 due to demographic and 

epidemiological changes in the world (Bray, 2014). 

 

One in eight deaths worldwide is due to cancer, which includes more than 100 different 

diseases with miscellaneous risk factors and epidemiology. Cancer, which can initiate 

from any organ or cell type in the body, is characterised by the uncontrolled division of 

cells. In many cases, these cells can also invade normal tissues and distant organs in a 

development called metastasis. Epigenetic modification and DNA sequence mutation 

are also responsible to a large degree for the initiation of tumours by driving cancerous 

cell proliferation (Stratton et al., 2009a; Sharma et al., 2010; Brábek et al., 2010; 

Tomasetti et al., 2013; Wodarz & Zauber, 2015).  
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1.1.2 Causes and types of cancer  

Determining the causes of cancer is complicated, but several factors may be implicated, 

including viruses (Parka et al., 2016), chemicals, radiation (Burger et al., 2013) and 

smoking (Washio et al., 2016). Genetic factors, environmental factors, occupational 

factors, life style and obesity are also strongly associated with the occurrence of cancer 

(Negri Jr et al., 2016; Martin-Moreno et al., 2008; Song & Giovannucci, 2015).  

 

Age is also considered a contributory factor, and men over the age of 40 are susceptible 

to bowel and prostate cancer. On the other hand, women may develop breast cancer 

around the age of 40, but this is most likely from the age of 50 on (Autier, 2016). Data 

from the United Kingdom indicates that 50% of cancer patients are diagnosed at 

approximately 70 years of age, while 52% die when they are ≥75 years old, suggesting 

a relationship between age and cancer morbidity and mortality (Moller et al., 2011). 

Alcohol consumption has been recognised as one of the major causes of female breast 

cancer (Hirko et al., 2016) and colorectal cancer, particularly in Europe. Previously, 

alcohol was only considered a factor in cancers of the oral cavity, oesophagus and liver 

(Schütze et al., 2011). Moreover, death due to alcohol consumption increased globally 

from 3.6% to 5.5% in all cancer cases between the period from 2002 to 2012 (Praud et 

al., 2016). 

 

Tumours are mainly categorised as benign growths or malignant cancers. Benign 

tumours are non-cancerous, with a slow growth rate, and do not usually transfer to other 

tissues. In contrast, malignant tumours are cancerous and commonly migrate to other 

parts of the human body in a process known as invasion-metastasis (Figure 1-1). 

Malignant tumours are dangerous, particularly when they occur in the vital organs 

(Souhami & Tobias, 2005; Valastyan & Weinberg, 2011).  

 

Cancerous diseases are divided into different classes based on cell type or the organ of 

origin. For example, leukaemia is a blood cell cancer (Park et al., 2016), while a 

sarcoma is a type of cancer that originates from the mesenchymal connective tissues 

and occurs in muscles, cartilage and blood vessels (Sato et al., 2016). Bowel cancer 

arises from the colon or rectum (Kisiel et al., 2016). Blastomas are another type of 

cancer, which derives from immature tissues (Story & Johnston, 2016).  

http://coloncancer.about.com/od/glossaries/g/Metastases.htm
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Figure 1-1 Invasion and metastasis in the human body.  

The process of invasion-metastasis accommodates a sequence of steps whereby tumour cells 

are transported to other distant sites. These cancerous cells leave their primary location and 

start penetrating neighbouring tissues in a process known as local invasion. The tumour cells 

then commence the intravasation step, during which they invade the blood vessels and are 

transported by the blood circulation to distant tissues. In the extravasation step, the tumour cells 

then lodge in the small vessels of those tissues and attack them. The formation of a tiny colony 

of tumour cells is frequently designated a micrometastasis, and eventually, the last step, in 

which that colony develops into a colony of macroscopic size, is known as “metastatic 

colonisation” (Valastyan & Weinberg, 2011). 
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1.1.3 Biomarkers in cancer 

Cancer biomarkers are defined as substances or processes that indicate the presence of 

cancer. They are secreted by the tumours in the body and can be detected as biological 

molecules in the blood, body fluids and tissues. They also serve as signals that indicate 

how the body is responding to cancer medication. Cancer biomarkers also play an 

important role in the disease’s state by facilitating prediction, detection, diagnosis and 

prognosis. Tumour markers are distinctive for each type of cancer, and various factors 

such as tumour heterogeneity, occurrence and effectiveness influence their formation 

(Joshi et al., 2016; Mishra & Verma, 2010).  

 

Alpha-fetoprotein (AFP) is one of the most notable cancer biomarkers and has been 

used efficiently for a long time to detect hepatocellular carcinoma (HCC) (Lai et al., 

2012). However, new clinical studies have highlighted the importance of testing AFP, 

P53 and AFP-L3 together as efficient cancer biomarkers for HCC diagnosis in patients 

(Abdel-Aziz et al., 2016). Similarly, carcinoembryonic antigen (CEA) is considered the 

most common biomarker for colon cancer (Tiernan et al., 2013) and is also a sensitive 

biomarker for rectal adenocarcinoma screening (Makarova-Rusher et al., 2016). A 

positive test for the BRCA1 and BRCA2 gene mutation is linked with breast cancer in 

particular, but also with ovarian cancer (Kuchenbaecker et al., 2016). Prostate-specific 

antigen (PSA) is a significant and prognostic biomarker for prostate cancer (Kirby, 

2014; Heidenreich et al., 2014), and C19-9 is a detectable and very sensitive biomarker 

for patients suffering from pancreatic cancer (Luo et al., 2016).  

 

In light of the above, consideration of cancer biomarkers has become fundamental in 

the field of medicine because of their significance to detect cancer in early stage. 

Biomarkers can also aid in measuring the response of cancer patients to treatment doses. 

While not all cancer biomarkers have high sensitivity, and only a few are specific in 

terms of cancer detection, screening with these biomarkers should be mandatory in 

certain cases in order to reduce cancer morbidity (Karley et al., 2011; Mishra & Verma, 

2010; Wu & Qu, 2015).  
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1.1.4 Hallmarks of tumorigenesis development  

The hallmarks of cancer are the factors that are recognised as being essential for the 

formation of malignant tumours. These factors are specific to cancers and enable them 

to survive, disseminate and proliferate. In general, cancer cells are characterised by six 

traits or hallmarks. One of these is self-sufficiency in terms of growth signals, which 

means that the division of cancer cells occurs in the absence of growth signals. In 

contrast, the normal cells are controlled by external growth signals, which play a critical 

role in regulating cell division. Insensitivity to anti-growth signals is another cancer 

hallmark, as is evasion of apoptosis, where cancer cells avoid the programmed cell 

death mechanism (apoptosis) that is essential for the removal of damaged cells. 

Bypassing this mechanism provides an opportunity for cancer cells to progress. Another 

hallmark of cancer is unlimited replicative potential, where tumour cells escape the cell 

death that normally occurs after a certain number of divisions; in other words, normal 

cells undergo only a limited number of replications. A further trait of cancer is the 

formation of blood vessels that deliver oxygen and nutrients to cancer cells through a 

process known as sustained angiogenesis. In addition, cancer cells can escape from their 

sites of origin and invade neighbouring tissues or adjacent organs in a process known 

as metastasis, which is the sixth known cancer hallmark (Hanahan & Weinberg, 2000).  

 

In 2011, Hanahan and Weinberg added four more hallmarks of cancer. These involve 

the genome instability responsible for producing the genetic variety and inflammation 

that foster various hallmark functions. Specifically, evasion of the immune system and 

metabolic pathway abnormalities are proposed as additions to the list of cancer 

hallmarks (See Figure1.2) (Hanahan & Weinberg, 2011).  

 

Despite the fact that Sonnenschein and Soto (2013) generally agree with the proposed 

hallmarks of cancer, they developed another critical study in a bid to elucidate the 

complicated pathway signalling system produced by cancer cells and not to minimise 

the idea of cancer in a group of proliferating cells. A linking of mRNA splice factors 

with metastasis and cancer development based on sequence methodologies has also 

been reported (Oltean & Bates, 2014). This paves the way for the aberrant alternative 

splicing of human genes to be proposed as an additional cancer hallmark (See 
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Figure1.3), whereby a single gene can code various proteins during the process of gene 

expression (Ladomery, 2013).  

 

 

 

 

 

 
 

 
Figure 1-2 Original cancer hallmarks.  

Hanahan and Weinberg’s proposed elucidation of the first and second generation cancer 

hallmarks in the development of tumorigenesis (Hanahan & Weinberg, 2000; Hanahan & 

Weinberg, 2011).  
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Figure 1-3 Additional cancer hallmarks.  

Ladomery proposed aberrant alternative splicing as a further cancer hallmark. (Ladomery, 

2013).  
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1.2 Influence of genomic stability on cancer 

In-depth studies of tumorigenesis formation have indicated that three categories of gene 

are involved. Tumour suppressor genes, oncogenes and genomic stability genes which 

are implicated in regulating the process of chromosome segregation and DNA repair. 

However, cell proliferation is precisely regulated, and these three gene types contribute 

to cancer hallmarks. Alterations in oncogene and tumour suppressor gene expression 

are the leading causes of interrupted cell division and the subsequent formation of 

cancers. Oncogenes promote cell growth and have the potential to cause cancer, while 

tumour suppressor genes inhibit cell growth and promote apoptosis. A combination of 

oncogene expression at a high level and dysfunction or mutation of the tumour 

suppressor genes can trigger oncogenesis (Kim, 2015; Morris & Chan, 2015; Ferguson, 

et al. 2015; Negrini et al., 2010a; Vogelstein & Kinzler, 2004; Hanahan & Weinberg, 

2011).  

1.2.1 Tumour suppressor genes in tumorigenesis  

Tumour suppressor genes (TSGs) are genes that have the ability to protect cells from 

the path to cancer. The dysfunction and mutation of TSGs are a likely cause of normal 

cells reaching the cancer stage. TSGs play a significant role in maintaining the cell 

cycle and apoptosis, a process in which they maintain the gene expression responsible 

for the continuation of the cell cycle. Otherwise the cell cycle does not stop, which leads 

to uncontrolled cell division and ultimately, the development of cancer (Thoma et al., 

2011; Weinberg, 2013). TP53 is one of the most important tumour suppressor genes 

linked with fighting cancer, and genetic alterations in TP53 have been detected in 50% 

of cancer cases. TP53 has been shown to play a critical role in commencing the 

inhibition of the cell cycle, in antiangiogenesis processes and in maintaining 

programmed cell death. A reduction in its function also leads to metastasis (Zhang et 

al., 2015; Surget et al., 2014). The deactivation of TP53 has frequently been detected 

in a range of cancers including colon cancer (Prabhu et al., 2016) and acute myeloid 

leukaemia (AML) (Seipel et al., 2016). Active TP53 supports differentiation of the stem 

cells and the progenitor cells through specific pathways and regulated differentiation. 

Conversely, its absence results in the continuation of stem cell replication, which leads 

to oncogenic epigenetic pathways being maintained/activated (Levine et al., 2016). 
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1.2.2 Oncogenes and cancer initiation   

Oncogenes facilitate the continuation of uncontrolled cell proliferation and prevent the 

activation of apoptosis. In essence, oncogenes are frequently mutated genes, and they 

can be expressed at a high level in tumours (Bagci & Kurtgöz, 2015; Croce, 2008). 

Correspondingly, other oncogenes, such as cancer testis antigen (CTA) genes, are not 

mutated genes but derive an immunogenic expression in cancer patients (Whitehurst, 

2014; Yang et al., 2015). Furthermore, the proto-oncogene is a gene that has the ability 

to change into oncogenes under specific conditions, such as mutation. Several factors 

can activate oncogenes, including mutations in the gene, chromosomal translocation 

and gene amplification (Bagci & Kurtgöz, 2015; Croce, 2008).  

 

Mutation in the oncogenes change the structure of the encoded proteins in a way that 

alters their activity. The Ras oncogenes family, involving the KRAS, HRAS and NRAS 

genes, is an example of the oncogenes. (Croce, 2008; Fernández-Medarde & Santos, 

2011). The mutation in different oncogenes has led to different types of carcinoma; for 

example, the mutation of the KRAS oncogene has been found to result in bowel, 

pancreatic and lung cancer (Rodenhuis, 1992), whereas myelodysplastic syndrome and 

acute myelogenous leukaemia have been detected in the case of mutations in NRAS 

oncogenes (Beaupre & Kurzrock, 1999). In addition, the BRAF gene is an example of 

a proto-oncogene that has been activated in different carcinomas, specifically, in 18% 

of bowel cancers, 59% of melanomas and 14% of liver carcinomas (Davies et al., 2002; 

Bagci & Kurtgöz, 2015; Solit et al., 2006). 

 

 Abnormalities in hereditary material and mutations generated by agents that damage 

DNA are known to influence cancer formation. Chromosome translocation is one of 

the genetic abnormalities linked with certain types of cancer, such as chronic myeloid 

leukaemia (CML), which arises from a mutual translocation between chromosomes 9 

and 22 and is also known as Philadelphia translocation (Stratton et al.,2009b). 

Chromosome instability (CIN) leads to congenital abnormalities such as Down 

syndrome, and also plays a role in the promotion or suppression of tumour progression 

(Pfau & Amon, 2012). Likewise, chromosomal translocation can produce a mutation in 

the EWSR1 gene, causing it to become an oncogene, and this subsequently leads to 

Ewing sarcoma in children (Slotkin et al., 2016). Gene amplification has a role in 
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initiating and developing oncogenes in solid tumours by increasing or doubling gene 

numbers, for example, the ERBB2 gene in breast cancer (Bagci & Kurtgöz, 2015). 

1.2.3 Genome stability genes  

Genome stability genes are a set of genes that have been found to play a role in terms 

of maintaining genetic modifications and regulating DNA errors. Likewise, these genes 

also serve a dynamic purpose in chromosome segregation. However, alterations or 

genetic changes in these genes have been shown to initiate tumours in the body 

(Negrini, Gorgoulis & Halazonetis, 2010a). For example,  NBS1 gene is implicated and 

required in DNA double-strand break (DSB) repair (Sharma et al., 2015), and the 

mutation of this gene is associated with Nijmegen breakage syndrome (NBS), which is 

a congenital disorder (Tauchi, 2000). Moreover, the over expression of this gene is 

linked with prostate cancer (Berlin et al., 2014), oesophageal carcinoma (Kuo et al., 

2012) and liver cancer (Wang et al., 2014). Furthermore, BRCA1 and BRCA2 are 

tumour suppressor genes that sustain a function in DNA repair and genome stability, 

and they are activated in breast / ovarian cancers, for which their activation serves as a 

risk indicator (Yoshida & Miki, 2004; Trego et al., 2016). Reduced function of the 

mouse double minute 2 homolog (MDM2), which is a protein encoded by the MDM2 

gene in the human, has been linked with the inhibition of DSB DNA repair. The MDM2 

gene has been found to be over expressed in certain type of cancers as an oncogene 

factor, while being down regulated in other tumours. This suggests that the MDM2 gene 

behaves like a tumour suppressor gene and like an oncogene, depending on the relevant 

cellular setting (Maluszek, 2015).  

 

1.3 Tumour-associated antigens (TAAs) 

Tumour-associated antigens (TAAs) are capable of activating the immune system by 

producing antigenic determinants (epitopes) that are distinguishable by the immune 

system. TAAs can be exploited in cancer immunotherapy as they are produced in 

tumour cells but not in healthy cells (Krishnadas et al., 2013). The identification of 

novel TAAs is important to develop the field of cancer immunotherapy (Zavala & 

Kalergis, 2015). Various known TAAs are classified into different groups, including 

cancer testis antigens (CTAs), self-antigens (Savage et al., 2014) and viral antigens 

(Kelderman & Kvistborg, 2016). CTAs are a major group of TAAs. They are encoded 
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by genes that are characterised by their expression in cancer cells and germline tissues, 

not in other healthy somatic cells. In cancer, these developmental antigens are also 

produced in several kinds of malignant tumours as tumour-associated genes become 

active (Gjerstorff et al., 2015; Krishnadas et al., 2013; Mooney et al., 2016). Another 

group of TAAs are self-antigens, which are proteins that are over produced in cancer 

cells compared with healthy cells. TPD52 is an example of a tumour self-antigen that 

is frequently identified in various human malignant tumours (Bright et al., 2014). In 

addition, the family of self-antigens includes another type of antigen known as neo-

antigens, which are produced due to new mutations in the genes normally expressed in 

healthy tissue. Since neo-antigens are newly formed, they are not recognised by the 

immune system (Lu & Robbins, 2016; Savage et al; 2014). Finally, viral antigens are 

proteins that are mainly derived from infections by oncogenic viruses. Such proteins 

are produced inside cancerous cells and form antigenic peptides that become 

recognisable by T cells (Kelderman & Kvistborg, 2016; Vigneron, 2015). For example, 

hepatitis B surface antigens (HBsAg) are associated with the development of 

hepatocellular carcinoma caused by infection from the hepatitis B virus. HBsAg can 

also accumulate in cirrhosis of the liver, so may not be a tight cancer- specific marker 

(Chu & Liaw, 2016).  

1.3.1 Cancer testis antigen genes 

CTAs are group of proteins encoded by genes whose expression is silenced in normal 

healthy somatic tissue and largely restricted to the tissues of the testis. These genes are 

found to be expressed in a wide range of tumour cells and cancer stem-like cells, and 

their intrinsic characteristics mark them as a promising therapeutic target (Whitehurst, 

2014; Yang et al., 2015).Chen et al. (1997) were the first to coin the term “cancer testis 

antigen genes”, which are also known as cancer germline antigen genes (Chen et al., 

1997). CTAs can also act as neo-antigens in cancer cells due to the lack of expression 

of MHC class I antigens in germ cells, which subsequently causes the complex 

recognition of germ cell antigens by cytotoxic T-cells. Therefore, CTA proteins have 

high immunogenicity in cancer patients (Hirohashi et al., 2016).  

 

In 1991, T-cell epitope cloning became the primary technique used to identify the first 

CTA gene family, named melanoma antigen-1 (MAGE-A1), from melanoma patients 
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(van der Bruggen et al., 1991). In the following years, other CTA genes, such as MAGE-

A2, MAGE-A3 and GAGE-1, were identified by applying similar methods (Chomez et 

al., 2001; De Backer et al., 1999; Gaugler et al., 1994). SEREX (serological analysis of 

recombinant cDNA expression libraries) technique was the next approach developed to 

discover further CTA genes. This technique has the capability to enable the analysis of 

immune response to tumour antigens. The approach entails the screening and 

serological analysis of the cDNA expression libraries of human tumours, with 

autologous sera from cancer patients (Sahin et al; 1997). The description of this method 

has proved beneficial in terms of classifying further CTA genes, including NY-ESO-1 

(Chen et al., 1997), SSX (Tureci et al., 1998) and SCP1 (Tureci et al., 1998). In addition, 

new clinically relevant CT genes have been identified using bioinformatics approaches 

that designated meiosis-specific CT antigen genes (meiCT) (Feichtinger et al., 2012; 

Sammut et al., 2014). Correspondingly, cooperative schemes, such as the Cancer 

Genome Atlas (TCGA), have identified hundreds of CTA genes from expression 

profiles for large numbers of cancer patients (Kandoth et al., 2013; Lawrence et al., 

2014; Vogelstein et al., 2013; Wang et al., 2016). 

1.3.2 CTA gene classification  

Multiple advanced strategies have identified more than 70 CTA gene families (Fratta 

et al., 2011). These different genes are classified into X-CTA and non-X-CTA genes 

(Simpson et al., 2005). The CTA genes that are localised on the X chromosome are 

termed X-CTA genes and are organised in well-defined clusters. X-CTA genes have 

been found to make up 10% of the total genes on the X chromosome. Examples of X-

CTA genes include members such as MAGE-A, MAGE-8, XAGE-2, MAGE-A3 and NY-

ESO-1 (Caballero & Chen, 2009; Simpson et al., 2005; Stevenson et al., 2007). 

Correspondingly, the autosomal chromosomes contain the CTA genes that are termed 

as non-X-CTA genes, which are generally distributed in singal copies (Simpson et al., 

2005). SCP-1 and HORMD1 are examples of non X-CTA genes (Chen et al., 2005; 

Tureci et al., 1998). The different localisation for both X-CTA and non-X-CTA genes 

could suggest distinctive function (Caballero & Chen, 2009).  

 

The classification of the identified CTA genes has been further extended into four 

groups, according to the expression profile in normal and malignant tissues: (i) CTA 
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genes with highly restricted expression in cancers, adult testis and  placenta; this group 

is considered to be testis-restricted; (ii) CTA genes showing expression only in  cancers, 

adult testis, central nervous system (CNS); this group is considered to be testis-CNS-

restricted; (iii) CTA genes expressed in cancers and the adult testis, with expression in 

no more than two normal tissues; this group is considered to be testis-selective; (iv) 

CTA genes showing expression in the cancers, adult testis, CNS tissues, with 

expression in no more than two normal tissues; this group is considered to be CNS-

selective (Hofmann et al., 2008). 

1.3.3 CTA gene functions 

The role and function of the majority of identified CTA genes is not yet fully 

understood. That said, various studies have indicated possible functions of these genes 

in tumorigenesis (Caballero & Chen, 2009; Fratta et al., 2011; Sulek et al., 2016). The 

functioning of particular CTA genes is thought to contribute to associate the cellular 

process in germ line. For example, synaptonemal complex protein 1 (SYCP1) has an 

important role in meiosis and meiotic crossover formation and  SYCP1 deletion has 

been associated with sterility (de Vries et al., 2005; Schramm et al., 2011; Tureci et al., 

1998). In addition, the meiosis specific cohesin complex proteins, RAD21L and 

SMC1β, are involved in the regulation of meiotic recombination and meiotic sister 

chromatid cohesion (Ishiguro et al., 2011; Lee & Hirano, 2011; Ward et al., 2016). 

SPO11, another CTA, is a meiosis-specific protein that creates DNA double-strand 

breaks (DSBs) required for the initiation of meiotic homologue recombination (Yamada 

and Ohta, 2013). MAGE family members have been determined to regulate the 

ubiquitination of proteins, and their deviant expression in cancer cells alters the 

signalling pathway and cellular progression through ubiquitination (Weon and Potts, 

2015). For example, MAGE-A1 is involved in controlling cellular signalling pathways 

(Ghafouri-Fard and Modarressi, 2009). In addition, some CTAs can regulate others; for 

instance, the transcription factor BORIS has been found to regulate expression of the 

MAGE gene family (Schwarzenbach et al., 2014; Vatolin et al., 2005). Meanwhile, the 

function of some CTA genes has been determined to induce cell proliferation and act 

as a proto-oncogene, such as the PIWIL2 gene (Cheng et al., 2011). The depletion of 

MAGE-A expression induces the recruitment of tumour suppressors such as P53, to 

target promoters (Marcar et al., 2010a) and elevates the expression of downstream 
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genes (Marcar et al., 2010b; Nardiello et al., 2011; Weon & Potts, 2015).  In human 

melanoma, the upregulation of the CTA gene CAGE has been found to stimulate 

apoptotic evasion, allowing tumour development to take place (Kim et al., 2010). 

Correspondingly, the upregulated expression of TSGA10 disturbs the hypoxia-inducible 

factor (HIF)-1α and drive the development of angiogenesis (Mansouri et al., 2016). 

Expression and deletion approaches have shown the function of the majority of CTAs 

in spermatogenesis (Whitehurst, 2014).   

1.3.4 CTA gene expression  

The expression of the majority of X-CTA genes takes place in the spermatogonia cells 

of the normal testis prior to spermatogenesis. However, the expression of some X-CTA 

members has also been detected in placenta cells. The expression of non X-CTA genes 

has been reported to occur in the late phase of germ cell differentiation (Simpson et al., 

2005; Stevenson et al., 2007). In line with these studies, the expression of CTA genes 

is not found in somatic tissues. Evaluation of messenger RNA, for numerous CTA 

genes, has elucidated their limited expression in non-germ line tissues, such as those of 

the spleen, liver and pancreas. However, these genes have also been classified as CTA 

genes where the analysis of their expression level has stipulated that it is lower than 

1%, compared to their expression in normal testes (Caballero and Chen, 2009). In 

addition, immunohistochemistry has revealed that some CTA genes were found to be 

regularly expressed in foetal ovarian tissues (Nelson et al., 2007). Experimental studies 

have indicated a behaviour whereby CTA genes are co-expressed in the same positive 

tumour to a high degree in the later stages of tumour development (Caballero and Chen, 

2009). Various cancers have been identified as being addicted to the MAGE family for 

viability (Weon and Potts, 2015). In clinical follow-up, individual genes, such as 

DKKL, PLU-1 and MAGEA3, have been reported to be over-expressed in colorectal 

cancer and correlated with disease progression (Tarnowski et al., 2016). Nevertheless, 

the unique expression of CTA genes has attracted attention in terms of their application 

in cancer immunotherapy and their use as stratification markers, as reflected in the 

many clinical trials that are currently underway (Rousseaux et al., 2013, Salmaninejad 

et al., 2016).   



 

16 

 

1.3.5 The clinical applications of CTAs  

1.3.5.1 CTA genes as potential diagnostic biomarkers 

The use of several strategies has revealed the potential of CTAs to act as tumour and 

diagnostic markers in a range of cancer types (Wang et al., 2016). The analysis of the 

CTA SPAG9 antibody in blood samples, has unveiled a significantly high production 

of this protein in patients who are developing lung cancer, compared to the normal 

tissues, suggesting the aptness of SPAG9 as a candidate diagnostic marker for said 

cancer (Ren et al., 2016). In colorectal cancer, the novel CTA gene AKAP4 was 

expressed in the majority of 200 clinical samples of various stages and grades. This 

indicates the potential use of AKAP4 expression for the early diagnosis of colorectal 

cancer (Jagadish et al., 2016). In prostate cancer, a positive correlation has been 

demonstrated between the clinical and pathological parameters, including patient age, 

PSA level and tumour stage, and the expression of the CTA gene BORIS. In addition, 

the BORIS protein is present in aggressive prostate tumours and reported as a candidate 

diagnostic marker for prostate cancer (Cheema et al., 2014). The evaluation of the CTA 

NY-ESO1 by immunohistochemistry in synovial sarcomas, gastrointestinal stromal 

tumours, spindle cell sarcomas and other sarcomas has illuminated a particular CTA 

profile for different cancers with similar morphologies. Correspondingly, NY-ESO1 has 

been reported to be strongly expressed in 76% of tumours that are positive for synovial 

sarcomas. In contrast, the other tumours evaluated displayed either extremely low or 

negative expression of NY-ESO1. Therefore, CTA genes can be deployed to distinguish 

malignant tissues and may become clinically useful in terms of cancer diagnosis (Lai 

et al., 2012).   

1.3.5.2 CTA genes in immunotherapy  

Immunotherapy employs the immune system to fight the tumours. Active and passive 

immunotherapy are the two main approaches used against cancer (Baxter, 2014). The 

majority of patients who develop cancerous diseases frequently undergo conventional 

therapies in clinics, including radiation, chemotherapy and surgery. These clinical 

therapies are effective for the elimination of primary tumours. However, they are less 

efficacious when the tumour cells are disseminated and progress the metastatic 

diffusion of the disease. Immunotherapy is a promising approach, due to its exploitation 
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of substances that restore the body’s immune system or induce it to eradicate cancer 

cells (Mellman et al., 2011; Schuster et al., 2006; Vigneron, 2015).  

 

The testes are in an immunologically privileged tissue. This distinctive feature is  

mediated in part by the blood-testis barrier (BTB), along with the silent expression 

factors for the MHC I class in testicular germ cells, subsequently tolerated the 

introduction of CTA antigen genes without stimulating the immune response ( 

Hirohashi et al., 2016; Jager et al., 1998; Tarnowski et al., 2016). Accordingly, CTA 

proteins are immunogenic and their recognition by the immune system can develop the 

immunotherapy approach (Caballero & Chen, 2009; Tarnowski et al., 2016). The 

peptides of CTA proteins can generate the immune response with the assistance of other 

immuno-stimulatory factors, which play a role in maintaining, enriching and 

strengthening the response (Meek and Marcar, 2012). Melero et al., (2014) have 

described the generation steps of this immune response (see Figure 1.4).  

1.3.5.2.1 The role of CTA genes in active immunotherapy 

Active immunotherapy has the capability to stimulate the immune system in order to 

induce individual responses against a cancer or other disease. The elicitation of the 

immune system may be non-specific where agents such as cytokines generate a general 

immune response. In contrast, the specific active immunotherapy triggers the immune 

system using therapeutic vaccines to distinguish and eradicate cancer cells that have 

specific antigens on their surfaces (Baxter, 2014). However, therapeutic vaccine trials 

have been evaluated in patients developing melanoma cancer, using CTA genes such 

as NY-ESO-1 and MAGE-A3, and these genes have been found to contribute to the 

regression of the tumour nodules (Caballero and Chen, 2009). The CTA SP17 

vaccination provided a successful trial in vivo for preventing ovarian cancer in 

mammals (Chiriva et al., 2010). The analysis of various tumours, including lung non-

small cancer, colon cancer, melanoma, breast cancer, multiple myeloma and ovarian 

cancer, has illustrated the high expression of MAGE genes family. This means that the 

design of vaccines for this family can aid in preventing incidences of various malignant 

tumours (Weon and Potts, 2015). 
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1.3.5.2.2 The role of CTA genes in passive immunotherapy  

In passive immunotherapy, the immune components or external antibodies initiate the 

elicitation of the immune response. Forms of passive immunisation include adoptive T-

cell therapy and monoclonal antibodies (Baxter, 2014). The uses of gene engineering 

in lymphocyte T-cells have mediated tumour regression in patients developing 

metastatic cancer (Bonini & Mondino, 2015; Restifo et al., 2012). In T-cell therapy, the 

lymphocyte T-cell is isolated from patients, then subjected to a culturing and 

enrichment process in vitro to express the desired tumour antigens, followed by the re-

infusion of the T-cell into the patient (Bonini & Mondino, 2015; Restifo et al., 2012). 

Correspondingly, the gene-engineered T-cells have demonstrated promising progress 

in targeting CTA antigens. For example, the isolation of autologous CD4+ T-cells from 

patients developing metastatic melanoma cancer was carried out in vitro for expansion 

and enrichment, in order to target the CTA NY-ESO-1, these cells were re-infused back 

into the patient. Patient monitoring revealed the cessation of the development of either 

the pulmonary or nodal tumours. Interestingly, after this successful treatment, the 

patients were declared cancer-free two years later (Hunder et al., 2008). In addition, the 

induction of NY-ESO-1 in the isolated CD8+ T-cells has increased the response of the 

immune system in detecting tumour cells in patients developing acute myeloid 

leukaemia (Srivastava et al., 2016).  
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Figure 1-4 Generation of immune response alongside the tumour antigens.  
The process of generating an immune response involves multiple steps: (1) Tumour cells can 

release the tumour antigens or the body can be immunised to elicit the immune response. This 

step can be activated by the CTAs. (2) Tumour cells can promote the maturation factors for the 

anti-dendritic cells in which this influence can be targeted. (3) The lymphocyte T-cell can be 

isolated, expanded and modified to identify the desired CTAs. (4) Clinical studies have reported 

the potential effect of checkpoint modifiers in sustaining the immune response through 

interaction with immunosuppressive mechanisms (Melero et al., 2014). 
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1.4 Pluripotent stem cells and cancer development  

1.4.1 Stem cells overview   

The term stem cell was first used in 1868 by Ernst Haeckel, who supported Charles 

Darwin's theory of evolution. The German term “Stammzelle” was used to describe 

them and they were thought to gives rise to all cells of the organism (Haeckel, 1874). 

Stem cells are unique in that they have the ability to become different types of cells. 

They are distinguished from other cells by two main features: first, the potential for 

self-renewal; and second, the ability to remain as stem cells or differentiate under 

controlled conditions into specialised cells after numerous cycles of cell division (Ullah 

et al., 2016). The specialised cells can form different organs, tissues, or specific cells, 

and play specific functions in the body. Repairing tissues is an example of a stem cell 

function in human development. Recent investigations have uncovered the potential 

use of stem cell in therapy for complicated diseases through regenerative medicine 

(Goodell et al., 2015; Ramalho-Santos & Willenbring, 2007; Stoltz et al., 2015). 

1.4.2 Stem cells classification and characteristics  

Self-renewal is the most distinct feature of stem cells. Stem cells are generally classified 

based on their potency. For example, the totipotent stem cells generated after egg 

fertilization (zygote) as a single cell have the ability to form all types of cells, organs, 

and extraembryonic tissues, which form placenta to develop the foetus (see Figure 1.5) 

(Surani & Tischler, 2012). After an 8-stage cell division, totipotent stem cells specialize 

into pluripotent stem cells, and these can generate all cell types except for placenta 

cells. Pluripotent cells develop embryonic stem cells, which can generate the three germ 

layers endoderm, mesoderm, and ectoderm (Condic, 2013; Keller & Gadue, 2016; 

Surani & Tischler, 2012). These cells continue to divide and specialize further into 

multipotent stem cells, which can generate a limited range of cells within a tissue 

lineage, such as haematopoietic stem cells (blood cells). Furthermore, stem cells can 

differentiate into oligopotent cells, which develop into few cell types such as myeloid 

cells, and unipotent cells, which differentiate into only one cell type. However, the 

multipotent, oligopotent, and unipotent stem cells are also identified as adult stem cells 

(Condic, 2013; Mitalipov & Wolf, 2009; Scholer, 2004; Surani & Tischler, 2012). 
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Figure 1-5 The development of embryonic stem cells.  

(a)  The embryo development after the egg fertilisation (Zygote). (b) The derivation of 

embryonic stem cells from the inner cellular mass after developing the blastocyst stage (Surani 

& Tischler, 2012).  

 

1.4.3 Embryonic stem cells 

The first successful trial to identify embryonic stem cells (ESCs) was recorded in 1981 

in mice (Evans & Kaufman, 1981). The first derivation of human embryonic stem cells 

(hESCs) occurred in 1998 using IVF reproductive technology from the inner cell mass 

of blastocysts of fertilized oocytes in vitro (Thomson et al., 1998). hESCs have the 

ability to generate the three germ layers, which are formed in a process known as 

gastrulation. The three germ layers encompass ectoderm, mesoderm, and endoderm, 

and these layers are known as primary germ cells (Keller & Gadue, 2016). Each germ 

cell layer gives rise to a specific tissue. Ectoderm germ cell layers form skin, nervous 

system, and adrenal tissues. Mesoderm germ cell layers generate skeletal muscles, 

epithelia tissues, and haematopoietic cells. Endoderm germ layers give rise to the 

pancreases, liver, and respiratory system (Keller & Gadue, 2016). Since the isolation of 

hESCs, a number of protocols have been used to culture these cells in vitro, and mouse 

embryonic fibroblasts are generally used to initiate culturing in vitro. Matrigel and 

vitronectin with specific factors maintain the pluripotency and are used as a feeder free 

system. Furthermore, testing genetic integrity using karyotyping and whole genome 
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sequencing is required to ensure normal cells karyotype is maintained in hESCs 

cultures. (Braam et al., 2008; Damdimopoulou et al., 2016). 

 

 Embryonic stem cells have been proposed for clinical trials for decades and their 

functions in treating complicated diseases and replacing cells seem highly promising. 

Several factors, such as their plasticity led to great concern over their use and safety 

(Schwartz et al., 2015).  In Parkinson disease, hESCs grafting was performed in animal 

models to generate dopamine, which acts as a precursor to pass messages to the nerve 

cells. The trial was encouraging for a clinical trial under safe and efficient conditions 

(Tabar, 2016). Furthermore, hESCs helped enhance hepatocyte maturation and 

proliferation in patients with liver cirrhosis by Notch pathway inhibition and activation 

of Wnt and ERK pathways (Chen et al., 2016). Moreover, clinical research of hESCs 

has developed models for glaucoma drugs and set up possibilities of using cellular 

therapy for people who have lost their vision (Chamling et al., 2016).  

1.4.4 Adult stem cells 

Adult stem cells (ASCs) are also known as somatic stem cells and their potency types 

are identified as multipotent, oligopotent, and unipotent. These types of cells have the 

ability to specialise into major cells of specific tissues or organs. Hematopoietic stem 

cells, mesenchymal stem cells, liver stem cells, skin stem cells, and pancreatic stem 

cells are all examples of the multipotent stem cells. Hematopoietic and Mesenchymal 

stem cells are the most investigated adult stem cells due to their positive and promising 

roles in regenerative medicine (Clevers, 2015; Nussler & Sajadian, 2014; Woo et al.,   

2016). ASCs possess vital self-renewal properties and have essential functions in 

repairing damaged tissues or replacing dead and damaged cells in specific tissues or 

organs (Passier & Mummery, 2003). ASC populations are established in particular 

environments known as niches in undifferentiated state. These niches prevent the 

depletion of ASCs, save them from outside damaging stimuli, and keep them in inactive 

situations until receiving proper activation signals. Based on a specific tissue demands, 

ASCs become active by signalling and start proliferation. They migrate from the niches, 

differentiate to replace deteriorated cells or repair damaged tissue cells, and sustain 

organ function and structure. ASCs are also, found to heal minor injuries in numerous 
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organs, such as bone marrow, kidney, intestine, and liver (Jiang et al., 2002; 

Montagnani et al., 2016; Passier & Mummery, 2003; Scadden, 2006; Woo et al., 2016). 

1.4.4.1 Haematopoietic stem cells 

Haematopoietic stem cells (HSCs) are an example of adult stem cells. They differentiate 

and develop all mature functional blood cells encompassing the myeloid and lymphoid 

cells in the circulatory system. The differentiation of the myeloid and lymphoid linage 

drives via the haematopoiesis process, and they mainly occupy the bone marrow (BM) 

(Seita & Weissman, 2010; Clarke & Frampton, 2016; Henschler, 2016). The myeloid 

cell line gives rise to particular blood cells including Basophils, Neutrophils, 

Eosinophils, Macrophages, Erythrocytes, Monocytes, and platelets, while the lymphoid 

lineage forms natural killer cells, T-lymphocytes, and B-lymphocytes (Till & 

McCulloch, 1961). Both cytokines and BMP-4 factors promote the differentiation 

process of HSCs (Chadwick et al., 2003). Since the isolation of human HSCs (Baum et 

al., 1992), CD34 surface marker has been the most important feature and surface marker 

used to identify human HSCs (Civin et al., 1984). Moreover, the CD34 surface antigen 

is down-regulated expression as long the human HSCs differentiate into hematopoietic 

progenitors, and this points an important function for CD34 to maintain human HSCs 

(Andrews et al., 1989). The power of human HSCs to produce abundant lines of blood 

cells has led to clinical and crucial breakthroughs in hematopoietic stem cell 

transplantation (HSCT) to cure complex diseases such as haematological malignancies, 

including acute myeloid leukaemia (AML), chronic myeloid leukaemia (CML), 

Hodgkin's lymphoma (HL), and Multiple myeloma. Additionally, HSCTs have made a 

major contribution to rebuilding damaged bone marrow and are known to cure diseases 

such as sickle cell anaemia and thalassemia (Felfly& Haddad, 2014; Park et al., 2015; 

Passweg et al., 2016).  

 

Autologous and allogeneic are the main HSCT graft types. In an autologous procedure, 

the patient donates stem cells from his or her own blood before proceeding with 

chemotherapy, and subsequently those cells are returned to the patient after treatment. 

In contrast, in an allogenic HSCT, stem cells are harvested from an HLA- or ABO-

matched relative or non-relative donor. Incompatible antigens result in transplant hyper 

rejection and engraftment failure. The autologous graft type is generally used to cure a 
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cancer not damaging the bone marrow, such as lymphoma, and this transplant has a 

limited percentage of rejection as the body can recognise the transplanted cells (Grube 

et al., 2016; Park et al., 2015). Conversely, clinicians in certain cases, such as 

leukaemia, use allogenic transplants to repair bone marrow failure. While this type of 

transplant is routinely used and has become a conventional treatment, the struggle to 

obtain a full HLA match can make it difficult to proceed with the allogenic graft. In 

addition, with allogenic HSCTs there is the risk of developing acute and/or chronic 

Graft versus Host Disease (GVHD) which result in transplant rejection (Grube et al., 

2016; Shono et al., 2016). 

 

When there is no fully matched donor or there is difficulty in obtaining human HSCs, 

the umbilical cord blood derived from new-borns becomes a remarkable alternative 

source of human HSCs that can be used to cure hematologic malignancies. 

Furthermore, cord blood stem cells are less immunogenic and more immature than stem 

cells harvested from adults, which offers them better regenerative aptitudes with minor 

incidences of Graft versus Host disease (de Lima et al., 2012; Delaney et al., 2010; 

Tiwari et al., 2016). 

1.4.4.2 Mesenchymal stem cells (MSCs) 

MSCs, also known as stromal cells, are multipotent and a further example of adult stem 

cells. MSCs are derived from the germ layer mesoderm and differentiate to give rise to 

bones, cartilage, muscles, and fat (Ding et al., 2011; Kalervo Väänänen, 2005). In 

addition, they are known as skeletal stem cells as they generate skeletal tissues (Bianco 

et al., 2006; Bianco & Robey, 2015). Human MSCs exist mainly in bone marrow, but 

they are also known to have a limited presence in the umbilical cord (Bieback & Netsch, 

2016). Specific transcription factors and regulatory genes act in controlled functions 

and trigger the MSCs to differentiate to multiple linages (Dennis et al., 2001). In 

addition, the MSCs perform active and physiological tasks to maintain the niches of 

haematopoietic stem cells and regulate the emergence of a hematopoietic 

microenvironment (Bianco, 2014). The clinical application of MSCs becomes the 

closest use for stem cells in transplant after haematopoietic stem cells, as MSCs have 

emerged as a promising therapy to repair damaged cartilage or replace bone tissues. 
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However, engraftment of these types of cells in injured tissues was determined with 

small numbers of transplanted cells (Motavaf et al., 2016; Walmsley et al., 2016). 

1.4.5 Induced pluripotent stem cells (iPSCs) 

In 2006, somatic cell genetic reprogramming generated an exceptional type of stem 

cells known as induced pluripotent stem cells (iPSCs), and was a seminal breakthrough 

in the stem cells field. Four transcription factor genes, Oct4, c-Myc, Klf4, and Sox2, 

were introduced to mouse fibroblast cells via viral transduction and have generated 

iPSCs under embryonic conditions (Takahashi & Yamanaka, 2006). Likewise, the four 

exact transcription factors induced the reprogramming of somatic cells using the same 

technique and factors as in 2006 to yield human iPSCs from adult human fibroblasts 

(Takahashi et al., 2007). In both mice and humans, the transcription factor Nanog was 

not required for programming induction. The benchmarks and properties of iPSCs meet 

the defining criteria in embryonic stem cells in growth properties and morphology, and 

express ESC gene markers. These cells developed the main characteristics of stem cells 

to recruit self-renewal and could contribute to all linage from the three germ layers 

(Takahashi & Yamanaka, 2006; Takahashi et al., 2007). Though iPSCs discovery is 

fundamental, some challenges, such as genomic insertion, can occur and disrupt the 

application in regenerative medicine. c-Myc was reported to be expressed in 70% of 

cancer diseases (Kuttler & Mai, 2006) and has been used in iPSCs programming to 

achieve pluripotency. This transcription factor may act as an oncogene and can form 

cancer when used in trial therapies, so alternative approaches are required in order to 

produce safer iPSCs (Selvaraj et al., 2010). In addition, the induction of some 

transcription factors behave as oncogenes and break down the function of tumour 

suppressor genes such TP53. These mediate DNA damage, which results in 

reprogramming limitations and promotes tumour formation (Marión et al., 2009). 

 

 The use of viral vector for iPSCs is another threat as it may cause mutation and 

minimize both research and clinical applications (Medvedev et al., 2010). Solutions for 

these challenges are available, as it was possible to perform iPSCs reprogramming in 

mice and humans without c-Myc, termed as non-c-Myc iPSCs, and this efficiently 

reduces the probability of creating tumours (Nakagawa et al., 2008). Likewise, applying 

the technique of Episomal Reprogramming and using non-integrating episomal vectors 
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was an alternative to viral vector integration and yielded free transgene sequences (Yu 

et al., 2009). Furthermore, this technique does not induce iPSCs reprogramming 

efficacy as the influence as genomic viral integration (Hu, 2014).The remarkable self-

renewal and differentiating features of iPSCs provide crucial consideration for their 

enrolment in clinical treatments and medical research, but reprogramming factors still 

provide concern about their utility (Okita & Yamanaka, 2011). Additionally, iPSCs 

research contributes in modelling disease (Fukuda, 2016), human organ transplant 

(Takebe et al., 2013), organ synthesis, tissue repair, treating vascular disease (Park et 

al., 2014), and blood cell formation (Singh et al., 2015). 

1.4.6 Stem Cell Transcription Factors and Regulators 

The self-renewal and differentiation to adult types of pluripotent stem cells are 

undoubtedly associated with various transcription factors, including OCT4, NANOG, 

and SOX2, and act as a substantial employment and regulatory complex in order to 

maintain pluripotency and control other pluripotency factors (Saunders et al., 2013; 

Wang et al., 2012; Rizzino & Wuebben, 2016). 

 

OCT4 is a core transcription factor play a critical task in the embryonic development 

and stem cell pluripotency. In the early stage of embryogenesis, the restricted OCT4 

expression is identified in an embryo’s inner cellular mass, which generates all three 

germ layers and embryonic stem cells. OCT4 is also found to be expressed in the outer 

layers of embryos and becomes down regulated upon trophectoderm differentiation 

(Rizzino & Wuebben, 2016; Shi & Jin, 2010). OCT4 is necessary for the primordial 

germ cells and essential for providing potency for stem cells. Its expression level is 

linked with a stemness feature and pluripotency. Remarkably, the destiny of embryonic 

stem cells is determined by OCT4 expression level. The power of OCT4 transcription 

factors extends to regulate other stem cell transcription factors including NANOG and 

SOX2 (Jez et al., 2014; Kehler et al., 2004; Okamoto et al., 1990; Rosner et al., 1990; 

Scholer et al., 1990; Scarola et al., 2015; Shi & Jin, 2010; Wu & Schöler, 2014).  

 

NANOG is another important transcription factor in maintaining embryonic stem cells 

and it is involved in self-renewal and differentiation pathways (Silva et al., 2009; Novo 

et al., 2016). OCT4 transcription factor is required in the early stages of embryo 
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development, while a vital function for NANOG arises in the next phase of embryonic 

cell specification after blastocyst development (Cavaleri & Schöler, 2003). The inner 

cell mass of blastocysts requires NANOG for its construction and the dysfunction or 

absence of NANOG has been reported with lack of potency, developing cell 

differentiation, and yielded failed survival rates for germ and ESCs (Chambers et al., 

2007; Chambers et al., 2003; De Mot et al., 2016). In ESC populations, NANOG 

expression can be upregulated or downregulated, which is associated with 

differentiation properties and the ESC population heterogeneity. Additionally, over 

expression is not interrelated with the cell cycle phase and the expression level of OCT4 

or SOX2 (Hastreiter & Schroeder, 2016).  

 

SOX2 is a central transcription factor that interacts with OCT4 in a complex and is 

required to maintain the ESCs and pluripotency. SOX2 is expressed in the morula (post 

zygote ball of cells, prior to blastocyst stage) and its expression becomes restricted in 

the inner cellular mass upon blastocyst formation (Rizzino & Wuebben, 2016). 

Restricted SOX2 expression has been detected in the epiblast and not in primitive 

extraembryonic endoderm (PrE) after the inner cellular mass develops to them in late 

blastocyst. Moreover, neural stem cells have expressed SOX2 in high levels. Depletion 

of SOX2 has led to cell lethality. Both SOX2 and OCT4 co-operate to control 

pluripotency (Rizzino & Wuebben, 2016; She & Yang, 2015). 

 

 OCT4, SOX2, and NANOG are the main transcription factors regulating pluripotent 

stem cells. At the same time, they are controlling and activating expression levels of 

other different genes, which subsequently maintain cell potency. The stem cells also 

are regulated by other various transcription factors (Young, 2011), such as LIF-Stat3, 

which is involved in self-renewal (Ye et al., 2016), and FOXD3, which is a major factor 

in developing the pluripotent state (Krishnakumar et al., 2016).  

 

In the adult stem cells, GATA2 is a critical protein to regulate the development of 

haematopoietic stem cells and its insufficiency interrupts proliferation and affects 

survival rates (Li et al., 2016b). Likewise, BMI1 is an essential stem cell regulator that 

maintains the multipotent and mesenchymal stem cells in humans, and the process of 

downregulating BMI1 resulted in both increased cell death and self-renewal reduction 

(Jung & A Nolta, 2016).  
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1.4.7 Stability of stem cell transcription factors in human cancer 

Stem cell transcription factor instability is linked with cancer development and 

progression in different organs and tissues. Statistical data has shown high expressions 

of OCT4 in 27% of diverse cancer types when likened to normal tissues. Upregulation 

of the OCT4 level was detected in multiple cancers, including in renal, lung, brain, 

ovary, and testicular cancers. In blood cancers, the percentage of OCT4 overexpression 

was reported in 25% of patients developing chronic lymphocytic leukaemia. 

(Schoenhals et al., 2009). Higher OCT4 expression represents a predictor in prostate 

cancer prognosis (Kosaka et al., 2016). Likewise, elevation of NANOG expression was 

found in oral squamous cell carcinoma (Fu et al., 2016). Nuclear expression has been 

correlated with high development of cancer in ovaries, which delivers the high prospect 

for NANOG expression to be a biomarker for ovarian cancer (Siu et al., 2013). The 

overexpression has also been linked with poor prognosis in breast and bowel cancers 

(Meng et al., 2010; Nagata et al., 2014). The abundant expression of SOX2 is present 

in solid tumours and bioinformatics analysis has detected high SOX2 expression in 

nearly 20% of malignant tumours examined (Schoenhals et al., 2009). The over 

expression is also detected with prostate cancer (Guzel et al., 2014) and patients 

suffering from squamous cell carcinomas in both the head and neck. However, targeting 

cancer cells with positive SOX2 expression could be a novel approach to cure head and 

neck squamous cell carcinomas (Lee et al., 2014). As such, pluripotent stem cell 

markers can be remarkable biomarkers of tumorigenesis, such as expression levels of 

SOX2 and OCT4, is critical to identifying oral squamous cancers in early stages (Fu et 

al., 2016). 

 

1.5 Cancer stem cells  

1.5.1 Cancer stem cells in tumour initiation  

The behaviour and biology of cancer stem cells (CSCs) is a highly active research area 

because of their propensity and ability to differentiate into tumour cells. CSCs are 

present in many cancers and have the main characteristic of self-renewal. Tumour 

formation and cancer cell initiation are thought to occur due to the influence of CSCs 

signalling and pathways. The concept of CSC’s origin and their power to influence 
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tumour cell initiation is not fully understood, but is fundamental in terms of cancer 

therapy (Rahman et al., 2016).  

 

Different hypotheses try to reveal the derivation of CSCs. Epigenetic alterations 

contributes to regulate CSCs in terms of histone modification and DNA methylation, 

which, subsequent in tumour development, metastases and difficulty in therapy 

response (Muñoz et al., 2012; Ravasio et al., 2016). In addition, mutation in 

differentiated cells yields the ability to drive them back to a stem cell-like state 

(Friedmann-Morvinski & Verma, 2014). The theory of mutation in adult stem cells to 

form tumours has also been proposed due to their nature dynamics. Correspondingly, 

ASCs obtain frequent cell division in synchronism with their long life span, which 

makes these cells subject to mutation and subsequently forms tumours (López-Lázaro, 

2015a; López-Lázaro, 2015b). Additionally, the migration of progenitor cells (adult 

stem cells with limited differentiation) to an incorrect location can drive the existence 

of CSCs (Nguyen et al., 2012). The balanced signalling pathways for Wnt, Hedgehog, 

and Notch regulate the various normal stem cell properties, such as survival, apoptosis, 

self-renewal, and differentiation. Nevertheless, dysregulation, or over activation, for 

these crucial signalling pathways contributes to the survival of CSC populations (Cirri 

& Chiarugi, 2012; O'Leary et al., 2016).  

 

It is known that CSCs inhabit specific microenvironments known as niches. These 

specialised areas play critical roles in regulating CSC functions, and keep them away 

from immune cells. Additionally, they assist tumour cell initiation and generate 

metastases. However, targeting and understanding niches relevant to a specific type of 

cancer may help in approaching new therapies (Plaks, Kong & Werb, 2015). 

1.5.2 Cancer stem cells and stem cells  

CSCs share common characteristics with normal stem cells, such as a self-renewal 

capacity and differentiation capabilities. Both of them produce telomerase, which is 

essential for their life span (Rahman et al., 2016). In addition, similar signalling 

pathways, such as Wnt, BMI-1, Notch, and Sonic Hedgehog, help maintain their self-

renewal. Normal stem cells and CSCs determine versus properties such as normal 

karyotype for normal stem cells while CSCs develops abnormal karyotype. Self-
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renewal and differentiation are highly regulated in normal stem cells and highly 

dysregulated in CSCs (Rahman et al., 2016). The transcription factors CSCs express 

are typically core transcription factors of normal stem cells, such as OCT4, SOX2, and 

NANOG. Transcription factors, such as BMI1, which is involved in self-renewal, and 

Yin Yang 1 (YY1), which is commonly expressed in different types of cancer, have a 

marked role in assessing the function of CSCs transcription factors (Kaufhold et al., 

2016). 

1.5.3 CSCs identification strategy  

Identification of CSCs among cancer cell populations is critical. Nevertheless, different 

strategies have been used for CSCs isolation and identification. One major strategy to 

identify CSCs is based on the expression of cell surface markers and intracellular 

markers by developing designated antibodies targeting cell population markers using 

fluorescence activated cell sorting (FACS) (Chen et al., 2013). In 1997, the expression 

level CD34+ CD38− was the initial surface marker phenotype and had given outstanding 

elucidation of CSCs and leukemic stem cells (LSCs) in particular. Haematopoietic stem 

cells (HSCs) are positive for CD34 and CD38 in normal condition while LSCs not 

express the CD38 surface marker, which subsequently distinguishes between normal 

and leukemic cells (Dick, 1997). Likewise, CD133 and CD44 are important CSCs 

surface biomarker examples and are correlated with numerous cancer types (Ajani, et 

al. 2015). CSCs surface marker phenotype CD133 was reported as a putative marker in 

different human cancer types and its identification is critical to detect multiple cancers 

(Mak et al., 2014). The high expression of CD133 was significant in tumour cells 

derived from colorectal cancer and has been shown to be a vital link in terms of 

colorectal cancer survival rates (Wang et al., 2016). Overexpression of CD133 was also, 

reported with 51.4% of patients with diffuse-type gastric cancer and signalling pathway 

activation in Notch is thought to contribute to maintaining CD133 induction (Konishi 

et al., 2016). CD44 is another CSCs surface marker that is linked to metastasis in human 

breast tumours (McFarlane et al., 2015) and elevates in epithelial tumours, such as head 

and neck cancers (Prince et al., 2007). Furthermore, a set of CSCs surface markers 

together encompass CD133+, α2β1high, and CD44+ are employed as a powerful tool 

in prostate tumour investigation (Collins et al., 2005). Proper CSC determination can 
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provide a potent screening for malignant tumours that can assess prognosis and 

determine drug strategy (Chen et al., 2013). 

1.5.4 CSCs and chemotherapy strategy 

There is a known link between the CSCs and the reproduction of tumour cells through 

the activation of numerous mechanisms responsible for the dysregulation of signalling 

pathways and apoptosis, which causes chemotherapy resistance (Vidal et al., 2014). 

Nevertheless, the application of anti-CSC agents along with chemotherapy is a 

fundamental key to eradicating tumour cells and CSCs (see Figure. 1.6), such as the 

combination of both Cyclopamine and Imatinib to target chronic myeloid leukaemia. 

Cyclopamine compound targets CSCs while Imatinib eradicates cancer cells. The trial 

of this combined therapy is still under pre-clinical investigation (Vidal et al., 2014).  

 

The reside area of CSCs (niches) is found to sustain the life span of CSCs, as these 

microenvironments consist of extracellular matrix components, cell surface signalling 

molecules, and vascular and inflammatory cells. However, a number of studies propose 

to target the signalling pathways and niches supporting the dynamics of CSCs, which 

may work in parallel with chemotherapy to eliminate tumour cells (Borovski et al., 

2011; Hanahan & Coussens, 2012; Vidal et al., 2014). However, expression levels of 

CSCs surface markers can encourage the strategy of chemotherapy by providing an 

indication of cancer types and prognosis (Rahman et al., 2016).    
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Figure 1-6 The mechanism response of cancer stem cells to chemotherapy.  

The scheme describes the targeting of cancer stem cells and tumour cells with a combination 

of both conventional therapy (green) and anti-CSC agents targeting specific pathways (purple), 

and is highly proposed to eradicate tumour cell compartments (Vidal et al., 2014).    
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1.6 Testis expressed 19 (TEX19) 

1.6.1 TEX19 as a marker of pluripotency 

Tex19 is a specific gene in mammals, initially discovered in the germ cells of mice 

(Kuntz et al., 2008; Wang et al., 2001). In rodents, duplication of the Tex19 orthologue 

has generated pair paralogues in mice and rats, known as Tex19.1 and Tex19.2, whereas 

a single gene is present in humans. Both Tex19.1 and Tex19.2 are located on 

chromosome 11, while the human TEX19 is located on chromosome 17 (see Figure 

1.7). Human TEX19 and murine Tex19.1 are linked to a number of genes, including 

Sectm1, CD7 and UTS2R. In addition, in both humans and mice, Tex19 genes are found 

to be oriented similarly in line with the centromere and separated from the UTS2R locus 

by similar distance. This supports the idea that human TEX19 is closely related to 

murine Tex19.1 and suggests that it is the human gene orthologue for the Tex19.1 form 

(Kuntz et al., 2008).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1-7 Arrangement of the genomic location for Tex19 genes.  

Human TEX19 is located on chromosome 17, while both paralogue genes Tex19.1 and Tex19.2 

are located on chromosome 11. Compared to the paralogue gene Tex19.2, the human orthologue 

gene Tex19.1 is closer to the human TEX19 gene, being oriented in a similar direction (Kuntz 

et al., 2008).  
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The detected expression for the two paralogues differs. The expression of Tex19.2 has 

been found to be negative in early embryogenesis, being reported as specifically 

detected in male somatic gonad lineage and female germ cells. In contrast, murine 

Tex19.1 is detected in early embryo and pluripotent stem cells in mice and later 

becomes restricted to male germ cells (Kuntz et al., 2008). Interestingly, this paralogue 

has been found to express similarly to the stem cell marker Oct4, and its expression 

decreases upon embryonic stem cell differentiation. In addition, human TEX19 

expression has been found to be similar to that of murine Tex19.1, with specific 

expressions in the testes and undifferentiated embryonic stem cells (Kuntz et al., 2008). 

In human tissues, TEX19 expression has been identified in placental cells and in testis 

tissue in adults (Celebi et al., 2012). A recent study found TEX19 protein only in testis 

tissue, not in normal tissues (Zhong et al., 2016). 

 

 The function of Tex19 genes in mammals and humans is still unclear and poorly 

understood. However, murine Tex19.1 expression was found to be parallel to Oct4 gene 

expression (Kuntz et al., 2008). Oct4 is expressed in unfertilised oocytes, and detected 

in the inner cellular mass, which gives rise to embryonic stem cells. In addition, it is 

indispensable in generating pluripotency in stem cells (Nichols et al., 1998; Niwa et al., 

2000). Correspondingly, Tex19.1 expression was detected in unfertilised eggs, zygotes, 

inner cellular masses, and embryos, and was maternally inherited as other pluripotent 

markers (Kuntz et al., 2008). Consistent with this observation, Tex19.1 gene might be 

a transcription factor in self-renewal regulation and stem cell pluripotency. In contrast, 

Tex19.2 expression is different from murine Tex19.1, which suggest different function 

during the embryo development (Kuntz et al., 2008). Other studies have indicated a 

remarkable function for Tex19.1, in which its loss results in postponement of 

embryonic development (Reichmann et al., 2013). Tex19.1 deletion is found to cause 

defects in spermatogenesis and meiotic chromosomal synapsis, (Yang et al., 2010). As 

such, Tex19.1 deletion produces infertility in males as well as impairs spermatogenesis 

(Öllinger et al., 2008); its existence is essential for spermatogenesis and required for 

placenta development (Tarabay et al., 2013).  
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Studies have indicated the potential function for Tex19.1 in transposable elements 

regulation. In the early stage of spermatogenesis, Tex19.1 deletion in testes has 

provided consistent change in genes that are encoded for meiotic recombination, such 

as REC8, SPO11, and Smc1β, and synaptonemal complex genes involve Sycp1, Sycp2, 

and Sycp3 (Öllinger et al., 2008). In contrast, a significant upregulation change has been 

determined in long terminal repeats (LTRs)-retrotransposon MMERVK10C. However, 

this elevation in MMERVK10C element may drive spermatogenesis defects (Öllinger 

et al., 2008). Further study has supported the role of Tex19.1 in repressing 

retrotransposon in placenta in the female. The deletion of Tex19.1 in placenta cells 

elevates expression of long interspersed nuclear element (LINE-1). This elevation can 

contribute to retrotransposons deregulation, which is subsequent to placenta 

dysfunction (Reichmann et al., 2013). This finding establishes that, Tex19.1 is part of 

a regulated mechanism in the germ line to control transposable elements and sustain 

genomic balance through consecutive generation (Öllinger et al., 2008; Reichmann et 

al., 2013). Recent studies have suggested the function of TEX19 to supress transposable 

elements could be linked to the function of the flanking gene, Secreted and 

transmembrane1 gene (Sectm1), which is also involved in regulating retrotransposon 

activity (see Figure 1.8) (Bianchetti et al., 2015).  

 

 

 

 

 

 

 

 

 
Figure 1-8 representational diagram showing the Synteny of Tex19 and Sectm1 genes in 

mammals.  
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1.6.2 TEX19 as a CTA gene and potential cancer biomarker 

TEX19 is a specific human gene that was first identified as a novel meiosis-related CTA 

gene in 2012 (Feichtinger et al., 2012). The identification of this CTA gene was based 

on two approaches: first, a manual literature search for human genes reported as having 

specific expression in meiosis; and second, bioinformatics analysis to find specific 

human meiosis genes (Feichtinger et al., 2012) based on individual studies that reported 

cross-species expression in humans and mammals. However, this individual study 

assigned human orthologues to specific testis genes in mice to yield human testis genes 

which might be meiosis-specific (Chalmel et al., 2007; Feichtinger et al., 2012). The 

sequence data and information from expressed sequence tag (EST) libraries was 

assigned to exclude genes having negative expressions in testes and the central nervous 

system and genes not found in cancer EST libraries. Then, the candidate genes were 

subjected to further validation by RT-PCR, and the expression patterns yielded were 

analysed and subjected to cross-comparison in a meta-analysis. This statistical analysis 

involved microarray data obtained from cancer patients (Feichtinger et al., 2012). Based 

on the CTA gene classification described by Hofmann et al. (2008), TEX19 was 

classified as a cancer-selective CTA gene, and its expression pattern was determined in 

normal testis and thymus tissues. More significantly, TEX19 has shown remarkable 

expression in several different cancer cells. However, the explanation for determined 

expression in the thymus could be a physiological process, including age-related 

atrophy changes in thymus tissue (Feichtinger et al., 2012). 

 

To date, few studies have addressed whether TEX19 is a CTA gene. However, recently, 

Zhong et al. (2016) evaluated the expression of TEX19 in multiple bladder carcinoma 

samples and other normal human tissues, confirming the results of a study by 

Feichtinger et al. (2012) elucidating the restricted expression of TEX19 in testes and 

cancer tissues. However, this CTA gene was positive in 60% of bladder carcinoma 

samples and reported to have high expression levels in high-grade tumours. These 

findings encourage further investigation into whether TEX19 drives cancer-cell 

progression or expresses as an oncogene and into use of this CTA gene in immune 

therapy (Feichtinger et al., 2012; Zhong et al., 2016).  
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1.7  The project aims 

The overreaching aim of this project is to elucidate the functional role (s) of TEX19 in 

cancer and human stem cells. The specific goals of this project are as follows:  

 

1- To investigate the expression of TEX19 at the cellular and tissue levels in both 

normal and cancer tissues, as well as in distinct cancer cell lines, to re-evaluate 

whether the TEX19 is a definitive CTA gene.  

2- To investigate the expression of TEX19 in human induced pluripotent stem cells 

(iPSCs) and human embryonic stem cells (hESCs) to assess whether TEX19 

expression is restricted to pluripotent stem cells and if it has a role in conferring 

stemness features.  

3- To analyse the cellular localisation of TEX19 in normal tissues, cancer tissues, 

cancer cells, and cancer stem-like cells. 

4- To study the effect of TEX19 depletion in pluripotent embryonal carcinoma 

cells and other distinct cancer cells to determine if TEX19 is required to 

influence the proliferation of cancer cells.  

5- To assess the expression levels of a wide range of genes following TEX19 

depletion to determine whether TEX19 functions in transcriptional regulation  

6- To determine whether TEX19 regulates transposable elements in both cancer 

and human embryonic stem cells.  

7- To determine if TEX19 function is linked to the function of embryonic stem cell 

marker genes, including OCT4, NANOG, and SOX2.  
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2. Materials and methods  

2.1 The origins and sources of human cells 

The SW480, HCT116, LOVO, 1321N1, MCF7, G361 and COLO800 cancer cell lines 

were supplied by the European Collection of Cell Cultures (https://www.phe-

culturecollections.org.uk/collections/ecacc.aspx). The cancer cell line H460 was 

purchased from the American Type Culture Collection (https://www.atcc.org). The 

A2780 cancer cell line was gifted by Prof. P. Workman (Cancer Research UK Centre 

for Cancer Therapeutics, Surrey, UK). The NTERA2 cell line was generously provided 

by Prof. P.W. Andrews from the Centre of Stem Cell Biology (CSCB) at the University 

of Sheffield. The cancer cell line PE014 was obtained from Cancer Research 

Technology, Ltd. All cancer cell lines went through an authentication test at least once 

per annum, conducted by LGC Standard Services in the UK, to verify each cell line 

(Tracking numbers 710236782 and 710418378).   

2.2 Growing and culturing human cells 

Human cancer cells were cultured in different media based on the particular cancer cell 

line. The medium for each cell line was supplemented with 10% foetal bovine serum 

(FBS), purchased from Thermo Scientific (#10270). The optimal temperature for cell 

growth was 37°C in a humidified incubator, using sterile dH2O for the humidity. 

Variable conditions of CO2 were set up based on the cell type. All cell lines were 

cultured in 5% CO2 except for the NTERA2 cell line, which was maintained in 10% 

CO2. The proliferation conditions for the cells, along with the different media, are 

outlined in Table 2.1. A LookOut® Mycoplasma PCR Detection Kit was purchased 

from Sigma Aldrich (#MP0035) and used according to the manufacturer’s procedure. 

This check was conducted regularly on all cell lines to ensure that the cultures were 

always free of mycoplasma contamination.  

 

 

 

 

 

 

https://www.phe-culturecollections.org.uk/collections/ecacc.aspx
https://www.phe-culturecollections.org.uk/collections/ecacc.aspx
https://www.atcc.org/


 

40 

 

Table 2-1 The culture conditions for human cancer cells used in this study 

Cell line Type of cancer Medium Supplier  CAT# CO2

%  

 

SW480 Colon 

adenocarcinoma 

DMEM+ 

GLUTAMAXTM  

 

Thermo  

Scientific 

61965-026 5% 

HCT116 Colon carcinoma McCoy’s 5A 

medium+ 

GLUTAMAXTM  

 

Thermo 

Scientific 

36600-021 5% 

LOVO Colon 

adenocarcinoma 

Ham's F12 + 

GLUTAMAXTM  

 

Thermo  

Scientific,  

31765-027 5% 

1321N1 Brain 

astrocytoma 

DMEM+ 

GLUTAMAXTM  

 

Thermo  

Scientific  

61965-026 5% 

MCF7 Breast 

adenocarcinoma 

DMEM+ 

GLUTAMAXTM  

 

Thermo  

Scientific  

61965-026 5% 

PE014 Ovarian 

Adenocarcinoma 

RPMI 1640 + 

GLUTAMAXTM  

Thermo  

Scientific  

61870-010 5% 

A2780 ovarian 

carcinoma 

DMEM+ 

GLUTAMAXTM  

 

Thermo  

Scientific  

61965-026 5% 

NTERA2 Embryonal 

carcinoma 

DMEM+ 

GLUTAMAXTM  

 

Thermo  

Scientific  

61965-026 10% 

H460 Lung carcinoma RPMI 1640 + 

GLUTAMAXTM 

Thermo  

Scientific  

61870-010 5% 

G361 Malignant 

melanoma 

McCoy’s 5A 

medium+ 

GLUTAMAXTM  

 

Thermo  

Scientific  

36600-021 5% 

COLO800 Melanoma RPMI 1640 + 

GLUTAMAXTM 

Thermo  

Scientific  

61870-010 5% 
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2.3 The process of thawing human cells 

The cells were transferred from liquid nitrogen storage and placed to thaw in a clean 

water bath containing sterile dH2O for no more than 90 seconds. The thawed cells were 

added to 10 mL of complete medium in a sterile 15 mL conical tube with gentle mixing 

by pipetting for 10 seconds, and the conical tube was then centrifuged for 

approximately 3 minutes at 400xg. The medium was removed, 10 mL of the complete 

medium was added, and the cells were mixed by pipetting for 20 seconds. A 5 mL 

sample of the medium containing the cells was then transferred to each of two T25 

flasks. The flasks were incubated in a humidified incubator at the desired temperature 

and CO2 level (see Table 2.1).  

2.4 Passaging and maintenance of human cells 

The cells were thawed and incubated for 24 hours and then examined using light 

microscopy to confirm the correct morphology and cell confluence. The two 25 mL 

flasks were then moved to the hood for transfer into T75 flasks. The culture medium 

was removed from each T25 flask and the cells were washed with 1X DPBS buffer 

(Thermo Scientific #14190-094). The DPBS buffer was aspirated, and a volume of 

trypsin-EDTA solution (Thermo Scientific #25300054) not exceeding 0.5 mL was 

added to each T25 flask. The cells were then incubated for approximately 5 minutes to 

ensure complete detachment of all cells. The two T25 flasks were then returned to the 

hood, and 5 mL of complete medium was added to deactivate the trypsin-EDTA 

solution. The medium in each T25 flask was collected into one sterile 15 mL conical 

tube and centrifuged for about 3 minutes at 400xg. The medium was aspirated and 13 

mL of complete medium was added with gentle mixing, followed by transfer of the 

cells to a new T75 flask. The flask was then incubated with the optimal CO2 percentage 

and temperature for that cell type until the cells reached 70–80% confluence. The cells 

were then passaged again into two or more T75 flasks, using the same procedure.   

2.5 Human cell cryopreservation 

Human cell banking solution was prepared by adding 1 mL DMSO (Sigma #D8418) to 

9 mL FBS in a sterile 15 mL conical tube to make final concentration of 10% DMSO; 

this solution was designated as the cell freezing medium. Each single freezing needed 
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1mL of 10% DMSO solution; the rest of the freezing medium was stored at -20°C until 

further use. In order to progress to the banking step, the cells were grown in T75 flasks 

until 80% confluence. The medium was discarded and the cells were washed with 1X 

DPBS buffer and then trypsinised with 1mL of trypsin-EDTA solution for 5 minutes in 

the incubator. Subsequently, 10 mL of complete medium was added to the cells, and 

the mixture was transferred to a 15 mL conical tube and centrifuged for 5 minutes at 

400xg. The medium was aspirated and the pellets were resuspended in 1mL of 10% 

DMSO. The resuspended pellets were transferred immediately to a cryopreservation 

vial labelled with the type of cells, passage number and date. The cells were stored for 

24–48 hours at -80°C and then transferred to a liquid nitrogen tank for long-term 

storage. 

2.6 Human cell counting  

Cells were counted by collecting them in a sterile tube, suspending them in complete 

medium, and mixing by gentle pipetting. A 10 μL volume of suspended cells was mixed 

with 10 μL of Trypan blue dye (Gibco® #15250-061) and 10 μL of that mixture was 

transferred to the chamber of a cell counting slide (Bio-Rad; Cat: 145-0011). The slide 

was inserted in to an automatic cell counter (Bio-Rad; TC10TM) to obtain the cell count. 

2.7 The source and maintenance of human embryonic stem cells  

The human embryonic stem cells (hESCs) in this research study were generously 

provided by Prof. Peter Andrews from the Centre of Stem Cell Biology at the University 

of Sheffield. The obtained human embryonic stem cells were the SHEF6, H9, H7S14 

and H7S6 cell lines. The SHEF6, H9 and H7S14 primary cell lines had normal 

karyotypes, while the H7S6 cell line was reported to have an abnormal karyotype. The 

hESC culture was carried out for the SHEF6 line using mouse embryonic fibroblasts 

(MEFs) as feeder cells for cell culturing. By contrast, the SHEF6, H9, H7S14 and H7S6 

primary cell lines were cultured using vitronectin as a feeder-free system at the Centre 

of Stem Cell Biology at the University of Sheffield. 
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2.8   The culture of mouse embryonic fibroblasts (MEFs) 

2.8.1 The preparation of MEF cells medium  

Mouse embryonic fibroblasts (Amsbio #GSC-6201M) were used as feeder cells to grow 

the hESCs that had been banked in liquid nitrogen. The MEFs were cultured in 

complete medium freshly prepared by combing DMED medium (Thermo Scientific 

#21969035) with 15% FBS (Thermo Scientific, Gibco #10270). Subsequently, the 

complete medium was filtered using disposable vacuum filter units (EMD Millipore 

#SCGP00525). The medium was used immediately or stored at -20°C. 

2.8.2 Thawing and plating of MEF cells  

The MEF cells were thawed in a clean water bath at 37°C for 90 seconds. A 1 mL 

volume of thawed cells was then added to 10 mL of complete medium in a sterile 15 

conical tube, and this was centrifuged for 3 minutes at 400xg. Subsequently, the 

medium was removed and 10 mL of fresh complete medium was added. The cells were 

resuspended by gently pipetting up and down and 5 mL of the medium containing the 

resuspended cells was transferred to each of two T25 flasks. The cells were incubated 

in 5% CO2 in a humidified incubator at 37°C. The cells were then left for 24 hours to 

adhere to the flask and be ready for use. The MEF cells were not allowed to grow in 

the incubator for more than 8 days; new MEF cells were prepared after that time.  

2.9   The culture of human embryonic stem cells on feeder cells 

The culturing of human embryonic stem cells (hESCs) on MEF cells after 

cryopreservation is essential. Culturing the hESCs on MEF cells requires refreshing of 

the complete medium. The complete medium for this culture was prepared by 

combining of 40 mL of DME/F-12 free serum media, 10 mL of KO serum, 250 μL of 

glutamine, 90.9 μL of β-mercaptoethanol, 0.5 mL of 1% NEAA and 2 μL of human 

bFGF. All these components were mixed thoroughly and the resulting medium was 

filtered (see Table 2.2 for more details). The hESC cells were removed from liquid 

nitrogen storage and thawed in a clean water bath at 37°C for 90 seconds. A 1 mL 

volume of cells was then added to 10 mL of the complete medium in a sterile tube and 

centrifuged for 3 minutes at 400xg. The medium was then discarded, 5 mL of complete 

medium was added, and the cells were resuspended. Subsequently, the medium in one 
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flask plated with MEF cells was discarded and the MEF cells were washed at least once 

with 1X DPBS. The complete medium containing the hESCs was then added to the T25 

flask coated with MEF cells. The flask was then transferred to a humidified incubator 

with a 5% CO2 atmosphere at 37°C to culture the hECSs. The medium was changed 

regularly and the hESCs were monitored every day. The cultures were split after the 

hESCs reached 70–80% confluence. 

Table 2-2 Components of the medium used to culture the hESCs on feeder cells  

Component  Stock 

concentration  

Final 

concentration 

1X Source CAT# 

DME/F-12 --------- 80% 40 mL Sigma  D8437 

Knock Out (KO) 

serum 

--------- 20% 10 mL Thermo 

Scientific 

10828010 

Glutamine 200 mM 1 mM 250 μL Thermo 

Scientific 

25030024 

β-

mercaptoethanol 

55 mM 0.1 mM 90.9 μL Thermo 

Scientific 

21985023 

NEAA 100X 1% 0.5 mL Thermo 

Scientific 

11140050 

Human bFGF 0.1 mg/mL 4 ng/mL 2 μL Thermo 

Scientific 

13256029 

 

2.10 The passage of human embryonic stem cells on feeder cells 

Three T25 flasks were plated with MEF cells, prepared as described in Section 2.8.2, 

at least a day before passage. The medium in these flasks was discarded, the cells were 

washed with 1X DPBS and 4 mL of complete hESC medium was added. The medium 

from a culture flask containing confluent hESCs was removed, the cells were washed 

with 1X DPBS, and 1 mL of collagenase (Thermo Scientific #17104019) was added. 

The cells were left for approximately 5–7 minutes in the incubator at the desired 

percentage of CO2 and temperature. The collagenase was aspirated and 3 mL of hESC 

medium was added. Glass Beads were placed in the T25 flask with 3 mL of complete 

medium and the flask was gently shaken to detach the hESCs. A 1 mL of the cells was 
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then transferred to each of the 3 previously prepared flasks. The medium was changed 

regularly and the cells were monitored every day. 

 

2.11 The banking of human embryonic stem cells  

The medium of confluent flasks was discarded and the cells were washed with 1X 

DPBS. One millilitre of collagenase was added and left for approximately 5–7 minutes 

in the incubator at the desired percentage of CO2 and temperature. The collagenase was 

removed and 3 mL of hESC cell medium was added. Beads were added to the T25 

flask, which was then gently shaken to detach the cells. The cells were transferred to a 

sterile 15 mL conical tube and centrifuged for 3 minutes at 400xg. The medium was 

discarded and the cells were suspended in 1 mL cryopreservation medium (FreSR™-S, 

Stem Cell Technology #05859) and immediately transferred to cryopreservation tubes, 

stored at -80°C for 24 hours and then placed in liquid nitrogen. Freezing medium 

containing a combination of 10% DMSO and 90% Knockout (KO) serum was also 

used. 

2.12 The culture of human embryonic stem cells on a feeder-free 

system 

The hESCs were cultured on feeder-free system using vitronectin (#A14700) in T25 

flasks and E8 medium (supplied by CSCB). Vitronectin is a recombinant human protein 

that supports the growth of hESCs with limited variability. The E8 medium was 

designed for the hESCs growing on feeder-free systems and is characterised by its 

support of these cells, so that they grow and expand with perfect morphology. 

Vitronectin was defrosted on ice and prepared by adding 100 mL of 1X DPBS buffer 

to 1 mL of vitronectin in a sterile tube and gently mixing. A 3 mL volume of the 

prepared vitronectin was added to the each T25 flask and the flasks were left at least 1 

hour in the hood at room temperature before use. This allowed the vitronectin to coat 

the flask and become a feeder for the cells.  

 

In order to culture the hESCs in feeder-free conditions, 4 mL of E8 medium was placed 

in four vitronectin-coated T25 flasks. The medium from hESCs grown on feeder cells 

(MEF) was discarded, the cells were washed with 1X DPBS, and 4 mL of E8 medium 

was added. The cells were scraped smooth with a sterile fine pipette tip (Alpha Labs 
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#LW4061). Subsequently, 1 mL of cells was transferred to the 4 flasks. The cells were 

then incubated in a humidified incubator with 5% CO2 at 37°C. The medium was 

changed regularly and the cells were monitored every day. The culturing and splitting 

of hESC cultures was performed based on the nature of each experiment. 

2.13 The passage of human embryonic stem cells on a feeder free 

system 

Passage of the hESCs at a precise time is important to keep them in perfect morphology 

and to avoid cell differentiation and the occurrence of abnormal karyotypes. As soon as 

the hESCs reached confluence, the medium was discarded and the cells were washed 

with 1X DPBS. Next, 5 mL of E8 medium was added and the cells were scraped smooth 

with a sterile fine pipette tip. A 1 mL of cells was added to T25 flasks coated with 

vitronectin, and 4 mL of E8 medium was added and gently mixed to prevent the cells 

from localising in one place in the flask (The E8 medium could be added before the 

cells). 

2.14 NTERA2 differentiation 

A set of inducer agents, including retinoic acid and hexamethylene bisacetamide 

(HMBA), was applied to differentiate human embryonal carcinoma cells (NTERA2). 

The retinoic acid and HMBA medium was prepared by adding 3 mg/mL retinoic acid 

and 3 mM HMBA inducer to 500 mL of complete medium (DMEM+GlutamaxTM +10% 

FBS). DMSO medium was prepared as a control by adding 5 mL of DMSO to 500 mL 

of complete medium. The total RNA was extracted from the differentiated cells as 

described in Sections 2.16. The differentiation components condition are listed in Table 

2.3. Experiments were repeated three times at least.   

 

2.15 The differentiation of human embryonic stem cells (hESCs) 

The hESCs were differentiated with 3 mg/mL of retinoic acid added to E6 medium at 

different selected timelines. The differentiation was carried out on a feeder-free system 

(vitronectin). The E6 medium is characterised by its support of somatic cells and the 

absence of bFGF factor, which is essential to maintain embryonic stem cells. As a 

result, the embryonic cells will differentiate and the retinoic acid will direct them to a 
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neuronal pathway. The total RNA was extracted from the differentiated cells as 

described in Sections 2.16. The differentiation components condition are listed in Table 

2.3. Experiments were repeated three times at least.   

 

Table 2-3 Differentiation inducers and media with the preparation conditions 

Component  Source  Cat# Preparation 

Conditions  

DMEM+GlutamaxTM Thermo  

Scientific 

61965-026 Used for no more than 

2 weeks. 

Essential 6™ Medium Thermo  

Scientific 

A1516401 Used for no more than 

2 weeks. 

DMSO Sigma  D8418 ------------------- 

Retinoic acid Sigma R2625 In darkness 

HMBA Sigma 224235 In darkness 

 

2.16 The extraction of total RNA from human cells  

The total RNA from human cells was isolated utilising the RNeasy Plus Mini kit 

(Qiagen, 74134). The culture medium was aspirated. The cells were washed with 1X 

DPBS buffer and then trypsinised with 1 mL of trypsin-EDTA. The trypsin-EDTA was 

aspirated and complete medium was added to the cells to deactivate trypsin. The cells 

were then collected in a sterile tube and centrifuged for 3 minutes at 400xg. The medium 

was aspirated and cells were suspended with 1X DPBS buffer, and then centrifuged for 

3 minutes at 400xg. The wash buffer was aspirated and the pellets were re-suspended 

in 1 mL of 1X DPBS and transferred to a sterile Eppendorf tube. The cells were 

centrifuged for 3 minutes at 400xg and the wash buffer was aspirated. Subsequently, 

RLT Plus buffer was added to the pelleted cells at 350 μL for <5 × 106 cells and 600 

μL for 5 × 106 to 1 × 107 cells. The cells were vortexed with RLT Plus buffer for 30 

seconds to obtain a homogenised lysate, which was then transferred to a gDNA 

Eliminator spin column placed in a 2 mL collection tube and centrifuged for 30 seconds 

at ≥1000xg. The column was discarded and the flow-through was saved. One volume 

of 70% ethanol was added to the collection tube (either 350 μL or 600 μL, based on the 

volume of RTL Plus added previously). Up to 700 μL of the sample was transferred to 

an RNeasy spin column placed in a 2 mL collection tube and centrifuged for 15 seconds 
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at ≥1000xg and the flow-through was discarded. A 700 μL volume of RW1 buffer was 

added and spun for 15 seconds at ≥1000xg and the flow-through was discarded. A first 

and second addition of 500 μL RPE buffer was spun for 15 seconds and 2 minutes, 

respectively, at ≥1000×g and the flow-through was discarded each time. The RNeasy 

spin column was placed in a new sterile Eppendorf tube and 30 μL of RNase-free water 

was added. The Eppendorf tube was centrifuged for 1 minute at ≥1000xg to elute the 

RNA. A NanoDrop ND-1000 spectrophotometer was used to assess the quality and 

quantity of the obtained RNA.  

2.17 Total RNA isolation from human embryonic stem cells  

The culture medium was aspirated and the cells were washed with 1X DPBS buffer. 

The cells were scraped with sterile beads in 5 mL 1X DPBS buffer. The cells were 

transferred to a 15 mL sterile conical tube and centrifuged at 400xg for 3 minutes.  The 

wash buffer was aspirated and the cells were suspended in 1 mL of 1X DPBS and 

transferred to a sterile Eppendorf tube. The cells were centrifuged for 3 minutes at 

400xg and the wash buffer was aspirated. RLT Plus buffer was added and RNA 

isolation followed the protocol described in Section 2.16. 

2.18 The synthesis of complementary DNA (cDNA) 

The total RNA from normal human tissues was purchased from Clontech (#636643) 

and total RNA from the cancer tissues was supplied by both Ambien and Clontech. The 

total RNA for number of cancer cells used in this study was generated in the McFarlane 

lab from cell cultures (see Table 2.1). The RNA from hESCs was extracted from 

cultures in the McFarlane lab and Prof. P.W. Andrews’s lab at Sheffield University. 

The total RNA for induced pluripotent stem cells (iPSCs) and fibroblasts was produced 

from tissue culture in the McFarlane lab.  

 

According to the manufacturer’s instructions, 1μg of the total RNA was used to 

synthesise complementary DNA using SuperScript® III First-Strand Synthesis 

(Thermo Scientific #18080051). The quality of generated cDNA was assessed using 

the human βACT gene as an endogenous control. All components of the SuperScript® 

III First-Strand synthesis were defrosted on ice and then vortexed and centrifuged 

briefly. A 1 μg sample of total RNA from each sample was added to a sterile PCR tube, 
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followed by addition of 1 μL of 50 μM oligo (dT) and 1 μL of 10 µM dNTP. 

Subsequently, DEPC treated water was added to reach a final volume of 10 μL. The 

RNA mixture was vortexed and spun briefly, incubated in a PCR machine at 65°C for 

5 minutes, and then placed on ice for at least 1 minute. During the RNA mixture 

incubation, the cDNA synthesis mix was prepared for each sample by combining the 

following components in a new sterile PCR tube: 2 μL of 10X RT buffer, 2 μL of 0.1 

M DTT, 4 μL of 25 mM MgCl2, 1 μL of RNase Out and finally 1 μL of SuperScript. 

The resulting 10 μL of cDNA synthesis mix was added to each RNA mixture and this 

reaction mix was incubated in the PCR machine for 50 minutes at 65°C and terminated 

at 85°C for 5 minutes. The PCR reaction mix was placed on ice for 1 minute, 1 μL of 

RNase H was added, and the mixture was incubated for 20 minutes at 37°C. The cDNA 

reaction products were diluted eight fold by addition of DEPC treated water and stored 

at -20°C until use. 

2.19 Analysis of the polymerase chain reaction (PCR) products and 

agarose gel preparation   

The sequences of genes of interest were obtained from the database of the National 

Centre for Biotechnology Information (http://www.ncbi.nlm.nih.gov/gene, while 

ensuring the spanning of at least one intron. The RT-PCR primers were designed using 

special software, including the Oligonucleotide Properties Calculator 

(http://biotools.nubic.northwestern.edu/OligoCalc.html) and Primer3 software 

http://primer3.ut.ee/. The synthesised primer sequences were supplied from the 

Eurofins MWG operon (https://www.eurofinsgenomics.eu/). The primers were diluted 

using sterile dH2O following the manufacturer’s instructions to a final concentration of 

10 pmol. The sequences of the synthesised RT-PCR primers are detailed in Table 2.4. 

 

The RT-PCR process was initiated by synthesising the complementary DNA, followed 

by PCR reaction amplification. The PCR reaction used BioMix Red (BioLine; BIO-

25006). For each reaction, the following components were combined in a sterile PCR 

tube: 25 μL of BioMix Red, 1 μL of forward primer, 1 μL of reverse primer, 2 μL of 

diluted cDNA and sufficient RNase/DNase free water to make a final volume of 50 μL. 

The PCR reaction tube was vortexed, centrifuged briefly and then placed in the PCR 

machine (Techne TC-312 thermal cycler) for the amplification. The amplification 

http://www.ncbi.nlm.nih.gov/gene
http://biotools.nubic.northwestern.edu/OligoCalc.html
http://primer3.ut.ee/
https://www.eurofinsgenomics.eu/
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cycles were 96°C for 5 minutes as a pre-cycling step, followed by a denaturation step 

at 96°C for 30 seconds for 40 cycles. The annealing temperature was 55°C for 30 

seconds and then extension at 72°C for 40 seconds. The PCR reaction ended with a 

final extension temperature at 72°C for 5 minutes. The PCR reaction mixture was 

loaded onto a prepared 1% agarose gel (MELFORD #9012-36-6), together with a 

HyperLadder™ (BIOLINE; BIO-33054) to estimate the yield product size. The agarose 

gel was prepared with 1X TE buffer (Alpha Laboratories #EL0080) and stained by 

adding 8 μL of peqGREEN dye (PEQLAB; PEQL37-5010). The gel electrophoreses 

unit was programmed to run at 400 mA and 120 V for 60 minutes. Experiments were 

repeated three times at least.   

Table 2-4 The sequences for the designed RT-PCR primers and the expected product 

size 

Gene Primer Sequence  Product 

Size (bp) 

 

 

TEX19 

Forward  

 

5'- GTGCCCACATGAACAGAGAC -3' 

 

 

344  

Reverse  

 

5'- GACATGCCCTCTTCCTCATAC -3' 

 

OCT4 

Forward  

 

5'- CTGGAGAAGGAGAAGCTGGA -3' 

 

509  

Reverse  

 

5'- GCATAGTCGCTGCTTGATCG -3' 

 

NANOG  

Forward  

 

5'- CTGCTGAGATGCCTCACACG -3' 

 

497  

Reverse  

 

5'- GCTCCAGGTTGAATTGTTCC -3' 

 

SOX2  

Forward  

 

5'- GCAACCAGAAAAACAGCCCG -3' 

 

590  

Reverse  

 

5'- CGAGTAGGACATGCTGTAGG -3' 

 

βACT 

Forward  

 

5'- AGAAAATCTGGCACCACACC-3' 

 

553  

Reverse  

 

5'- AGGAAGGAAGGCTGGAAGAG -3' 
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2.20 Sequencing PCR products 

PCR product was cleaned up using PureLink™ Quick Gel Extraction and PCR 

Purification Combo Kit (Thermo Scientific #220001), according to the manufacturer’s 

instructions. 300 ng of each purified PCR product was sent to Eurofins MWG for 

sequencing to confirm identity using primers from Table 2.4. The obtained sequencing 

results were aligned and blast against corresponding genes using blast tool 

https://blast.ncbi.nlm.nih.gov/Blast. 

 

2.21 Procedure for the quantitative polymerase chain reaction (RT-

qPCR). 

The sequences for the RT-qPCR primers were obtained and designed utilising 

http://www.ncbi.nlm.nih.gov/tools/primer-blast/, https://primerdepot.nci.nih.gov/ and 

http://www.ensembl.org/index.html. 1X Tris-EDTA buffer solution (Sigma #T9285) 

was used to prepare the commercial primers according to the manufactures’ 

instructions. The designed RT-qPCR primers are listed Table 2.5 and the commercial 

primers utilised in the quantitative PCR assays are listed in Table 2.6.  

 

The quantitative polymerase chain reaction was carried out using GoTaq® RT-qPCR 

Master reagents (Promega #A6001), following the manufacturer’s instructions. A 2 μL 

sample of diluted cDNA in a 20 μL final reaction volume were placed in each well of 

a Hard-Shell® 96-well plate (BioRad #9655) and each reaction was repeated in 

triplicate. The reaction amplification was performed at 95°C for 10 minutes for the pre-

denaturation step, followed by denaturation at 95°C for 15 seconds for 40 cycles. The 

primer sequences were annealed at 60°C for 1 minute, followed by 60°C for 5 seconds, 

and then an extension step at 95°C for 5 seconds. After the completion of 40 cycles, the 

melt was analysed. In addition, two negative controls were used to ensure no 

contamination, and at least two reference genes were applied for normalisation. The 

quantitative PCR assays were achieved with a BioRad CFX analyser and the results 

were analysed using BioRad CFX Manager Software (version 2). In all RT-qPCR 

experiments, delta delta CT method was used for the calculation of RT-qPCR 

quantification. This method straight uses the threshold cycle (CT) data, which is 

https://primerdepot.nci.nih.gov/
http://www.ensembl.org/index.html
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generated from RT-qPCR system to calculate the relative gene expression in reference 

and target samples, using a reference gene as the normalizer. The CT value is the cycle 

in which the detectable signal (fluorescence) can be achieved. For all experiments, dual 

endogenous reference genes were used at least. The obtained results by RT-qPCR were 

statistically examined using the t-test to yield any significant difference.  All RT-qPCR 

Experiments were repeated three times at least.   

 

Table 2-5 The designed sequences used for RT-qPCR primers in this study 

 

Genes 

 

Primer  

 

Sequence  

 

 

Amplicon 

Size (bp) 

 

GPR137B  Forward 5'-GGGCAACCGGTATTTGAGTA-3' 

5'-ACCCTCACGCTGATGAACTT-3' 

90 

GPR137B  Reverse 

ATG16L1 Forward 5'-GCATTGTCCAGCAGGAACTT-3' 

5'-AAATGATTTTGCAAGCCGAA-3' 

108 

ATG16L1 Reverse 

DTWD1 Forward 5'-CGCCAAAAGCAAGTTTTTCT-3' 

5'-CACCTGGAACCAAACAAACA-3' 

93 

DTWD1 Reverse 

MRS2 Forward 5'-GGCCACTTCCCATGAACATA-3' 

5'-AATGGGAGTTGCTTTTGGAA-3' 

98 

MRS2 Reverse 

FAM117B Forward 5'-TACTGGAGGGGCTTGAAGAA-3' 

5'-AGGTCTCCGGAGCAGAGC-3' 

106 

FAM117B Reverse 

LONRF1 Forward 5'-TCAGACAGTTCATCAGGCAGA-3' 

5'-GCACCATATTGTCCTCTTTGC-3' 

119 

LONRF1 Reverse 

FAM98B Forward 5'-AGATAATCCACCCTCTGCCG-3' 

5'-GAGACGTGCTGGACACACTG-3' 

92 

FAM98B Reverse 

ZCCHC2 Forward 5'-GGGAGTCTGATGATATGGACTG-3' 

5'-ACATCCTGACCTAGAGCCCA-3' 

110 

ZCCHC2 Reverse 

ZBTB18 Forward 5'-TCGCTCAGACACTGTAGCAAA-3' 

5'-CCAGCAGGACTCAGAGGAAA-3' 

110 

ZBTB18 Reverse 

INPP4B Forward 5'-TTCTGGTAGGACACTGGTTCG-3' 

5'-CATTCCCATCTGAGTATCCCA-3' 

107 

 INPP4B Reverse 

ARHGAP9 Forward 5'-GGCCACTCCTCTTTTCCTCT-3' 

5'-ACAATCGGCTGAGAATGAGAA-3' 

148 

ARHGAP9 Reverse 

C4BPB Forward 5'-TAGCCATGAACTGGATTCCC-3' 

5'-TCGGAGCCAGTGTCTAGAGG-3' 

96 

C4BPB Reverse 

CACNA1G Forward 5'-AAAGAGGCTGGTGAAGACGA-3' 

5'-TCCTGGTCAACACACTCAGC-3' 

101 

CACNA1G Reverse 

PCDHB13 Forward 5'-ATGGAGACCAGGGATGTGAG-3' 

5'-CGTCAGCGCTACAGACAGAG-3' 

102 

PCDHB13 Reverse 

GPR183 Forward 5'-TTCCCTGAGGAGTTGCAGAG-3' 

5'-GACCCGAACGAGTCACTGAT-3' 

95 

GPR183 Reverse 

TFAP2E Forward 5'-CCACCAGGCTGTCTTTGG-3' 

5'-GGGAATGAGCCTCCTAGACC-3' 

101 

TFAP2E Reverse 

CD274 Forward 5'-TGTCAGTGCTACACCAAGGC-3' 

5'-ACAGCTGAATTGGTCATCCC-3' 

108 

CD274 Reverse 
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DAAM2 Forward 5'-GATGCCCTAGGTCCTCATTG-3' 

5'-CATGCCCTGACTTTACCAGG-3' 

94 

DAAM2 Reverse 

SPINK2 Forward 5'-TGCCACACACAGGGTTAAAG-3' 

5'-CAGCCTCTCTGATCCCTCAA-3' 

108 

SPINK2 Reverse 

TRIM54 Forward 5'-GGACTGCCATAGAGGATTCG-3' 

5'-TCCAAACCAGTGGTGATCCT-3' 

93 

TRIM54 Reverse 

CCNE1 Forward 5'-CCACACCTGACAAAGAAGATGATGAC-3' 

5'-GAGCCTCTGGATGGTGCAATAAT-3' 

84 

CCNE1 Reverse 

CTSL2 Forward 5'-TTACATAGCCATTCGAGCCC-3' 

5'-TACGGCTTTGAAGGAGCAAA-3' 

91 

CTSL2 Reverse 

CYFIP1 Forward 5'-AGGTCCACGTTGGACAGC-3' 

5'-GCCAAGGAAACTCCCAGG-3' 

106 

CYFIP1 Reverse 

DIXOC1 Forward 5'-ACAGGTGCTGCTGACAGTTG-3' 

5'-GGGTCAAGTCACCCAGAACT-3' 

107 

DIXOC1 Reverse 

FHL2 Forward 5'-GTGCCGGTCCTTGTAAGACA-3' 

5'-GGTGTGCTTTGAGACCCTGT-3' 

94 

FHL2 Reverse 

GAR1 Forward 5'-CACCTGGAGGTCGAGGTAAA-3' 

5'-TTGTCAGAAAACATGAAGGCT-3' 

106 

GAR1 Reverse 

MATA2 Forward 5'-CCGACGGCCTTATGCTCCT-3' 

5'-CTGGGCCACCAGATCTTTGAC-3' 

146 

MATA2 Reverse 

MDC1 Forward 5'-AATGGCTGTGTAGCCAGGAC-3' 

5'-CTTCATGTTGACTCCACCCC-3' 

102 

MDC1 Reverse 

MYB Forward 5'-GCAGGTTCCCAGGTACTGCT-3' 

5'-GCACCAGCATCAGAAGATGA-3' 

107 

MYB Reverse 

MYL9 Forward 5'-CTTGCTGGACATCTTGGCTT-3' 

5'-GGAGTCCAGACCCGACG-3' 

106 

MYL9 Reverse 

PTBP2 Forward 5'-TCGTCAGATCCTCTCTTCACG-3' 

5'-CTCGGTTCTTGTGAGCGAA-3' 

90 

PTBP2 Reverse 

TRIM55 Forward 5'-GAATCAGCTCCACTGCCACT-3' 

5'-TGCACCTGCAGCTACTTCTC-3' 

90 

TRIM55 Reverse 

PNLDC1 Forward 5'-TACCACCCCCTCATCTTTCA-3' 

5'-TGGATGACTCTTCCTGGGAT-3' 

108 

PNLDC1 Reverse 

PROZ Forward 5'-ACCACAGAAGTCTTTTCCTTCG-3' 

5'-GGTGCTGACCTCTGAGAAGC-3' 

91 

PROZ Reverse 

PAPPA2 Forward 5'-GGTGCCAGTTTGCTGTTCTA-3' 

5'-CTGTGACAGTGATTAAGGAGCA-3' 

107 

PAPPA2 Reverse 

CAMK4 Forward 5'-AGCATAAGGCTTCTGGGTCC-3' 

5'-CGATTTCTTCGAGGTGGAGT-3' 

91 

CAMK4 Reverse 

LGALS14 Forward 5'-TCGATGGGCAAAGTTGTAAA-3' 

5'-AGATGGCAAACCATTTGAGC-3' 

94 

LGALS14 Reverse 

LY6G6C Forward 5'-CAGGGACCTTGTAGCAGGAG-3' 

5'-CCATGAAAGCCCTTATGCTG-3' 

90 

LY6G6C Reverse 

GREM2 Forward 5'-CAGGGAAAGCTTCCAGAACA-3' 

5'-CCCGCTGTGGACTAGAGAAC-3' 

118 

GREM2 Reverse 

XIRP1 Forward 5'-TGTTCAGCAGGGTAGAGGCT-3' 

5'-CAAGAACCTCCAGAGGAACG-3' 

110 

XIRP1 Reverse 

LY96 Forward 5'-TCCCTTGAAGGAGAATGATATTG-3' 

5'-ATTTGCCGAGGATCTGATGA-3' 

90 

LY96 Reverse 

DACT3 Forward 5'-GTAGGGCGCTGAGAAGGAC-3' 

5'-CATCTATGCCAGTGAGAGGC-3' 

106 

DACT3 Reverse 
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UPB1 Forward 5'-CTCGTACAGAAGGCAAAGGG-3' 

5'-TCTGCCCTTCATAGACGCAT-3' 

110 

UPB1 Reverse 

KLKB1 Forward 5'-GTGAGAACCCTGGCAACATC-3' 

5'-TGGATTCTCACTGAAGCCCT-3' 

102 

KLKB1 Reverse 

SEPT12 Forward 5'-ATCAGGTGCTCTTGGTCAGC-3' 

5'-GTGCTTTGACGAGGACATCA-3' 

96 

SEPT12 Reverse 

MORN5 Forward 5'-TAGCCCTTTCGACAGGTACG-3' 

5'-ACCCAGTCACGAGGGTAGTC-3' 

100 

MORN5 Reverse 

GPX5 Forward 5'-AAGTGCGATGGCCTCATAGT-3' 

5'-CCCTTCTCCTAGCCTGCTTT-3' 

110 

GPX5 Reverse 

POU2F3 Forward 5'-ATGGCAGGTCCTTGACTCAG-3' 

5'-GGCCTAGATTTCAACAGGCA-3' 

101 

POU2F3 Reverse 

CDHR2 Forward 5'-TCCCATAGGTCAGAGGGTCA-3' 

5'-CAGTGATCCTGCCTGAGGAC-3' 

90 

CDHR2 Reverse 

TSN Forward 5'-ACACAACAAATGCTGCCAAG-3' 

5'-TGAAGACCAAATTTCCTGCTG-3' 

96 

TSN Reverse 

VIL1 Forward 5'-ACACAGGTGGAGGTGCAGAAT-3' 

5'-GGTTGGTCGCTGTCCACTTC-3' 

79 

VIL1 Reverse 

LINE-1 Forward 5'-AAATGGTGCTGGGAAAACTG-3' 

5'-GCCATTGCTTTTGGTGTTTT-3' 

209 

LINE-1 Reverse 

SINE Forward 5'-ACGAGGTCAGGAGATCGAGA-3' 

5'-GATCTCGGCTCACTGCAAG-3' 

173 

SINE Reverse 

HERV K 

gag 

Forward 5'-CCCGACATTTGTCTTGGTCT-3' 

 

5'-CCTGGGGAATCCTTCTCTTC-3' 

 

178 

HERV K 

gag 

Reverse 

HERV K 

pro 

Forward 5'-TGTTCCTCAGGGTTTTCAGG-3' 

 

5'-CCCTGGAAGCAGAGAGACTG-3' 

 

153 

HERV K 

pro 

Reverse 

HERV K 

pol 

Forward 5'-TTGAGCCTTCGTTCTCACCT-3' 

 

5'-CTGCCAGAGGGATGGTAAAA-3' 

216 

HERV K 

pol 

Reverse 

HERV K 

env 

Forward 5'-AAATTTGGTGCCAGGAACTG-3' 

 

5'-CCACATTTCCCCCTTTTCTT-3' 

 

145 

HERV K 

env 

Reverse 

HERV K 

HML2 rec 

Forward 5'-ATGAACCCATCGGAGATGCA-3' 

 

5'-AACAGAATCTCAAGGCAGAAGA-3' 

 

160 

HERV K 

HML2 rec 

Reverse 

HERV 

K 107 

Forward 5'-GAGAGCCTCCCACAGTTGAG-3' 

 

5'-TTTGCCAGAATCTCCCAATC-3' 

172 

HERV 

K 107 

Reverse 

HERV 

K 10 

Forward 5'-GATAACGTGGGGGAGAGGTT-3' 

 

5'-TCCATCCATGTGACTGGTGT-3' 

156 

HERV K 10 Reverse 
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Table 2-6 Commercial RT-qPCR primers used in this study 

Gene Evaluate Name Source  CAT# 

 

 

GAPDH 

 

 

Hs_GAPDH_2_SG  

 

 

Qiagen 

 

 

QT01192646 

 

 

TUBA1C  

 

 

Hs_TUBA1C_1_SG 

 

 

Qiagen 

 

 

QT00062720 

 

 

YWHAZ 

 

 

YWHAZ_1_SG 

 

 

Qiagen 

 

 

QT00087962   

 

 

β-Actin 

 

 

Hs_ACTB_1_SG 

 

 

Qiagen 

 

 

QT00095431 

 

 

PAX6 

 

 

Hs_PAX6_1_SG 

 

 

Qiagen 

 

 

QT00071169 

 

 

POU5F1 

 

 

Hs_POU5F1_1_SG 

 

 

Qiagen 

 

 

QT00210840   

 

 

NANOG 

 

 

Hs_NANOG_2_SG 

 

 

Qiagen 

 

 

QT01844808 

 

 

SOX2 

 

 

Hs_SOX2_1_SG 

 

 

Qiagen 

 

 

QT00237601 

 

 

TEX19 

 

 

Hs_TEX19_1_SG 

 

 

Qiagen 

 

 

QT00033047   

 

 

PIWIL1 

 

 

Hs_PIWIL1_1_SG 

 

 

Qiagen 

 

 

QT00064638   

 

 

PIWIL2 

 

 

Hs_PIWIL2_2_SG 

 

 

Qiagen 

 

 

QT01681085   

 

 

PIWIL3 

 

Hs_PIWIL3_1_SG 

 

 

Qiagen 

 

QT00071526 

 

 

PIWIL4 

 

 

Hs_PIWIL4_1_SG 

 

 

Qiagen 

 

QT00011074 
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2.22 Extraction of total protein from human cells  

Confluent cells (Table 2.1) were detached with trypsin and washed with 1X DPBS. 

Complete medium was then added to stop the trypsin reaction. The cells were collected 

in a sterile conical 15 mL tube and centrifuged for 5 minutes at 400xg. The medium 

was then aspirated and the pellets were washed once using 1X DPBS buffer. The pellets 

were suspended in 1X DPBS, transferred to new Eppendorf tubes, and centrifuged for 

3 minutes at 400xg. The wash was removed, 100–150 μL of M-PER lysis buffer 

(ThermoFisher #78503) was added and the cell pellets were homogenised by gently 

pipetting up and down. A 1 μL of protease inhibitor (Thermo Scientific #87785) was 

added for each 100 μL of M-PER lysis buffer. The lysed cell pellets were then set up 

on a shaker for 10 minutes at room temperature. Subsequently, the cell pellets were 

centrifuged in a cooled condition for 15 minutes at 1000xg. The supernatant (the 

protein) was transferred to a sterile Eppendorf tube and stored immediately at -80°C 

until needed. The lysates of human normal tissues were obtained as a commercial 

product and the protein amount was added according to the manufacturer’s instructions 

(see Table 2.7). 

 

Table 2-7 The sources of human normal lysates analysed by western blotting 

Normal lysate  Source  CAT# Loading amount  

Testis  Abcam  Ab30257 20 µg 

Skeletal muscle  Abcam Ab29331 20 µg 

Thymus  Abcam Ab30146 20 µg 

Colon  Abcam Ab30051 20 µg 

Small intestine  Abcam Ab29276 20 µg 

Ovary  Abcam Ab30222 20 µg 

Breast  Abcam Ab30090 20 µg 

Lung  Novus Biological  NBP2-27734 20 µg 

Liver  Novus Biological NBP2-29220 20 µg 
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2.23 Extraction of total protein from human embryonic stem cells  

The culture medium was aspirated and the cells were washed with 1X DPBS buffer. 

The cells were scraped with sterile beads in 5 mL of 1X DPBS buffer. The cells were 

transferred to a sterile conical tube and centrifuged at 400xg for 3 minutes. The wash 

buffer was aspirated and the pellet was suspended in 1 mL of 1X DPBS and transferred 

to a sterile Eppendorf tube. The cells were centrifuged for 3 minutes at 400xg and the 

wash buffer was aspirated. Next, 100 μL of M-PER was added and the total protein 

isolation followed the protocol described in Section 2.22. 

2.24 Protein concentration assessment 

The amount of extracted protein was evaluated by the Pierce™ BCA Protein Assay Kit 

(Thermo #23225) to ensure equivalent protein level loading on the western blots. The 

kit was provided with a set of protein standards (prepared from bovine serum albumin) 

and working solutions A and B. The working reagent was prepared by combining 50 

parts of Reagent A and one part of Reagent B, followed by gentle mixing and protecting 

from direct light. Next, 1 μL of each standard and protein sample was added 

individually to 200 μL of the prepared working reagent. The samples were covered with 

foil and incubated for 30 minutes at 37°C. A Nano-Drop ND-1000 spectrophotometer 

was used to assess the standard curve and the concentration of the yielded protein. 

2.25 Western blotting analysis of proteins from human cells 

Each sample was prepared using Bolt® Sample Reducing Agent (Thermo Scientific 

#B0009), Bolt® LDS Sample Buffer (Thermo Scientific #B0007) and 30 μg of the total 

extracted protein in an Eppendorf tube, following a brief vortex and spin. The samples 

were incubated for 10 minutes at 70°C and then loaded onto a commercial 15-well 

Bolt™ 4–12% Bis-Tris Plus Gel (Thermo Scientific #NW04125BOX). A Precision 

Plus Protein™ Dual Colour Standard (Bio-Rad #161-0374) was loaded alongside the 

protein sample to estimate the protein molecular weight. The Bolt MES SDS Buffer 

(Thermo Scientific #B0002) was prepared by dilution the concentrated reagent (20X) 

in dH2O to make a final volume of 1X for the western blot or protein separation. The 

electrophoresis unit was programmed at 165 V for 40 minutes. Following the protein 

separation, the protein was transferred to a PVDF membrane using a Trans-Blot® 
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Turbo™ RTA Mini PVDF Transfer Kit (Bio-Rad #1704272). Transfer buffer was 

prepared by composing 200 mL of 5x transfer buffer (BIO-RAD #10026938), 200 mL 

of absolute ethanol and 600 mL of nanopure water.   

 

The PVDF membrane (pore size 0.2 μm) was activated in pure methanol for at least 2 

minutes, following the manufacturer’s instructions in the kit, and placed in distilled 

water and then in the transfer buffer until used. Two stacks were thoroughly wetted 

with transfer buffer. Next, the PVDF membrane was positioned on a wet stack, 

followed by the protein gel and another wet stack. Subsequently, the protein gel was 

transferred electrophoretically for 7 minutes utilising a Trans-Blot® Turbo™ Transfer 

System for rapid transfer with high efficiency. Once the protein was transferred to the 

PVDF membrane, a blocking step was then applied. The blocking solution was 

prepared with 5% dry milk in 1X DPBS/0.5% Tween 20. The membrane was placed in 

the blocking solution for at least 1 hour. Next, the membrane was probed with primary 

antibody and incubated overnight at 4°C. The PVDF membrane was washed 3 times 

with 1X DPBS/0.5%/Tween (Tween buffer) and then probed with the secondary 

antibody for 1 hour, followed by 3 washes with Tween buffer.Antibody detection and 

western blot analysis followed the Pierce ECL Plus Substrate (Thermo Fisher #32132) 

instructions. The CL-XPosure Film (Thermo Scientific #34091) used here is an 

outstanding photographic film for use with ECL substrates for horseradish peroxidase 

(HRP) and developing visualised bands using optimal exposure times. Primary and 

secondary antibodies are listed Tables 2.8 and 2.9. Experiments were repeated three 

times at least.   

 

Table 2-8 The primary antibodies and optimal concentrations for the western blot 

analyses 

Primary Antibody Company CAT# Host    Application  Dilution 

Anti-α-Tubulin Sigma T6074 Mouse WB 1:5000 

Anti-GAPDH Santa Cruz SC-365062 Mouse WB 1:3000 

Anti-TEX19 R&D AF6319 Sheep WB 1:200 

Anti-MAGEC1 Abcam Ab61404 Mouse   WB 1:500 
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Table 2-9 Secondary antibodies and the optimal concentration for the western blot 

analyses 

Secondary Antibody Company CAT# Target 

species   

Applicatio

n  

Dilution 

Anti-mouse  Cell Signalling  7076 Mouse WB 1:3000 

Anti-sheep  R&D HAF016 Sheep WB 1:20000 

 

2.26 Knockdown in human cancer cells by siRNA  

Human cancer cells in the confluence stage were seeded at 2×105 cells per well in a 6-

well plate (Costar #3516) using complete medium (10% FBS added). The cells were 

then incubated overnight at the desired temperature and CO2 percentage to allow 

attachment. The next day, fresh medium added. An siRNA was prepared in a sterile 

Eppendorf tube for each well by combining 100 μL of the appropriate serum-free 

medium, 6 μL Hiperfect Transfection Reagent (Qiagen #301705) and 1.2 μL 10 μM 

siRNA. For the targeted sequence genes, see Table 2.10. The mixture was vortexed, 

spun briefly, and then incubated for 15 minutes at room temperature. The mix was then 

added dropwise to each well, with gentle shaking. A negative non-interference control 

(Qiagen #1022076) was applied alongside the experimental tests to assess the 

effectiveness of siRNA knockdown. The cells were incubated and same procedure was 

carried out for further 2 days, to give 3 siRNA treatments in total. The cells were then 

harvested for RNA isolation or protein extraction. Experiments were repeated three 

times at least.   

 

2.27 Knockdown in human embryonic stem cells by siRNA 

Human embryonic stem cells were seeded at 1×106 cells in T25 flasks using E8 medium 

on a feeder-free system and incubated for 24 hours. The culture medium was then 

removed and replaced with fresh medium. A mixture of siRNA was prepared in a sterile 

Eppendorf tube for each flask by combining 100 μL of the medium, 8 μL of Hiperfect 

Transfection Reagent (Qiagen #301705) and 1.2 μL of 10 μM siRNA for the targeted 

sequence gene (see Table 2.10). The mixture was vortexed, spun briefly and then 

incubated for 15 minutes at ambient temperature. Next, the mix was added and each 

flask was shaken gently. A negative non-interference control (Qiagen #1022076) was 
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applied alongside the experimental samples to assess the effectiveness of the siRNA 

knockdown. The cells were then incubated and the same procedure was carried out for 

3 more days at exactly the same time, to give 4 siRNA treatments in total. The cells 

were then harvested for RNA or protein analysis. Experiments were repeated three 

times at least.   

 

Table 2-10 The target sequences of siRNA used for knockdown of human TEX19 gene 

Gene  Source & siRNA 

Name 

CAT# Target sequence 

 

TEX19 

 

Qiagen  

Hs_FLJ35767_7 

 

SI04247705 

  

 

5’TTCAACATGGAGATCAGCTAA3' 

 

Non-

interfering 

siRNA 

Qiagen 

Negative 

Control siRNA 

 

1022076 

  

 

------------------------------------ 

 

2.28 Immunofluorescence (IF) protocol   

2.28.1 Human cell seeding  

Human cells were seeded on sterile coverslips at 1×105 cells per well in a 24-well plate 

(Chemglass Life Sciences; 12 mm; #CLS-1760-012) in complete medium. The cells 

were then incubated at the optimum temperature and CO2 percentage until they reached 

80% confluence. 

2.28.2 Human cell fixation 

The medium was aspirated and the cells were washed once with 1X DPBS. The cells 

were then fixed in 1 mL 4% paraformaldehyde (Thermo Scientific #28908) for 10 

minutes. The paraformaldehyde fixing solution was removed and the cells were washed 

3 times with 1X DPBS buffer at room temperature for 5 minutes with shaking. The 

washes were discarded and 1 mL 0.2% Triton was added to the cells as a 

permeabilisation agent. The cells were incubated in the hood for 10 minutes and the 

permeabilisation buffer was then discarded. The cells were again washed with 1X 

DPBS buffer 3 times for 5 minutes. The blocking buffer was prepared by combining 

47.5 mL of 1X DPBS and 2.5 mL of FBS. The wash was aspirated and 1 mL of blocking 
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buffer was added to each well. The cells were incubated on a shaker for 1 hour at room 

temperature.  

2.28.3 Antibodies and cell mounting  

Following the incubation, the blocking solution was removed and the optimal 

concentration of primary antibody was added to each well (see Table 2.11). The primary 

antibody was diluted in a blocking solution and about 300 μL was transferred to each 

well. The primary antibody was added and the plate was incubated overnight at 4°C in 

the dark.  

 

The primary antibody was removed and the cells were washed with 1X DPBS buffer 3 

times for 10 minutes at room temperature; the plate was placed on a shaker for each 

wash. The optimal concertation of secondary antibody was then added to each well. 

The secondary antibody was diluted in a blocking solution and about 300 μL transferred 

to each well (see Table 2.12). The secondary antibody was incubated for approximately 

2 hours at room temperature with foil covering the plate. All secondary antibodies were 

prepared in the dark and diluted with blocking solution. After the completion of 

secondary antibody incubation, the cells were washed with 1X DPBS 3 times for 10 

minutes. Prolong® Gold Antifade Reagent with DAPI (Cell Signalling #8961) was 

utilised to mount the coverslips. A Zeiss LSM 710 confocal microscope was used to 

detect the immunofluorescence and the images were analysed using ZEN software. IF 

Experiments were repeated three times at least.   

 

Table 2-11 Primary antibodies and the optimal concentrations for immunofluorescence 

assays. 

Primary Antibody Company CAT# Host  Clone  Dilution 

 

Anti-α-Tubulin 

 

Sigma 

 

T6074 

 

Mouse 

 

Monoclonal  

 

1:1000 

 

Anti-TEX19 

 

Abcam 

 

ab185507 

 

Rabbit 

 

Polyclonal  

 

1:500 
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Table 2-12 Secondary antibodies and the optimal concentrations for 

immunofluorescence assays. 

Antibody Dye/Label Wavelength 

of light (nm) 

Source 

&CAT# 

Host  Species 

Reactivity 

Dilution 

Anti-mouse 

IgG (H+L) 

Alexa 

Fluor® 

568 

578 / 603 Life 

Technologies 

A11031 

Goat Mouse 1:500 

Anti-rabbit 

IgG (H+L) 

Alexa 

Fluor® 

488 

495 / 519 Life 

Technologies 

A11034 

Goat Rabbit 1:500 

 

2.29 Growth curves of human cell proliferation  

The human cells were seeded in 6-well plates at 2×105 cells per well for the SW480 

and H460 cell lines and 2.5×105 cells per well for the NTERA2 cell line. The incubation 

was carried out with the required CO2 percentage and the optimal temperature, based 

on the cell line. After 24 hours, the cells were treated with TEX19 siRNA together with 

the negative non-interference control for each well, as described in section 2.26. On the 

next day, the cells were counted with an automatic cell counter and the total protein 

was extracted. Each count and protein isolation was performed in triplicate. The human 

cell proliferation was monitored by curve analysis for 8 days after siRNA treatment. 

Experiments were repeated three times at least.   

 

2.30 Extreme limiting dilution analysis (ELDA) in human cells 

SW480, H460 and NTERA2 cells were seeded in a 96-well plate (Costar; Corning 

3474) and incubated at the required CO2 enrichment and optimal temperature. The cells 

were plated at different cell numbers (1000, 100, 10 and 1 cell per 100 μL of complete 

media). A further 12 wells of repeats containing untreated cells and non-interfering 

siRNA were prepared alongside the TEX19 siRNA treated cells. On the next day, the 

medium was replaced with fresh medium. An siRNA mixture was prepared in a sterile 

Eppendorf tube for each well by combining 4.7 μL of the appropriate serum free 

medium, 0.3 μL of Hiperfect Transfection Reagent (Qiagen #301705) and 0.1 μL of 10 

μM siRNA for the human TEX19 gene. The mixture was vortexed, spun briefly, and 

then incubated for 15 minutes at room temperature. The mix was then added dropwise 
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to each well of the 24-well plate with gentle shaking. The cells were incubated for 10 

days at the appropriate CO2 percentage and temperature. The TEX19 siRNA treatment 

was carried out for the first 3 days alongside the non-interfering siRNA treatment. The 

cells were supplied with 50 μL of medium to maintain them during the long incubation. 

After 10 days, the positive cells in the wells were counted using a light microscope. 

The analysis of the self-renewal frequency was conducted using the ELDA web tool 

http://bioinf.wehi.edu.au/software/elda/. Experiments were repeated three times at 

least.   

 

2.31 Immunohistochemistry (IHC) 

Altered human cancer tissues and nearby normal tissues were obtained from different 

patients of both genders and various ages (see Table 2.13). Written consent was 

provided by each individual patient. In addition, the use of these samples was approved 

by the local research ethics committee (North Wales Research Ethics Committee – 

West). All the cancer and normal tissues were fixed in formalin and embedded in 

paraffin. The immunohistochemistry was conducted on 4 μm thick tissue sections. A 

Ventana Benchmark XT instrument was utilised for the automated staining following a 

standard Immunohistochemistry protocol. Polyclonal rabbit antibody purchased from 

Abcam (#185507) was used as primary antibody for the IHC application. Discovery 

Universal Secondary Antibody (Biotinylated Ig cocktail) from Roche (#760-4205) was 

used .The Ventana iCoreo slide scanner was utilised for capturing the digital images. 

Experiments were repeated three times at least.   

  

Table 2-13 patient information and tumour staging  

case Gender  Age  Site  Differentiation  Duke’s 

Stage  

T N M EVA 

C45 M 90 Ascending  Poor  B 3 0 X No 

C35 F 77 Caecum  Moderate  B 3 0 X No  

C12 F 69 Transverse  Moderate  B 2 0 X No  

 

T-tumour, N-node, M-metastasis, EVA- extramural vascular invasion.  

 

 

 

 

 

 

http://bioinf.wehi.edu.au/software/elda/
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3. Evaluation of TEX19 expression in normal human 

tissues, cancer cells/tissues and stem cells 

3.1 Introduction  

One of the major intrinsic features of CTA genes is their expression in tumour cells and 

silencing in normal somatic tissues (McFarlane et al., 2015). Expression of these genes 

is normally restricted to human germline tissues. However, their activation in somatic 

tissues can contribute to oncogenesis (Caballero & Chen, 2009; Fratta et al., 2011; 

Whitehurst, 2014). These genes are also termed cancer germline genes; their 

exceptional expression means that they can be employed as cancer biomarkers and new 

therapeutic targets (McFarlane et al., 2015). Some CTA genes have also been reported 

to be expressed in the placenta, foetus and ovary, as well as in immature cells, including 

trophoblasts and spermatogonia (Costa et al., 2007; Scanlan Simpson & Old, 2004). In 

addition, some CTA genes can be activated in other immune privileged tissue, such as 

the brain, in which their expression level is often lower than 1% of that in normal testes 

(Caballero & Chen, 2009; Fratta et al., 2011). The expression of some CTA genes has 

been detected in cancer stem-like cells, and these genes termed cancer/testis/stem genes 

(Ghafouri-Fard, 2015, Yamada et al., 2013).  

 

The testis is an immune-privileged organ encompassing about 250 testicular lobules 

that are separated by tissue barriers; each lobule contains between one and three 

seminiferous tubules. The epithelium of the seminiferous tubules consists of germ cells 

and Sertoli cells. Germ cells produce sperm cells by the process known as 

spermatogenesis. Sertoli cells contribute to nourishing the developing sperm cells 

(Durairajanayagam et al., 2015; Jones & Lopez, 2013). In this vein, 

immunohistochemistry has shown that CTAs are clearly present in the testis, 

spermatogonia, primary spermatocytes and Sertoli cells in seminiferous tubules (Yang 

et al., 2005). Different CTAs show different patterns of staining, where some CTAs, 

such as MAGE-1 and MAGE-3, have shown strong cytoplasmic and variable nuclear 

staining (Jungbluth et al., 2000). In addition, nuclear pattern staining was detected for 

some CTAs, such as HORMAD1, while cytoplasmic only staining was shown for 

SPANX (Caballero & Chen, 2009).  
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RT-PCR analysis have revealed that CTA genes are expressed in different type of 

cancers. However, not all CTA genes are expressed at similar levels, and their detection 

is altered in different cancer types (Hofmann et al., 2008; Scanlan, Simpson & Old, 

2004; Whitehurst, 2014). In cancers like melanoma, bladder cancer, hepatocellular 

carcinoma and non-small-cell lung cancer, CTA genes have been reported to have a 

high level of expression; meanwhile, moderate expression has been observed in prostate 

and breast cancer, and low expression has been found in bowel and renal cancer 

(Scanlan, Simpson & Old, 2004; Hofmann et al., 2008). However, this encourages the 

idea that CTA genes can play a significant role in effecting tumour progression, and 

they can be useful as targets in immunotherapy (Grizzi et al., 2015).  

 

Until now, a limited amount of research has studied the expression of TEX19 in 

mammals, or more specifically, in humans. In mice, Tex19.1 gene has been expressed 

in both the placenta and adult testis. Tex19.1 was found to be in a similar fashion 

expressed as Oct4 in the early stage of embryonic development, and its expression 

decreases during differentiation; thus, its role as pluripotent marker was proposed 

(Kuntz et al., 2008). In human, TEX19 was found to be expressed in testis and silenced 

in normal tissues except weak expression in thymus in some samples. In addition, 

TEX19 found to be activated in distinct cancer types, and it has been identified as a 

CTA gene (Feichtinger et al., 2012). Furthermore, Zhong and co-workers (2016) 

confirmed the restricted expression of TEX19 in the testis, and the presence of the 

protein in range of bladder carcinoma samples (Zhong et al., 2016).   

 

The aim of the work described in this chapter is to study TEX19 expression profiles 

with a view to determining whether it is a definitive CTA gene. A further aim is to 

investigate its expression in multiple pluripotent cells to determine whether TEX19 

could be a stem determining gene. An additional goal is to determine the cellular 

localisation for TEX19 protein to provide insight into protein function (s). 
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3.2 Results  

3.2.1 Analysis of TEX19 expression in human normal tissues and 

cancer cells 

 

To evaluate the expression patterns of TEX19, RT-PCR analysis was carried out in 21 

normal tissues. The cDNA of these normal tissues was synthesised from total RNA. In 

RT-PCR analysis, the βACT gene was used to assess the quality of synthesised cDNA 

and as a positive control for the cDNA. The expression of TEX19 in multiple normal 

tissues was assessed, and it was detected only in the testis and very weakly in the 

thymus (Figure 3.1). The PCR products for both TEX19 and βACT migrated to 

approximately the expected sizes (344 bp and 553 bp, respectively).  

 

The expression study of TEX19 was extended further for investigation in several cancer 

cell lines using RT-PCR. The cDNA was synthesised from total RNA. In the RT-PCR 

assay, screening of the βACT gene was used to assess the quality of synthesised cDNA 

and as a positive control for the generated cDNA. The results showed a wide range of 

expression for TEX19 (Figure 3.2). A high expression signal was detected in colon 

adenocarcinoma (SW480 and LOVO), colon carcinoma (HCT116), liver carcinoma 

(HEP G2), cervical adenocarcinoma (HeLa-S3), ovarian carcinoma (A2780) and 

leukaemia (jurkat). Less apparent expression signal was detected in astrocytoma 

(1321N1), embryonal carcinoma (NTERA2), colon adenocarcinoma (HT29), colon 

carcinoma (T84), lung adenocarcinoma (H460), prostate adenocarcinoma (PC-3), 

breast carcinoma (MDA-MB-453 and MCF-7), ovary tumour, ovarian cancer 

(oestrogen receptor negative PE014), melanoma (G361, MM127, COLO800 and 

COLO857), epidermal carcinoma (A-431), Burkitt lymphoma (Raji) and leukaemia (K-

562), although weak bands are associated in most cases.  

  

Based on the results obtained from RT-PCR in normal and cancer cells, the 

investigation was carried out using RT-qPCR for further confirmation. The same cDNA 

as in the previous analysis was used to quantify the expression levels of TEX19. The 

values of the cycle threshold (Ct) were determined after amplifying TEX19 to analyse 

the expression level. Ct values > 37 were considered negative expression. The TEX19 

expression levels in normal tissues shown by RT-qPCR were consistent with the results 
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obtained by RT-PCR. TEX19 showed significant expression in the testis, with 

detectable Ct values = 30.13. Weak expression was detected in the thymus, with Ct 

values = 36.22; this was extremely close to the relative cut-off. In the rest of the 

samples, Ct values of either zero or > 37 were detected; this was considered negative 

expression (Figure 3.3 A & B).  

 

The TEX19 expression level was deteced by RT-qPCR in the most of cancer samples 

(Figure 3.4 A), which was consistent with the RT-PCR results. Positive expression was 

determined with Ct values < 37. TEX19 showed significant expression in the testis, with 

detectable Ct values = 28.06. Cancer samples of SW480, HCT116, LOVO, HEP G2, 

A2780, K-562, Burkitt lymphoma (Raji) and leukaemia (jurkat) cells showed 

significant expression. The cancer samples detected with Ct values > 37 were 

considered to show negative expression (Figure 3.4 A & B).  

   

 

 

 
 
Figure 3-1 RT-PCR analysis of the TEX19 gene expression in normal human tissues. 

Agarose gels present the TEX19 expression in normal human tissues. The expected PCR 

product size of TEX19 is 344 bp. The expression profile of the βACT gene was used as a positive 

control for the cDNA samples synthesised from normal tissues. dH2O was used as negative 

control. The PCR product of βACT has an expected size of 553 bp. 

 

 

 

 

 

 



 

69 

 

 

 

 

 

 

 

 

 

 
 

Figure 3-2 RT-PCR analysis of TEX19 gene expression in human cancer cells. 

Agarose gels present the TEX19 expression in cancer cells. The expected PCR product size of 

TEX19 is 344 bp. The expression profile of the βACT gene was used as a positive control for 

the cDNA samples synthesised from cancerous cells. dH2O was used as negative control. The 

PCR product of βACT has an expected size of 553 bp. 
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Figure 3-3 RT-qPCR analysis of the TEX19 gene expression in normal human tissues. 

(A) Bar chart presenting the expression levels of the TEX19 gene in the testis and 

multiple normal tissues. The obtained data were normalised using a combination of two 

endogenous reference genes, TUBA1C and GAPDH. The error bars show the standard errors of 

the mean. (B) Chart presenting the calculated Ct values following TEX19 cDNA amplification 

in normal tissues. Samples above the cut off line show with a Ct value > 37 and are considered 

to represent negative expression. Samples with no detectable TEX19 expression have Ct values 

of zero and shown on the graph above as blue dashes.     
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Figure 3-4 RT-qPCR analysis of the TEX19 gene expression in human cancer cells. 

(A) Bar chart presenting the expression levels of TEX19 gene in the testis and numerous 

cancer cells. The obtained data were normalised using a combination of two endogenous 

reference genes, TUBA1C and GAPDH. The error bars show the standard errors of the mean.  

(B) Chart presenting the calculated Ct values following TEX19 cDNA amplification in cancer 

cells. Samples above the cut-off line exhibit a Ct value > 37 and are considered to represent 

negative expression. 
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3.2.2 Analysis of TEX19 protein levels in normal human tissues and 

cancer cells 

 

TEX19 protein level was assessed in multiple normal human tissues, human embryonic 

stem cells (hESCs), fibroblast cells by western blotting and distinct cancer cells using 

polyclonal antibody (R&D, #AF6319). In normal tissues, MAGEC1 was used as a CTA 

control. Two positive loading controls were used (anti-GAPDH and anti-α-Tubulin). 

The MAGEC1 protein migrated to approximately 124 KDa, as expected. Both loading 

controls migrated to the expected protein size (approximately 37 KDa and 50 KDa for 

anti-GAPDH and anti-α-Tubulin, respectively). The TEX19 protein size is predicted to 

be approximately 18.5 KDa, and it was found to migrate at approximately 24 KDa in 

this study. The approximate predicted size of the protein was indicated with an arrow 

(Figure 3.5 B and C). The band migrating below this is suggested to be a degradation 

product. TEX19 depletion verified the specificity of the used antibody (Figure 3.5 D). 

 

In normal tissues, the presence of TEX19 was significantly detected in the testis, while 

very weak signals were found in the thymus (Figure 3.5 A). TEX19 protein was 

detected in hESCs; normal fibroblast exhibited negative results, as no signal was 

observed (Figure 3.5 B). In addition, the presence of TEX19 was detected in all cancer 

cell lines tested (Figure 3.5 C). Strong signals were observed in colon cancer (SW480 

and HCT116), ovarian carcinoma (A2780), ovarian cancer (oestrogen receptor negative 

PE014), large-cell lung carcinoma (H460), breast carcinoma (MCF-7), malignant 

melanoma (G361) and leukaemia (JURKAT). Weaker signals were detected in 

embryonal carcinoma (NTERA2), astrocytoma (1321N1), cervical adenocarcinoma 

(HeLa-S3) and melanoma (COLO800).  
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Figure 3-5 Western blot analysis of TEX19 protein levels in normal tissues, hESCs and 

distinct cancer cell lines.  
(A) The results demonstrate the TEX19 protein levels in normal tissues, with a strong band in 

the testis and a very faint band in the thymus. MAGEC1 was used as a CTA control. GAPDH 

was used as a loading control. (B) TEX19 is present in all cancer cell lines. GAPDH was used 

as a loading control. (C) TEX19 is present in hESCs but not in fibroblasts. (D) TEX19 siRNA 

depletion in H460 showing anti-TEX19 antibody (R&D, #AF6319) specificity. Tubulin was 

used as a loading control.  
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3.2.3 Analysis of TEX19 expression in human embryonic stem cells 

and induced pluripotent stem cells  

 

The expression of human TEX19 was investigated in hESCs and induced pluripotent 

stem cells (iPSCs) using RT-PCR and RT-qPCR. The RNA was generated in the 

McFarlane lab for both hESCs and iPSCs. Moreover, iPSCs were originally 

reprogrammed from human fibroblasts, and these fibroblasts were used as a negative 

control. Testis tissue were used as a positive control. Cancer stem cells (CSCs) and 

NTERA2 cells were used as a positive control representing stem cells that can express 

the stem cell marker genes OCT4, NANOG and SOX2. The SW480 cancer cell line 

presented high expression of TEX19. Using RT-PCR, TEX19 was detected with 

significant expression in hESCs and iPSCs, while it was negative in fibroblasts (Figure 

3.6 A). The βACT gene was used to assess the quality of synthesised cDNA and as a 

positive control for the generated cDNA. The PCR products for both TEX19 and βACT 

migrated to approximately the expected sizes (344 bp and 553 bp, respectively). 

Furthermore, OCT4, NANOG and SOX2 were detected in hESCs, iPSCs, CSCs and 

NTERA2 (Figure 3.6 B). The expression of stem cell markers verifies the pluripotency 

of these cells. Fibroblast cells did not express OCT4, NANOG and SOX2. PCR products 

for OCT4, NANOG and SOX2 migrated to approximately the expected sizes (509 bp, 

497 bp and 590 bp, respectively).  

 

Based on the results obtained by RT-PCR, further confirmation was carried out using 

RT-qPCR in hESCs and iPSCs. CSCs and NTERA2 were used as a positive stem cell 

controls, and they expressed OCT4, NANOG and SOX2. Fibroblasts were used as a 

negative control for iPSCs. SW480 was included as a further cancer cell line express 

TEX19. The obtained results by RT-qPCR showed significant expression of TEX19 in 

hESCs and iPSCs, while negative expression was detected in fibroblasts (Figure 3.7 A). 

These findings were consistent with the RT-PCR results. OCT4, NANOG and SOX2 

were expressed in hESCs, iPSCs and the positive control cells (NTERA2 and CSCs). 

Fibroblast cells did not express OCT4, NANOG and SOX2. OCT4 and SOX2 showed 

higher expression levels compared to NANOG in hESCs, iPSCs and NTERA2 cells 

(Figure 3.7 B, C and D).   
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Figure 3-6 RT-PCR analysis of TEX19 gene expression in hESCs and iPSCs.  

(A) TEX19 expression in hESCs and iPSCs. The expression profile of the βACT gene was 

used as a positive control for the synthesised cDNA. Testis tissue was used as a positive 

control. CSCs and NTERA2 were used as a positive stem cell control. fibroblast cells were 

used as a negative control for the iPSCs. SW480 was used as a cancer cell line. (B) 

Expressions of OCT4, NANOG and SOX2 genes as stem cell markers. The PCR products 

were detected with the expected sizes (presented on the left).  
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Figure 3-7 RT-qPCR analysis of the TEX19 gene expression in hESCs and iPSCs. 
(A) Bar chart presenting the expression levels of the TEX19 gene in hESCs and iPSCs. CSCs 

and NTERA2 calls were used as positive stem cell controls. Fibroblast cells were used as a 

negative control for the iPSCs. SW480 was used as cancer cell line. (B) Bar chart showing the 

expression levels of the OCT4 gene in hESCs, iPSCs, CSCs and NTERA2. (C) Bar chart 

demonstrating the expression levels of the NANOG gene in hESCs, iPSCs, CSCs and NTERA2. 

(D) Bar chart showing the expression levels of the SOX2 gene in hESCs, iPSCs, CSCs and 

NTERA2 cells. OCT4, NANOG and SOX2 genes were used as stem cell markers. The obtained 

data were normalised using a combination of two endogenous reference genes, YWHAZ and 

GAPDH. The error bars show the standard errors of the mean. 
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3.2.4 Analysis of TEX19 expression in human differentiated cancer 

stem-like cells 

As can be seen in Figures 3.6 and 3.7, TEX19 was activated upon the reprogramming 

of iPSCs from human fibroblasts, while its detection was negative in fibroblasts. In line 

with this, TEX19 expression was investigated during the differentiation period to 

determine whether TEX19 expression is correlated with the stemness features. 

NTERA2 represents embryonal carcinoma, and this was used because it shares 

characteristic with stem cells due to the expression of the stem cells markers. NTERA2 

cells were differentiated using two inducer agents, namely retinoic acid and HMBA. 

Two controls were used, namely untreated cells and DMSO. NTERA2 cells were 

differentiated for 10 days. Total RNA was extracted and the cDNA was synthesised for 

each day. To verify successful differentiation, OCT4 was used as a stem cell marker. 

The transcript levels of both OCT4 and TEX19 were analysed according to 

differentiation time using RT-qPCR.  

 

The differentiation of NTERA2 cells was successful. As can be seen in Figures 3.8 and 

3.9 A and B, the mRNA levels of both OCT4 and TEX19 in untreated cells and DMSO 

remained constant as positive controls. The analysis of OCT4 mRNA levels in the cells 

treated with retinoic acid showed a significant decline from day 2, and the OCT4 

transcript levels  started to be unmeasurable  at day 5 (Figure 3.10 B). This indicates 

that NTERA2 cells became differentiated. On days 2, 3 and 4, OCT4 transcripts were 

detected with a significant reduction (p<0.05, p<0.0001 and p<0.0001, respectively). 

In addition, the analysis of TEX19 mRNA levels showed significant reductions on all 

days except day 3 (Figure 3.10 A). The p-values were p<0.001 for days 1, 6, 7 and 9. 

For days 2, 5 and 8, the p-value<0.01. The p-value was p<0.05 for Day 4. The analysis 

of OCT4 transcript levels in the cells treated with HMBA showed a significant decline 

from day 1, and the OCT4 mRNA could not be detected from day 5 (Figure 3.11 B). 

This indicated successful differentiation. On days 1, 2, 3 and 4, OCT4 transcripts were 

detected with a significant reduction (p<0.05, p<0.01, p<0.0001 and p<0.0001 

respectively). In addition, the analysis of TEX19 mRNA levels showed significant 

reductions on days 1, 9 and 10, p<0.01. Also, significant reductions were observed on 

days 5, 6 and 8, p<0.05 (Figure 3.11 A). These results suggest that TEX19 is correlated 

with OCT4 stem cell marker and linked with stemness features. Further work on this 

carried out in Chapter 5.  
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Figure 3-8 RT-qPCR analysis of the TEX19 transcript levels in untreated NTERA2 

cells. 

(A) Bar chart presenting constant mRNA levels of TEX19 gene in untreated NTERA2 cells 

for 10 days. (B) Bar chart showing constant mRNA levels of the OCT4 gene in untreated 

NTERA2 cells for 10 days. OCT4 was used as a stem cell marker. The obtained data were 

normalised using a combination of two endogenous reference genes, TUBA1C and GAPDH. 

The error bars show the standard errors of the mean.  
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Figure 3-9 RT-qPCR analysis of the TEX19 transcript levels in NTERA2 cells treated 

with DMSO. 

(A) Bar chart presenting constant mRNA levels of TEX19 gene in NTERA2 cells treated 

with DMSO for 10 days. (B) Bar chart showing constant mRNA levels of OCT4 in NTERA2 

cells over 10 days. The expression of OCT4 was used as a stem cell marker. The obtained 

data were normalised using a combination of two endogenous reference genes, TUBA1C and 

GAPDH. The error bars show the standard errors of the mean. 
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Figure 3-10 RT-qPCR analysis of the TEX19 transcript levels in NTERA2 cells 

treated with retinoic acid. 

(A) Bar chart presenting the mRNA levels of the TEX19 gene in NTERA2 cells treated with 

retinoic acid for 10 days. Asterisks above the bars indicate p-values (*: p<0.05; **: p<0.01; 

***: p<0.001). (B) Bar chart showing the mRNA levels of OCT4 in NTERA2 cells over the 

10 days of differentiation. The expression of the OCT4 gene was used as a stem cell marker. 

Asterisks above the bars indicate p-values (*: p<0.05; ****: p<0.0001). The obtained data 

were normalised using a combination of two endogenous reference genes, TUBA1C and 

GAPDH. The error bars show the standard errors of the mean.  
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Figure 3-11 RT-qPCR analysis of the TEX19 transcript levels in NTERA2 cells 

treated with HMBA.       

(A) Bar chart presenting the mRNA levels of the TEX19 gene in NTERA2 cells treated with 

HMBA for 10 days. Asterisks above the bars indicate p-values (*: p<0.05; **: p<0.01). (B) 

Bar chart showing the mRNA levels of OCT4 in NTERA2 cells over 10 days of treatment. 

The expression of OCT4 was used as a stem cell marker. Asterisks above the bars indicate 

p-values (*: p<0.05; **: p<0.01; ****: p<0.0001). The obtained data were normalised using 

a combination of two endogenous reference genes, TUBA1C and GAPDH. The error bars 

show the standard errors of the mean. 
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3.2.5 Immunohistochemistry staining analysis of TEX19 in clinically 

normal tissues and colonic tumours  

 

Immunohistochemistry (IHC) staining was used to determine the tissue distribution of 

TEX19 in normal human colon and colonic tumours. IHC staining for tissues was 

carried out using the fully automated Ventana Benchmark XT staining system. A rabbit 

anti-TEX19 polyclonal antibody (Abcam, ab185507) was used to detect TEX19 protein 

in the examined tissues. Testis tissues were used as a positive CTA control. The 

negative control was used to demonstrate absence of non- specific secondary antibody 

staining in the tissues. The protein level of TEX19 was examined in testis, multiple 

normal human colon and colorectal tumour samples. Using the Abcam anti TEX19 

antibody, IHC staining showed the detection of TEX19 in the normal testis, specifically 

in the cells surrounding the periphery of seminiferous tubules (Figure 3.12).  

 

IHC staining of TEX19 was carried out in matched samples (normal adjacent tissue 

[NAT] and colon tumour tissues) in three colon cancer patients (patients #45, #35 and 

#12). One negative control was used per staining run of normal adjacent tissues (NAT) and 

colon tumour tissues (Figure 3.13). In patient #45, TEX19 showed weak staining at the 

top of the colonic crypt within the cytoplasm in NAT (Figure 3.14). Interestingly, very 

strong positive staining was detected in colon tumour tissue; the staining showed strong 

nuclear and weak cytoplasmic localisation for TEX19 (Figure 3.15). In patient #35, 

NAT exhibited moderate cytoplasmic staining at the top of the crypts (Figure 3.16). 

Strong nuclear staining was observed for TEX19 in the matched cancer tissue for this 

patient (Figure 3.17). In patient #12, TEX19 showed weak cytoplasmic staining at the 

top of the colonic crypt (Figure 3.18). Weak cytoplasmic staining for TEX19 was 

observed in the matched cancer tissue (Figure 3.19). Apart from patient #12, NAT and 

colon tumour tissue exhibited a clear difference in immunostaining for TEX19, further 

validating its utility as a cancer biomarker.  
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Figure 3-12 IHC staining of TEX19 protein using rabbit polyclonal antibody (Abcam, 

ab185507) in normal human testis tissue. 

(A, B, C) IHC images presenting the cytoplasmic positive cells on the periphery of seminiferous 

tubules stained brown with anti-TEX19 antibody. Normal testis tissue was used as a positive 

control for CTAs. Positive cells demonstrate cytoplasmic staining. The magnifications are x0.5, 

x5 and x20, respectively. (D) H&E staining (x5). (E) Negative control (x5): secondary antibody 

only.      
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Figure 3-13 IHC negative control.  

Image shows staining with secondary antibody only (Roche, #760-4205). One negative control 

slide was used per staining run of 3 normal adjacent tissues (NAT) and 3 colon tumour tissues. 

Image display negative staining in the tissue and the magnification is x10.       
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Figure 3-14 IHC staining of TEX19 protein in normal adjacent tissue (NAT) from colon 

cancer patient #45 using rabbit polyclonal antibody (Abcam, ab185507).  

(A, B, C) Images show weak cytoplasmic staining with the TEX19 antibody. The 

magnifications are x0.5, x5 and x20 respectively. (B) Artefactual edge-effect staining at the top 

of colon crypts. (C) Weak cytoplasmic staining. (D, E) H&E staining of the normal colon crypt 

(x0.5 and x10, respectively).      
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Figure 3-15 IHC staining of TEX19 protein in colon tumour tissue from colon cancer 

patient #45 using rabbit polyclonal antibody (Abcam, ab185507).  

(A, B, C) Images display TEX19 antibody showing strong nuclear and weak cytoplasmic 

staining in colon tumour tissue. The magnifications are x0.5, x5 and x20, respectively. (C) 

Strong nuclear staining in the carcinoma area. (D, E) H&E staining of the colon carcinoma 

(x0.5 and x10, respectively).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

87 

 

 

 

 

 

 
 

Figure 3-16 IHC staining of TEX19 protein in normal adjacent tissue (NAT) from colon 

cancer patient #35 using rabbit polyclonal antibody (Abcam, ab185507).  

(A, B, C) Images show moderate cytoplasmic staining with the TEX19 antibody. The 

magnifications are x0.5, x5 and x20, respectively. (B) Artefactual edge-effect staining at the 

top of the colon crypts. (C) Moderate cytoplasmic staining. (D, E) H&E staining of the normal 

colon crypt (x0.5 and x10, respectively).      
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Figure 3-17 IHC staining of TEX19 protein in colon tumour tissue from colon cancer 

patient #35 using rabbit polyclonal antibody (Abcam, ab185507).  

(A, B, C) Images show the TEX19 antibody’s strong nuclear staining in colon tumour tissue. 

The magnifications are x0.5, x5 and x20, respectively. (C) Strong nuclear staining in the 

carcinoma area. (D, E) H&E staining of the colon carcinoma (x0.5 and x10, respectively). 
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Figure 3-18 IHC staining of TEX19 protein in normal adjacent tissue (NAT) from colon 

cancer patient #12 using rabbit polyclonal antibody (Abcam, ab185507).  

(A, B, C) Images show weak cytoplasmic staining with the TEX19 antibody. The 

magnifications are x0.5, x5 and x20, respectively. (B) Artefactual edge-effect staining at the 

top of colon crypts. (C) Weak cytoplasmic staining. (D, E) H&E staining of the normal colon 

crypt (x0.5 and x10, respectively).      
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Figure 3-19 IHC staining of TEX19 protein in colon tumour tissue from colon cancer 

patient #12 using rabbit polyclonal antibody (Abcam, ab185507).  

(A, B, C) Images show the TEX19 antibody’s weak cytoplasmic staining in colon tumour 

tissue. The magnifications are x0.5, x5 and x20, respectively. (C) Weak cytoplasmic staining 

in the carcinoma area. (D, E) H&E staining of colon carcinoma (x0.5 and x10, respectively).  
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3.2.6 Immunofluorescence staining analysis of TEX19 in pluripotent 

embryonal carcinoma cells and cancer cells 

 

Because TEX19 was expressed in distinct cancer cells, indirect immunofluorescence 

(IF) was carried out to determine the protein cellular localisation. Three different cancer 

cell lines were examined for TEX19 localisation involving pluripotent embryonal 

carcinoma (NTERA2), colon adenocarcinoma (SW480) and large-cell lung carcinoma 

(H460). A rabbit polyclonal anti-TEX19 antibody (Abcam, ab185507) was used to 

detect TEX19 protein in the examined cancer cells. DAPI (blue) was used as nuclear 

staining, and α-tubulin was used as a positive control and cytoplasmic marker. 

  

The analysis results of IF images demonstrated that TEX19 had dual or individual 

localisation. In NTERA2, the localisation of TEX19 was detected mainly in the nucleus, 

and no protein was detected in the cytoplasm (Figure 3.20). In H460, the IF staining 

showed TEX19 protein localised in or surrounding the nucleus (Figure 3.21). In 

SW480, the localisation of TEX19 was found in the nucleus and cytoplasm (Figure 

3.22). The observation of different localisations could suggest that TEX19 acts as a 

dynamic protein, and its function could be based on its cellular localisation.  
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Figure 3-20 IF staining showing TEX19 protein localisation in NTERA2 cells.  

Images demonstrate the IF staining for anti-α-Tubulin (SEGMA, T6074; 1:1000) and anti-

TEX19 (Abcam, ab185507; 1:500) in NTERA2 cells. (A) DNA stained with DAPI (blue). (B) 

Staining of anti-α-Tubulin (red). (C) Staining of anti-TEX19 (green). (D) Staining of DAPI, 

anti-α-Tubulin and anti-TEX19 (blue, red and green). Images were analysed using a ZEISS 

LSM 710 confocal microscope. 
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Figure 3-21 IF staining shows TEX19 protein localisation in H460 cells.  

Images demonstrate the IF staining for anti-α-Tubulin (SEGMA, T6074; 1:1000) and anti-

TEX19 (Abcam, ab185507; 1:500) in H460 cells. (A) DNA stained with DAPI (blue). (B) 

Staining of anti-α-Tubulin (red). (C) Staining of anti-TEX19 (green). (D) Staining of DAPI, 

anti-α-Tubulin and anti-TEX19 (blue, red and green). Images were analysed using a ZEISS 

LSM 710 confocal microscope. 
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Figure 3-22 IF staining shows TEX19 protein localisation in SW480 cells.  

Images demonstrate the IF staining for anti-α-Tubulin (SEGMA; T6074; 1:1000) and anti-

TEX19 (Abcam, ab185507; 1:500) in SW480 cells. (A) DNA stained with DAPI (blue). (B) 

Staining of anti-α-Tubulin (red). (C) Staining of the anti-TEX19 (green). (D) Staining of DAPI, 

anti-α-Tubulin and anti-TEX19 (blue, red and green). Images were analysed using a ZEISS 

LSM 710 confocal microscope. 
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3.3 Discussion  

The initial detection of TEX19 in normal human tissues and cancer samples was 

achieved for the first time in 2012 using conventional RT-PCR screening; at this time, 

it was identified as A CTA gene (Feichtinger et al., 2012). In this study, TEX19 

expression was evaluated using RT-PCR and RT-qPCR in multiple normal tissues and 

cancer samples. The analysed results confirmed that TEX19 expression is restricted to 

the testis tissues and expressed weakly in the thymus. However, Feichtinger et al. 

(2012) explained the weak expression in thymus by saying that the samples had 

atrophied, as they were obtained from deceased individuals. In addition, the detectable 

Ct values of TEX19 in the thymus (36.22) were found to be very close to the determined 

cut off > 37. This may indicate the possibility that normally the healthy thymus does 

not express TEX19. Furthermore, the RT-qPCR analysis showed positive results for 

TEX19 in 25 out of 32 cancer samples. The cancer samples did not express TEX19 were 

those with Ct values > 37, as this was the cut off determined in this study. These cancer 

samples involve lung tumour, diploid lung (MRC-5), kidney tumour, stomach tumour, 

uterus tumour, breast tumour and promyelocytic leukaemia (HL-60) sample. This lack 

of measurable expression could be explained according to the heterogeneous nature of 

cancer. Correspondingly, the activation of TEX19 in a wide range of cancer cells 

suggest its function in oncogenesis.  

 

TEX19 protein was detected in various bladder cancer samples by using western 

blotting (Zhong et al., 2016). This chapter extended the study of TEX19 protein 

presence further. Moreover, the expected size for TEX19 protein is around 18.5 KDa, 

and the used antibody detected the protein at around 24 KDa. This is could be explained 

according to post-transcriptional modification of proteins. Correspondingly, Oba-

Shinjo and his co-workers (2008) reported discrepancies in the presence of CTA protein 

and mRNA levels in tissues due to post-transcriptional modifications (Oba-Shinjo et 

al., 2008). The antibody used was found to be TEX19 specific based on siRNA 

depletion. The western blot analysis in normal tissues showed the presence of TEX19 

in the testis and hESCs, while a very weak signal was detected in the thymus. As 

explained above, the presence of TEX19 protein in thymus may be due to tissue changes 

with age or sample deterioration (Feichtinger et al., 2012). In cancer cells, TEX19 was 

present in all tested samples. In this study, the presence of TEX19 protein was detected 
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with a single or dual band, and there was no clear reason for this; this result was not 

linked with the type of cells, passage number or confluency of cells. Additional research 

is required to comprehend this effect and assess whether it can be explained according 

to the post-transcriptional modification of proteins. This study revealed similar results 

to Zhong et al. (2016), where TEX19 protein present in multiple cancer samples. More 

importantly, the RT-PCR, RT-qPCR and western blot analyses showed high 

consistency in all obtained results. Taking these results together, this chapter has 

demonstrated that TEX19 is a testis/cancer-selective CTA gene.  

 

Mouse Tex19.1 is a germline gene found to be expressed in ESCs and linked to the Oct4 

expression (Kuntz et al., 2008). No previous study has demonstrated this in humans. In 

the first stage, this chapter investigated TEX19 expression in hESCs, iPSCs and 

differentiated cancer stem cells. Both RT-PCR and RT-qPCR analyses showed that 

TEX19 is expressed in hESCs and iPSCs but not in fibroblasts. Along with stem cell 

markers (OCT4, SOX2, NANOG), TEX19 is activated in iPSCs after their 

reprogramming from precursor fibroblasts. This observation highly suggests that 

TEX19 plays a role in conferring stemness features, and this gene may behave as a stem 

cell transcription factor. This result was encouraging, and a further step was taken to 

investigate TEX19 expression in human model stem cells (NTERA2) upon 

differentiation. In cells treated with retinoic acid, TEX19 transcript levels significantly 

decreased upon the decline and cessation of OCT4 except on day 3. This may indicate 

that TEX19 expression is correlated with stem cell marker expression. In line with this, 

the consequential reduction and OCT4 cessation in the cells treated with HMBA 

decreased TEX19 mRNA levels on most tested days. The differentiation process did not 

cause silencing of the gene of interest, but it did suggest a high likelihood that TEX19 

expression is linked with stemness features. Based on this observation, more work was 

performed, and this is discussed in Chapter 5. 

 

IHC analysis demonstrated TEX19 in the normal testis with positive staining restricted 

to the periphery of the seminiferous tubules, as expected of a CTA. This adds weight to 

TEX19’s prospective immunogenic capacity. In normal colon tissues, TEX19 staining 

was observed mainly only on the edges of the section. Some NAT did exhibit some 

weak staining, however, this could be due to activation of TEX19 in this tissue adjacent 

to the tumour. Zhong and co-workers (2016) observed clear negative staining in normal 
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tissues with TEX19 positive staining restricted to the testis and 60% of the bladder 

cancer patients in their study. It would therefore be informative to stain normal tissue 

that was not adjacent to cancer tissue to establish whether TEX19 is activated in these 

tissues or not. This may be an artefact due to sample dehydration during tissue 

conditioning, overstaining with primary antibody or antibody residue accumulating at 

the edge of the section (i.e. the edge effect). Matched samples (NAT and cancer tissue) 

revealed the strong presence of TEX19 in cancer tissues, as well as a clear difference 

between matched NAT and cancer tissues, particularly in patients #35 and #45. This 

differential staining further validates TEX19 as a promising cancer biomarker subject 

to IHC testing in a greater number of patients. The strong positive nuclear localisation 

of TEX19 indicates cancer-specific accumulation in the nucleus; this could signal a 

carcinogenic event. However, further IHC analysis is required to determine whether 

TEX19 can be used to discriminate between cancer and normal tissues in vivo.  

  

Accurate protein localisation is necessary to ensure the normal function of the protein 

and integration with the biological function network. Abnormal protein localisation is 

linked to cancer formation and gene expression alternation (Hung & Link, 2011). IF 

analysis was carried out to elucidate cellular localisation in different cancer cells, and 

this was found to differ. In SW480, TEX19 was found in the cytoplasm and nucleus. In 

H460, TEX19 localised mainly in or around the nucleus. In (NTERA2), TEX19 was 

found exclusively in the nucleus. This variable localisation could prevent TEX19 from 

functioning correctly, and this effect may accumulate to develop into cancer. In 

addition, TEX19 may perform a dynamic function based on its localisation.   

 

To summarize, the work in this chapter has confirmed that TEX19 is a CTA gene 

through mRNA expression and protein level evaluation. In addition, the study revealed 

that TEX19 is a stemness gene through its expression in hESCs and iPSCs, and it 

showed that the expression level decreases in the differentiation process. Both IHC and 

IF showed extensive nuclear localisation, suggesting a signal of oncogenesis acquired 

in the nucleus in only cancer cells. More in depth, this chapter encourages the study of 

whether TEX19 plays a role in cancer and stem cells.  
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regulates gene expression in cancer 
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4. TEX19 influences proliferation and regulates gene 

expression in cancer stem-like cells and cancer cells      

4.1 Introduction  

In cancer, cells proliferate out of control and accumulate without responding to the 

signals that control cellular growth. Over time, cancer cells and their progenitors 

succeed in evading programmed cell death and divide more rapidly. Moreover, these 

cells display high heterogeneity in different morphological and phenotypic features, 

such as proliferation and gene expression. Genetic and epigenetic alternations are the 

main factors responsible for the generation of heterogeneity in distinct tumour cells. 

However, such tumour heterogeneity can lead to different progressions of cancer cells 

and variable responses to therapy (Hirohashi et al., 2016; Marusyk & Polyak, 2010; 

Ouyang et al., 2012). 

 

Different studies have shown a strong correlation between CTA genes expression and 

cell proliferation in a wide range of cancer cells. In line with this, Maxfield and co-

workers (2015) performed a study demonstrating that CTA genes enhance cancer cell 

viability. They used silencing techniques, such as siRNA transfection, for multiple CTA 

genes in different cancer cells (Maxfield et al., 2015). For example, the depletion of 

FATE1 expression reduced the viability to >30% for prostate cancer, breast cancer, 

sarcoma and melanoma cancer cells. The study also has demonstrated the depletion of 

FATE1 mRNA caused a potent loss in viability in a colorectal cancer cell line HCT116. 

ZNF165 is another CTA gene expressed in breast cancer cells, and its depletion reduced 

cell viability for these cells (Maxfield et al., 2015). Another study silenced MAGEC2 

using siRNA transfection in multiple melanoma cells; this study demonstrated that 

MAGEC2 mRNA knockdown impairs the proliferation and viability in melanoma cells 

(Lajmi et al., 2015). A further study has illustrated that the overexpression of MAGE-

A1 can  acts as an oncogene and subsequently promotes proliferation in multiple 

myeloma cells, while its knockdown inhibits the melanoma cell proliferation process 

(Wang et al., 2016). An additional study has reported the depletion of NY-SAR-35 in 

human embryonic kidney (HEK) 293 cells using siRNA, led to cell proliferation 

suppression (Song et al., 2016). Shang and colleagues (2014) carried out CT45A1 
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overexpression and knockdown in a breast cancer cell line (MCF7) to evaluate CT45A1 

function. The overexpression of CT45A1 led to upregulation of numerous oncogenic 

and metastatic genes. In addition, signalling pathways involving CREB and ERK 

became constitutively activated. Further, the consequence of CT45A1 overexpression 

in MCF7 has increased tumorigenesis, invasion and metastasis. In contrast, knockdown 

of CT45A1 led to a substantial reduction in the migration and invasion of MCF7 cancer 

cells (Shang et al., 2014). In sum, these studies indicate the potential significance of 

CTA genes in regulating cancer cell proliferation, and subsequently, the development 

of oncogenesis (Cheng, Wong & Cheng, 2011). Thus, CTAs may have a tumorigenic 

function, and their loss may become detrimental for cancer cell survival (Maxfield et 

al., 2015; Song et al., 2016).  

 

Although the function of most CTAs is unknown, some play a role in regulating gene 

expression and signalling pathways (Whitehurst, 2014). In a cancer cell line (HCT116), 

depletion of FATE1 was found to stabilise BIK gene expression; this gene is required 

for modulating apoptosis. Moreover, measurement of the results of ZNF165 depletion 

in breast cancer showed elevation of SMAD7, SMURF2 and PMEPA1 mRNAs. In 

contrast, the overexpression of ZNF165 was found to increase expression of the WISP1 

oncogene. Furthermore, in lung adenocarcinoma, the depletion of IGF2BP3 attenuated 

the endogenous expression of HIF target genes. Ultimately, CTA genes could play 

direct or indirect roles in triggering oncogenic signalling cascades and influencing the 

expression of other genes (Maxfield et al., 2015). 

   

In the previous chapter, the results showed that TEX19 was activated in most of the 

tested cancer cells, and it was identified as a CTA gene. No previous study has reported 

a function for human TEX19. Moreover, it is not known whether TEX19 is required for 

the proliferation, self-renewal, and control of gene expression in human cancer stem-

like cells and cancer cells. This chapter aims to measure the effects following TEX19 

depletion in pluripotent embryonal carcinoma cells, lung cancer cells and colorectal 

cancer cells to establish whether TEX19 expression enhances cancer cell proliferation 

or self-renewal. In addition, the study investigates whether TEX19 depletion influences 

expression of other genes to determine if it functions in transcriptional regulation.  



 

101 

 

4.2 Results  

4.2.1 Depletion of TEX19 in cancer stem-like cells and cancer cells  

The depletion of TEX19 was carried out in cancer stem-like cells (NTERA2), lung 

cancer cells (H460) and colon adenocarcinoma (SW480). TEX19 siRNA#7 was used 

for all experiments. Negative siRNA was employed as a control to assess TEX19 

depletion. The transfection of cells with TEX19 siRNA#7 was carried out for 72 hours 

along with control siRNA (negative siRNA). Following the treatment, TEX19 mRNA 

was evaluated via RT-qPCR to assess the depletion level. The measurement of mRNA 

TEX19 showed significant depletion compared to the control in NTERA2 (p<0.0001; 

Figure 4.1 A), H460 (p<0.001; Figure 4.2 A) and SW480 cells (p<0.0001; Figure 4.3 

A).  

 

The depletion of TEX19 was verified by western blot analysis to confirm the obtained 

results yielded by RT-qPCR. Using anti-TEX19 polyclonal antibody (R&D, #AF6319), 

a TEX19 protein size of approximately 24 KDa was detected, which was higher than 

the expected size of 18.5 KDa. Single or dual bands were detected following western 

blotting analysis, and siRNA depletion verified the specificity of the antibody 

(discussed in Chapter 3). The increase in intensity of the lower molecular weight band 

following siRNA depletion suggests that this band is a TEX19 degradation product 

(Figure 4.1 B). This is supported by the fact co-workers did not observe this second 

band while using the same antibody in these cell lines (Planells-palop, PhD. Thesis, 

Bangor University). Moreover, the lower band was not observed in SW480 (Figure 4.3 

B), suggesting a cell line specificity. Anti-α-Tubulin was used as a control to verify the 

proper protein loading, and this migrated to the expected protein size of 50 KDa. 

Compared to the untreated cells and control siRNA, the cells transfected with the 

TEX19 siRNA#7 molecules showed a significant reduction in the TEX19 protein level 

in NTERA2 cells (Figure 4.1 B), H460 cells (Figure 4.2. B) and SW480 cells (Figure 

4.3 B). 
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Figure 4-1 Depletion of TEX19 in NTERA2 cells using siRNA#7. 

(A) Bar charts presenting the analysis of TEX19 expression by RT-qPCR in NTERA2 cells 

following depletion. NTERA2 cells transfected with TEX19 siRNA molecules demonstrated 

a significant reduction in TEX19 mRNA comparing to the control. Asterisks above the bar 

indicate the p-value (****: p<0.0001). TUBA1C and GAPDH were used for data 

normalisation. The error bars show the standard errors of the mean. (B)  Western blotting 

analysis demonstrating the TEX19 protein level in NTERA2 following depletion. NTERA2 

cells transfected with TEX19 siRNA presented a significant reduction in the TEX19 protein 

level compared to untreated cells and control siRNA. Tubulin was used as a control to 

confirm equivalent loading in all wells.         
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Figure 4-2 Depletion of TEX19 in H460 cells using siRNA#7. 

(A) Bar charts presenting the analysis of TEX19 expression by RT-qPCR in H460 cells 

following depletion. H460 cells transfected with TEX19 siRNA molecules demonstrated a 

significant reduction in TEX19 mRNA compared to the control. Asterisks above the bar 

indicate the p-value (***: p<0.001). TUBA1C and GAPDH were used for data normalisation. 

The error bars show the standard errors of the mean. (B) Western blotting analysis 

demonstrating TEX19 protein level in H460 following depletion. H460 cells transfected with 

TEX19 siRNA presented a significant reduction in the TEX19 protein level compared to 

untreated cells and control siRNA. Tubulin was used as a control to confirm equivalent 

loading in all wells.         
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Figure 4-3 Depletion of TEX19 in SW480 cells using siRNA#7. 

(A) Bar charts presenting the analysis of TEX19 expression by RT-qPCR in SW480 cells 

following depletion. SW480 cells transfected with TEX19 siRNA molecules demonstrated a 

significant reduction in TEX19 mRNA comparing to the control. Asterisks above the bar 

indicate the p-value (****: p<0.0001). TUBA1C and GAPDH were used for data 

normalisation. The error bars show the standard errors of the mean. (B)  Western blotting 

analysis demonstrating TEX19 protein level in SW480 following depletion. SW480 cells 

transfected with TEX19 siRNA presented a significant reduction in the TEX19 protein level 

compared to untreated cells and control siRNA. Tubulin was used as a control to confirm 

equivalent loading in all wells.         
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4.2.2 The effect of TEX19 depletion on the proliferation of cancer 

stem-like cells and cancer cells 

 

The successful depletion of TEX19 was extended further to investigate whether TEX19 

is necessary for the proliferation of cancer stem-like cells and cancer cells. The 

experiments were carried out in NTERA2, H460 and SW480 cells. These cells were 

treated with TEX19 siRNA#7 along with control siRNA (negative siRNA) for 8 days. 

Untreated cells and control siRNA cells were used as control for comparison with cells 

treated with TEX19 siRNA to monitor proliferation.  

 

In NTERA2 cells, the cells transfected with TEX19 siRNA#7 showed significantly 

reduced cell numbers from day 3 (p<0.01) compared with untreated cells and control 

siRNA cells (Figure 4.4. A). From days 4–8, TEX19 depletion resulted in a strong 

decline in proliferation (p<0.0001; Figure 4.4 A). Similarly, the depletion of TEX19 in 

H460 cancer cells was found to result in significantly reduced proliferation starting 

from day 3 until day 8 (p<0.0001; Figure 4.5 A). In SW480 cells, the TEX19 

knockdown also significantly reduced cancer cell proliferation from days 3–8 

(p<0.0001; Figure 4.6 A). Moreover, TEX19 depletion in NTERA2 cells was found 

reduce cell proliferation even more compared to H460 and SW480 cancer cells.  

 

Along with counting cells to determine the cell proliferation, the protein was extracted 

for each specific day and western blotting analysis was carried out to assess TEX19 

protein level at different times. Untreated cells and control siRNA cells were used as 

control. In NTERA2 cells, TEX19 depletion showed significant protein reduction on 

days 2 and 3, and no high molecular weight protein was detected from day 4 (Figure 

4.4 B). Correspondingly, TEX19 knockdown revealed significant protein reduction in 

H460 (Figure 4.5 B) and SW480 (Figure 4.6 B). Anti-α-Tubulin was used as a control 

to verify the proper protein loading, and this migrated to the expected protein size of 

50 KDa. However, the significant reduction in TEX19 protein level was found to be 

consistent with the reduction in proliferation of cancer cells. 
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Figure 4-4 NTERA2 cells transfected with TEX19 siRNA. 

(A) Cell count curve demonstrating the proliferation of untreated NTERA2 cells, control 

siRNA cells and cells treated with TEX19 siRNA#7 for 8 days. Untreated cells and control 

siRNA cells were used as control. Cells treated with TEX19 siRNA#7 showed a substantial 

proliferation reduction compared to the controls. The error bars represent the standard deviation 

for the three replicates. Asterisks indicate p-values (**: p<0.01; ****: p<0.0001). (B) Analysis 

of western blot showing the TEX19 protein level upon NTERA2 cell proliferation. The results 

showed that cells treated with TEX19 siRNA#7 demonstrated strong reduction in TEX19 

protein level comparing to the controls. Tubulin was used as a control to confirm equivalent 

loading in all wells.                
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Figure 4-5 H460 cells transfected with TEX19 siRNA. 

(A) Cell count curve demonstrating the proliferation of untreated H460 cells, control siRNA 

cells and cells treated with TEX19 siRNA#7 for 8 days. Untreated cells and control siRNA cells 

were used as control. Cells treated with TEX19 siRNA#7 showed substantial proliferation 

reduction comparing to the controls. The error bars represent the standard deviation for the 

three replicates. Asterisks indicate the p-value (****: p<0.0001). (B) Analysis of western blot 

demonstrating the TEX19 protein level upon H460 cell proliferation. The results showed that 

cells treated with TEX19 siRNA#7 demonstrated a strong reduction in TEX19 protein level 

compared to the controls. Tubulin was used as a control to confirm equivalent loading in all 

wells.                
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Figure 4-6 SW480 cells transfected with TEX19 siRNA. 

(A) Cell count curve demonstrating the proliferation of untreated SW480 cells, control siRNA 

cells and cells treated with TEX19 siRNA#7 for 8 days. Untreated cells and control siRNA cells 

were used as control. Cells treated with TEX19 siRNA#7 showed substantial prolifration 

reduction compared to the controls. The error bars represent the standard deviation for the three 

replicates. Asterisks indicate the p-value (****: p<0.0001). (B) Analysis of western blot 

demonstrating TEX19 protein level upon SW480 cell proliferation. The results showed that 

cells treated with TEX19 siRNA#7 demonstrated a strong reduction in the TEX19 protein level 

compared to the controls. Tubulin was used as a control to confirm equivalent loading in all 

wells.                
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4.2.3 Assessment of the self-renewal potential of cancer stem-like cells 

and cancer cells using extreme limiting assay (ELDA). 

 
The cell count curves showed a significant reduction in cancer cell proliferation 

following TEX19 depletion. Therefore, further confirmation was carried out using 

ELDA assay to assess self-renewal potential of cancer stem-like cells and cancer cells 

following the transfection with TEX19 siRNA#7. ELDA assay was carried out in 

NTERA2, H460 and SW480 cells. These cells were plated with different serial dilutions 

of 1000 cells, 100 cells, 10 cells and 1 cell per well for 10 days. Each serial dilution 

was carried out in 12 wells. NTERA2, H460 and SW480 cells were transfected with 

TEX19 siRNA#7 along with siRNA control (negative siRNA). Untreated cells and 

control siRNA cells were used as control. In addition, images of both untreated cells 

and transfected cells were taken to determine the self-renewal effect following siRNA 

treatment. The analysis of ELDA assay in NTERA2 determined that the transfection 

with TEX19 siRNA caused a significant renewal drop; no positive renewal was detected 

in the wells with serial dilutions of 100 cells, 10 cells or 1 cell (Figure 4.7 A). A 

comparison of this observation with untreated cells and negative siRNA cells indicated 

that TEX19 depletion hugely reduced the self-renewal of NTERA2. Moreover, an 

example image of the cells also shows the effect of TEX19 siRNA transfection on the 

renewal of cultured cells after 10 days (Figure 4.7 B). Correspondingly, in H460 cells, 

TEX19 siRNA transfection hugely reduced the cancer cell self-renewal, where only one 

positive renewal was detected in dilutions of 100 cells and 10 cells, and two positive 

renewals were found in the dilution of 1 cell (Figure 4.9 A). An example of the imaged 

cells also shows the effect of TEX19 siRNA transfection on the renewal of cultured 

cells after 10 days (Figure 4.9 B). In SW480 cells, the effect of TEX19 siRNA 

transfection significantly decreased the cancer cell self-renewal, where only one 

positive renewal was detected in dilutions of 100 cells and 1 cell, and negative renewal 

was detected in the dilution of 10 cells (Figure 4.11 A). An example of the imaged cells 

also shows the effect of TEX19 siRNA transfection on the renewal of cultured cells 

after 10 days (Figure 4.11 B). The ELDA analysis and pairwise tests illustrated the 

significant influence of TEX19 depletion on cancer cell self-renewal at p<0.0001 in 

NTERA2 (Figure 4.8 A, B), H460 (Figure 4.10 A, B) and SW480 cells (Figure 4.12 A, 

B). The ELDA analyses for all tested cells were consistent with the results obtained 
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from the cell count curves, showing that TEX19 influences the self-renewal of cancer 

stem-like cells and cancer cells.    

 
 

 
 

Figure 4-7 Effect of TEX19 siRNA transfection on NTERA2 cell self-renewal determined 

by ELDA. 

(A) ELDA assay examination after TEX19 siRNA#7 treatment for 10 days demonstrating the 

number of wells showing positive renewal. ELDA assay was carried out by seeding with 

different numbers of cells (1000, 100, 10, 1 cells/ml) and showed positive renewal in all 

untreated cells and control siRNA cells. (B) Images demonstrating the renewal of NTERA2 

cells after 10 days of transfection. Untreated cells and control siRNA cells were used as control 

and they showed no self-renewal effected comparing to transfected cells with TEX19 siRNA#7.         
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Figure 4-8 ELDA assay analysis after TEX19 siRNA transfection in NTERA2 cells. 

(A) Graph demonstrating the influence of TEX19 siRNA#7 on NTERA2 self-renewal. 

Untreated cells and control siRNA cells showed no effect on their renewal. Cells treated with 

TEX19 siRNA#7 exhibited a significant renewal reduction. Asterisks indicate the p-value 

(****: p<0.0001). (B) Analysis representing the pairwise comparison of transfected groups of 

NTERA2 cells. Chisq indicates Chi-square; DF indicates degrees of freedom; Pr (>Chisq) 

indicates the probability value. The pairwise comparison showed no effect on the renewal in 

untreated cells and control siRNA cells. NTERA2 cells treated with TEX19 siRNA#7 exhibited 

a significant difference, with Pr (>Chisq) <0.0001.     
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Figure 4-9 Effect of TEX19 siRNA transfection on H460 cell self-renewal determined by 

ELDA.  

(A) ELDA assay examination after TEX19 siRNA treatment for 10 days demonstrating the 

number of wells showing positive renewal. ELDA assay was carried out by seeding with 

different numbers of cells (1000, 100, 10, 1 cells/ml) and showed positive renewal in all 

untreated cells and control siRNA cells. (B) Images demonstrating the renewal of H460 cells 

after 10 days of transfection. Untreated cells and control siRNA cells were used as control and 

they showed no self-renewal effected comparing to transfected cells with TEX19 siRNA#7.         
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Figure 4-10 ELDA assay analysis after TEX19 siRNA transfection in H460 cells. 

(A) Graph demonstrating the influence of TEX19 siRNA#7 on H460 self-renewal. Untreated 

cells and control siRNA cells showed no effect on their renewal. Cells treated with TEX19 

siRNA#7 exhibited a significant renewal reduction. Asterisks indicate the p-value (****: 

p<0.0001). (B) Analysis representing the pairwise comparison of transfected groups of H460 

cells. Chisq indicates Chi-square; DF indicates degrees of freedom; Pr (>Chisq) indicates the 

probability value. The pairwise comparison showed no effect on the renewal in untreated cells 

and control siRNA cells. H460 cells treated with TEX19 siRNA#7 exhibited a significant 

difference, with Pr (>Chisq) <0.0001.     
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Figure 4-11 Effect of TEX19 siRNA transfection on SW480 cell self-renewal determined 

by ELDA.  

(A) ELDA assay examination after TEX19 siRNA treatment for 10 days demonstrating the 

number of wells showing positive renewal. ELDA assay was carried out by seeding with 

different numbers of cells (1000, 100, 10, 1 cells/ml) and showed positive renewal in all 

untreated cells and control siRNA cells. (B) Images demonstrating the renewal of SW480 cells 

after 10 days of transfection. Untreated cells and control siRNA cells were used as positive 

control and they showed no self-renewal effected comparing to transfected cells with TEX19 

siRNA#7.         
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Figure 4-12 ELDA assay analysis after TEX19 siRNA transfection in SW480 cells. 

(A) Graph demonstrating the influence of TEX19 siRNA#7 on SW480 self-renewal. Untreated 

cells and control siRNA cells showed no effect on their renewal. Cells treated with TEX19 

siRNA#7 exhibited a significant renewal reduction. Asterisks indicate the p-value (****: 

p<0.0001). (B) Analysis representing the pairwise comparison of transfected groups of SW480 

cells. Chisq indicates Chi-square; DF indicates degrees of freedom; Pr (>Chisq) indicates the 

probability value. The pairwise comparison showed no effect on the renewal in untreated cells 

and control siRNA cells. SW480 cells treated with TEX19 siRNA#7 exhibited a significant 

difference, with Pr (>Chisq) <0.0001.     
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4.2.4 TEX19 depletion regulate gene expression in cancer stem-like 

cells and cancer cells 

To explore the influence of TEX19 depletion on gene expression, multiple genes were 

selected based on RNA sequencing data (Planells-palop, PhD. Thesis, Bangor 

University). This experiment was previously carried out in SW480 cells using TEX19 

siRNA#6 in the McFarlane laboratory. TEX19 mRNA depletion resulted in the 

identification of a cohort of 80 genes with altered transcript levels response to TEX19 

siRNA#6 treatment. In this study, 46 genes (Figure 4.13) were selected to validate their 

expression via RT-qPCR following TEX19 siRNA#7 transfection in NTERA2, H460 

and SW480 cells  to identify common genes with consistent alternation expression in 

response to TEX19 transcript depletion. Moreover, some of these genes were selected 

due to their links to spermatogenesis, meiosis and cell proliferation.  

 

Figure 4-13 Genes of interest selected based on RNA sequencing data.  

The scheme illustrates 46 genes that were found with altered transcript levels following 

transfection of SW480 with TEX19 siRNA#6.   
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The measurement of mRNA was performed via RT-qPCR for the selected genes after 

TEX19 transcript knockdown, and this showed altered mRNA levels in cancer stem-

like cells and cancer cells. The analysed data were normalised to TUBA1C and GAPDH. 

Moreover, the control siRNA (negative siRNA) was applied as control for TEX19 

knockdown. In NTERA2 cells, the depletion of TEX19 mRNA changed the transcript 

levels for a limited number of genes, namely GRAP137B and SEPT12, compared to the 

control (Figure 4.14). However, no significant changes were observed for the rest of 

the investigated genes. Both GRAP137B and SEPT12 were downregulated (p<0.01). 

 

In H460 cells, TEX19 transcript depletion altered mRNA levels of multiple genes, most 

of which were downregulated (Figure 4.15). The following genes showed significantly 

decreased mRNA levels (p<0.05): CYFIP1, MYB, MYL9, TSN and PCDHB13. 

Similarly, the transcript levels of GAR1, MATA2, MDC1, VIL1, GPR137B, FAM98B, 

ZCCHC2, CACNA1G and CD274 were significantly reduced (p<0.01). In addition, the 

transcript levels of FAM117B, PAPPA2 and SEPT12 were more inhibited compared to 

the previously mentioned downregulated genes (p<0.001). In contrast, PIWIL1 and 

LY96 mRNA levels were significantly elevated compared to the control (p<0.01 and 

p<0.001, respectively). However, the analysis showed no significant change for the 

other investigated genes.  

 

Carrying on the investigation in SW480 revealed the influence of TEX19 transcript 

depletion on controlling the expression of numerous genes. However, most of these 

genes were upregulated comparing with the control (Figure 4.16). The MDC1, MYL9, 

PTBP2, ATG16L1, LONRF1, FAM98B, ZBTB18, DAMM2, PROZ, KLKB1 and REC8 

genes showed significantly increased mRNA levels (p<0.05). Similarly, the transcript 

levels of CTSL2, CYFIP1, DIXOC1, FHL2, MATA2, VIL1, MRS2, FAM117B, 

ZCCHC2, CACNA1G, SPINK2, PNLDC1, CAMK4, GPX5, POU2F3 and CDHR2 were 

significantly elevated (p<0.01). In addition, the mRNA levels of PCDHB13, CD274, 

XIRP1, LY96 and PIWIL1 were more elevated compared to the previously mentioned 

upregulated genes (p<0.001). In contrast, mRNA levels of GAR1 and LGALS14 were 

significantly downregulated compared to the control (p<0.01). However, the transcript 

levels showed no significant change for the rest of the investigated genes.  

 



 

118 

 

Taking these results together, the reducing of TEX19 mRNA level influenced multiple 

genes with altered transcript levels. Moreover, most investigated genes were 

upregulated in SW480, while they were downregulated in H460 when TEX19 was 

depleted. More importantly, no common gene was identified with consistent expression 

in the NTERA2, H460 and SW480, but some genes were observed to have consistent 

expression in two different cell lines. Genes involving PIWIL1 and LY96 showed 

elevated transcript levels in SW480 and H460. GAR1 mRNA level was observed to be 

downregulated in H460 and SW480 cells. Finally, GPR137B and SEPT12 mRNA 

levels were inhibited in NTERA2 and H460 cells.  

 

In the context of the comparison to RNA sequence data, the RT-qPCR results obtained 

after TEX19 siRNA#7 transfection were not fully consistent with the RNA sequencing 

results for SW480 cells transfected with TEX19 siRNA#6. Depletion of TEX19 in 

SW480 using TEX19 siRNA#6 and siRNA#7 revealed genes with consistently 

downregulated mRNA levels, namely GAR1 and LGALS14. In contrast, MYL9, PTBP2, 

CANCA1G, PCDH13, CD274, PNLDC1, LY96, POU2F3, SPINK2, KLKB1 and 

PIWIL1 were found to have consistently upregulated transcript levels. 

Correspondingly, comparing the sequencing results to the obtained results following 

TEX19 depletion in H460, several genes were observed with consistently 

downregulated mRNA levels, including CYFIP1, GAR1, MATA2, MDC1, MYB, TSN, 

GPR137B, FAM117B, FAM98B, ZCCHC2, PAPPA2 and SEPT12. In contrast, the 

LY96 and PIWIL1 genes revealed consistently upregulated mRNA levels. Finally, in 

NTERA2, only two genes – GPR137B and SEPT12 – exhibited consistently 

downregulated transcript levels when compared to the RNA sequencing results. 

Remarkably, PIWIL1 and LY96 transcript levels were found to be elevated in SW480 

and H460, and this was consistent with the RNA sequencing results. In contrast, GAR1 

mRNA level was found to be downregulated in SW480 and H460, and this was 

consistent with the RNA sequencing results. Likewise, SEPT12 and GPR137B mRNA 

levels were found to be downregulated in NTERA2 and H460, and the results for these 

genes were consistent with the RNA sequencing data. More importantly, PIWIL1, 

LY96, GAR1, GPR137B and SEPT12 were found to be more controlled by TEX19 

expression compared to other genes; their expressions were consistent in two cancer 

cell lines and similar to the RNA sequencing data (Figure 4.17).   
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Figure 4-14 RT-qPCR analysis of genes of interest following TEX19 transcript depletion 

in NTERA2 cells. 

Targets were selected from differentially expressed genes obtained from the RNA sequencing 

results following TEX19 depletion in SW480 cells using TEX19 siRNA#6. NTERA2 cells were 

transfected with TEX19 siRNA#7 and the results were compared to control siRNA. The 

findings demonstrate significant TEX19 depletion altered mRNA levels for a limited number 

of genes of interest. Asterisks above the bar indicate p-values (**: p<0.01; ****: p<0.0001). 

TUBA1C and GAPDH were used for data normalisation. The error bars show the standard errors 

of the mean.  
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Figure 4-15 RT-qPCR analysis of genes of interest following TEX19 transcript depletion 

in H460 cells.  

Targets were selected from differentially expressed genes obtained from the RNA sequencing 

results following TEX19 depletion in SW480 cells using TEX19 siRNA#6. H460 cells were 

transfected with TEX19 siRNA#7 and the results were compared to control siRNA. The results 

demonstrate significant TEX19 depletion altered mRNA levels for multiple genes of interest.  

Asterisks above the bar indicate p-values (*: p<0.05; **: p<0.01***: p<0.001). TUBA1C and 

GAPDH were used for data normalisation. The error bars show the standard errors of the mean. 
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Figure 4-16 RT-qPCR analysis of genes of interest following TEX19 transcript depletion 

in SW480 cells.  

Targets were selected from differentially expressed genes obtained from the RNA sequencing 

results following TEX19 depletion in SW480 cells using TEX19 siRNA#6. SW480 cells were 

transfected with TEX19 siRNA#7 and the results were compared to control siRNA. The 

findings demonstrate significant TEX19 depletion altered the mRNA levels for several genes 

of interest. Asterisks above the bar indicate p-values (*: p<0.05; **: p<0.01***: p<0.001; ****: 

p<0.0001). TUBA1C and GAPDH were used for data normalisation. The error bars show the 

standard errors of the mean. 
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Figure 4-17 Assessment of expression for genes of interest following TEX19 depletion.  

The scheme illustrates the comparison of 46 differentially expressed genes following TEX19 

depletion. NTERA2, H460 and SW480 cells were transfected with TEX19 siRNA#7. The 

results obtained from RNA sequencing data are presented with siRNA#6 for comparison of 

gene expression among the analysed data.     
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4.2.5 TEX19 depletion regulates PIWI genes expression  

 

PIWIL1 gene transcript level was observed to be significantly elevated in the RNA 

sequencing results. However, using different TEX19 siRNA exhibited stable results in 

SW480 and H460 cells. In line with this, the consistency of PIWIL1 expression in RNA 

sequencing data and in this study motivated the investigation of a set of genes belonging 

to the PIWI family to determine whether TEX19 is involved in regulation of the PIWI 

pathway. To accomplish this, expressions of PIWIL1, PIWIL2, PIWIL3 and PIWIL4 

were investigated after TEX19 transcript depletion using TEX19 siRNA#7.  

 

Analysis of the mRNA levels of PIWI gene transcripts via RT-qPCR showed that they 

were different in cancer stem-like cells and cancer cells. Depletion of TEX19 transcript 

in NTERA2 revealed elevated mRNA level in PIWIL2 (p<0.05). Likewise, the analysis 

showed no significant change for PIWIL1, PIWIL3 and PIWIL4 (Figure 4.18 A). In 

H460 cells, TEX19 transcript depletion upregulated the transcript level of PIWIL1 

(p<0.01). In contrast, the mRNA level of PIWIL4 was significantly downregulated 

(p<0.01). Both PIWIL2 and PIWIL3 were negatively expressed (Figure 4.18 B). In 

SW480 cells, TEX19 knockdown considerably upregulated PIWIL1, PIWIL2 and 

PIWIL4 (p<0.001, p<0.01 and p<0.01, respectively). SW480 cells were found to express 

no measurable level of PIWIL3 (Figure 4.18 C).  
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Figure 4-18 RT-qPCR analysis of mRNA levels of PIWI genes following TEX19 

transcript depletion.  

Bar chart presenting the mRNA levels of the PIWI genes after transfection with TEX19 

siRNA#7. The results show significant TEX19 transcript knockdown. (A) NTERA2 cells, (B) 

H460 cells, (C) SW480 cells. Asterisks above the bars indicate p-values (*: p<0.05; **: 

p<0.01***: p<0.001; ****: p<0.0001). TUBA1C and GAPDH were used for data 

normalisation. The error bars show the standard errors of the mean. 
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4.3 Discussion  

4.3.1 TEX19 depletion modulates proliferation and self-renewal   

The function of CTA genes has been found to contribute to different biological features 

of cancers (Gjerstorff al., 2015; Fratta et al., 2011), such as metastasis and maintaining 

the proliferation of cancer cells (Greve et al., 2015; Por et al., 2010). In line with this, 

there is an urgent need to elucidate the role of CTA genes in enhancing proliferation 

and achieving cancer cells self-renewal. In this study, Depletion of TEX19 in NTERA2, 

H460 and SW480 exhibited a significant reduction in the TEX19 mRNA and TEX19 

protein levels, signifying the efficiency of using TEX19 siRNA. Western blotting 

analysis verified TEX19 knockdown, showing either a single or dual band. This 

observation was explained earlier in the previous chapter, which showed that it might 

be due to post-transcription protein modification.  

 

The establishment of growth curves for cancer cells is effective when it comes to 

monitoring and evaluating the changes following biological treatment (Assanga & 

Lujan, 2013). Based on the cell count curves in this study, TEX19 knockdown exhibited 

significant reductions in cell proliferation in the examined cancer stem-like cells and 

cancer cells, although these were observed at different levels. The analysis of the cell 

count curves suggested that the loss of TEX19 inhibited proliferation to a greater extent 

in NTERA2 cells compared with SW480 and H460 cells. This could be explained by 

the variance in the doubling time of cancer cells, where the cell division of both SW480 

and H460 was faster than that of NTERA2. Moreover, the screening of mRNA 

expression in the previous chapter showed that SW480 and H460 express TEX19 to a 

greater extent than NTERA2 does. This could be interpreted as showing that the TEX19 

expression level is implicated in enhancing the proliferation rate.  

 

ELDA assay is a widely used technique to compare groups of depleted cells using 

different serial dilutions and displaying the changes in the cell responses following 

biological treatment or molecule transfection (Groth, 1982; Hu & Smyth, 2009; 

Taswell, 1987). Applying ELDA assay to determine the effect of TEX19 knockdown 

revealed a huge effect in all different dilutions (1 cell, 10 cells and 100 cells) in all 

tested cancer cells, suggesting the enrolment of TEX19 in cancer cell self-renewal. For 

the dilution of 1000 cells observed, a limited effect was observed; this could be due to 
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the number of seeded cells and the amount of siRNA treatment, as well as the rapidity 

of cell recovery. ELDA assay analysis exhibit similar results to those of cell count 

curves analysis, where TEX19 depletion inhibited NTERA2 self-renewal more than the 

other cancer cells, suggesting that the high expression of TEX19 could effectively 

enhance self-renewal. Correspondingly, the analysed results in the cell count curves 

and ELDA assay supported the idea that CTA genes provide a proliferative and self-

renewal advantage for cancer cells. However, taking all these observations together, it 

can be inferred that TEX19 could act as oncogenic driver. More specifically, TEX19 

expression may be required to enhance self-renewal in cancer cells and cancer stem-

like cells; its deactivation may participate in the discontinuity of cancer. Hence, TEX19 

could contribute as a promising therapeutic target in cancer treatment.   

 

4.3.2 TEX19 regulates gene expression  

 

The RT-qPCR analysis of genes of interest verified the effects of TEX19 depletion on 

most of those genes. This suggests a role of TEX19 in terms of controlling different 

genes’ expressions either directly or indirectly and TEX19 may play as a transcriptional 

regulator. Re-evaluation of the set of selected differentially expressed genes was carried 

out to determine whether the changes in expression were cancer-cell specific. Using 

different siRNA, the gene expressions obtained were not fully consistent with those 

obtained from RNA sequencing data. This could be explained by suggesting that 

different siRNAs yield different levels of gene knockdown, and thus, they may have 

different consequences. Moreover, no common gene exhibited consistent expression in 

the three tested cancer cells, raising the question of why TEX19 depletion did not yield 

similar expression changes in the three cancer cell lines. This could be explained in 

terms of the heterogeneity and different origins of cancer cells, since SW480 cells are 

derived from colon adenocarcinoma, H460 cells are derived from lung carcinoma and 

NTERA2 cells are derived from embryonal carcinoma. Remarkably, genes like GAR1, 

GPR137B, SEPT12, LY96 and PIWIL1 were observed to have consistent expression in 

two cancer cells, and these expression levels matched the RNA sequencing results, 

indicating a potential function of TEX19 in controlling the expression of these genes.  
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The GAR1 gene encodes H/ACA ribonucleoprotein complex subunit 1 protein. This 

protein is essential for biogenesis of ribosomal ribonucleic acid (rRNA), and it is 

required for telomere maintenance (Dragon et al., 2000; Kiss et al., 2010; Wang & 

Meier, 2004). Moreover, mutation in GAR1 is associated with diseases, including 

dyskeratosis congenita (Mason & Bessler, 2011) and aplastic anaemia (Orkin et al., 

2014). The results showed that TEX19 depletion influenced the mRNA level of GAR1, 

where it was downregulated in H460 and SW480; this was similar to the findings in the 

RNA sequence data. This observation indicates that TEX19 mRNA reduction alters 

GAR1 transcript level, which may disrupt its function. GPR137B is another influenced 

gene found with reduced mRNA level in NTERA2, H460 and RNA sequence data. 

Remarkably, silencing GPR137B using non-interfering siRNA inhibited the 

proliferation of pancreatic cancer cells (Cui et al., 2015), malignant glioma cells (Zong 

et al., 2014) and colon cancer cells (Zhang et al., 2014). Taking these findings together, 

it can be suggested that reducing TEX19 level may be used a considerable tool to 

supress GPR137B expression. Moreover, SEPT12 is a CTA gene (Feichtinger et al., 

2012) required for spermatogenesis (Lai et al., 2016), and its loss is implicated in male 

infertility (Kuo et al., 2012b). The results showed downregulation of SEPT12 mRNA 

levels in NTERA2, H460 and SW480 RNA sequence data, suggesting that this gene 

requires TEX19 to control its expression. A reduction in TEX19 mRNA upregulated 

LY96 in SW480, H460 and RNA sequence data. LY96 is also known as the MD-2 gene. 

It encodes lymphocyte antigen 96 protein, which interacts with toll-like receptor 4 

(TLR4), thereby contributing to the innate immune system activation. LY96 has been 

found to be linked with distant metastasis in colorectal carcinoma tissue and lymph 

node metastasis (Ohnishi et al., 2003; Xu et al., 2011). However, TEX19 modulated 

LY96 expression, and further work is required to understand whether there is 

interaction between them.  

 

The PIWI genes (PIWIL1-PIWIL4) are involved in the maintenance of spermatogenesis 

and play a role in the meiosis of germline stem cells. In addition, the genetic variation 

in these genes is anticipated to harm normal spermatogenesis (Gu et al., 2010; Robles 

et al., 2016). The results showed negative expression of PIWIL3 in H460 and SW480; 

furthermore, PIWIL2 was found not expressed in H460. This may be due to the 

heterogeneity in cancer cell lines. Remarkably, all PIWI genes were found to be 

expressed in embryonal carcinoma (NTERA2); this implies their predominant 
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expression in cells exhibiting developmental properties similar to those of the early 

embryo. TEX19 knockdown revealed an influence in controlling PIWIL1, PIWIL2 and 

PIWIL4 expression in different cancer cells. To synthesise these findings, reduction of 

TEX19 mRNA influenced the PIWI gene transcripts at different levels in cancer stem-

like cells and cancer cells, suggesting a role of TEX19 in maintaining the PIWI 

pathway.  

 

To summarise the results presented in this chapter, TEX19 is a gene that can act as an 

oncogenic drive, providing a proliferative and self-renewal asset for human cancer 

stem-like cells and cancer cells. More importantly, TEX19 expression has been  

suggested to be required for controlling the expression of several genes in distinct 

human cancer cells. Further research should be conducted to determine whether TEX19 

acts as an oncogene and a transcription factor gene.  
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Chapter 5 

 
The role of TEX19 in human embryonic 

stem cells  (hESCs)  
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5. The role of TEX19 in human embryonic stem cells 

(hESCs) 

5.1 Introduction 

Studying human embryonic stem cells (hESCs) in vitro is a useful tool for exploring 

early human development and identifying the source of cells that contribute to the 

development of regenerative medicine (Gaskell et al., 2016; Keller, 2005; Shufaro & 

Reubinoff, 2004). hESCs are unique pluripotent cells that are derived from the inner 

cell mass of blastocysts that form multicellular organisms. hESCs have intrinsic 

features, such as their ability to self-renew and differentiate into a wide range of cell 

types (Gaskell et al., 2016; Keller & Gadue, 2016). Due to this comprehensive 

differentiation, hESCs are potential prospects as useful sources in tissue engineering 

and transplantation (Langer & Vacanti, 2016; Shirai & Mandai, 2016). Three major 

transcription factor genes, OCT4, NANOG and SOX2, are essential and responsible for 

the maintaining pluripotency in hESCs (Boyer et al., 2005). In addition, OCT4, NANOG 

and SOX2 are molecular stem cell markers that are preferentially express in hESCs 

(Abeyta et al., 2004; Sato et al., 2003), and the reduction in their expression results in 

them losing their pluripotency and stemness features (Singh et al., 2016).  

 

Expression of OCT4 and NANOG are frequently used as markers for indicating 

undifferentiated hESCs (Lai et al., 2015).  The depletion of OCT4 in vitro has led to 

dramatic differentiation in hESCs proving that it is essential for providing pluripotency 

for hESCs (Zafarana et al., 2009). Likewise, downregulation of NANOG has resulted 

in reduction in the expression of OCT4 and hESCs differentiation, thereby elucidating 

that both OCT4 and NANOG are fundamentally required to prevent hESCs from losing 

their stemness properties (Hyslop et al., 2005). SOX2 is another marker required for 

pluripotency, and its expression has been most frequently linked with stem cells and 

precursor cells. Depletion of SOX2 has led to morphological changes in hESCs, 

indicating the differentiated state of those cells. Moreover, SOX2 knockdown has been 

found to significantly downregulate the expression of OCT4 and NANOG, thereby 

indicating that SOX2 plays a critical role in maintaining pluripotency and controlling 

the expression for other stem cell markers (Fong et al., 2008). In addition to their crucial 
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function for maintaining pluripotency, OCT4, NANOG and SOX2 are also implicated 

in regulating several transcription factor genes, such as PAX6, HOXB1 and MYF5, 

which are required for the differentiation of hESCs, (Boyer et al., 2005). In line with 

stem cell markers, hESCs express a number of cell surface markers, including TRA-1-

8, TRA-1-60, SSEA3 and SSEA4, but not SSEA1. These surface markers are also 

known as surface antigen phenotypes; they play a key role in the characterisation of 

hESCs and they are used to define pluripotent and differentiated cell types (Draper et 

al., 2002; Wright & Andrews, 2009).  

 

The expression profile of CTA genes has been suggested to be linked to normal stem 

cell biology. During the development of embryo, epiblasts generate primordial germ 

cells have some activated CTA genes, and these genes are later inactivated as germ 

cells that undergo differentiation (Costa et al., 2007). Nevertheless, this restricted 

expression suggests that these genes play an important role during early embryogenesis 

(Costa et al., 2007; Cronwright et al., 2005; Ghafouri-Fard, 2015). Moreover, SSX 

(Sarcoma, Synovial, X-Chromosome) is a CTA gene found with downregulated 

expression after the differentiation of mesenchymal stem cells, thereby suggesting its 

expression as a stem cell marker (Cronwright et al., 2005). However, the function of 

CTA genes in stem cells has not been fully explored, and the role of these genes in stem 

cell biology is being actively investigated (Akers et al., 2010).  

 

In Chapter 3, TEX19 was reported as a CTA gene and it was found to be expressed in 

cancer stem-like cells, hESCs and iPSCs, but not in fibroblasts, thereby suggesting that 

it plays a role in stem cells. In mESCs, Tex19.1 has been reported as a marker for 

pluripotency as its expression has been found to be associated with Oct4 expression 

upon mESCs differentiation (Kuntz et al., 2008). No previous study has elucidated the 

function of TEX19 in hESCs. Analogous to this, this chapter aims to further investigate 

the presence of TEX19 in different human embryonic stem (hES) cell lines. Moreover, 

this work aims to determine whether or not TEX19 is linked to the normal biology of 

hESCs, and if it can act as a stem cell marker.    
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5.2 Results 

5.2.1 Analysis of TEX19 expression in human embryonic stem cell 

lines 

 

TEX19 expression was investigated in different human embryonic stem (hES) cell lines 

via RT-PCR. These hES cell lines include SHEF6, H9 and H7S14, which are normal 

karyotypes, and H7S6, which has an abnormal karyotype. H7S6 has the addition of a 

derivative of Chromosome 1, addition of 17q and a duplication of 20q CNV (20q11.21). 

cDNA from these hES cell lines was synthesised from the total RNA, and βACT RT-

PCR was carried out to assess the quality of the cDNA. RT-PCR analysis revealed a 

detectable expression signal of TEX19 in all of the examined hES cell lines (Figure 5.1). 

The PCR products for both TEX19 and βACT migrated to the expected sizes (344 bp 

and 553 bp, respectively).  

 

Based on the analysed hES cell line results obtained via RT-PCR, an investigation was 

carried out using RT-qPCR for further confirmation. In line with this, the expression of 

stem cell marker genes OCT4, NANAOG and SOX2 was also checked to ensure that the 

hES cell lines were expressing the pluripotency markers. The RT-qPCR analysis results 

showed that SHEF6, H9, H7S14 and H7S6 all express a significant level of TEX19 

(Figure 5.2 A). H7S6 expressed TEX19 more than the other hES cell lines. 

Correspondingly, all of the tested hES cell lines expressed the essential pluripotent stem 

cell markers OCT4, NANOG and SOX2 (Figure 5.2 B, C, D).  

 

In parallel with the molecular markers, the surface markers for the hES cell lines were 

checked in SHEF6. This step was done to monitor any changes that might have 

occurred, because the SHEF6 where cultured in the McFarlane lab and then transferred 

to the Andrews lab for the experiments. SSEA3, SSEA4 and TRA-1-60 are hESC 

surface markers; they were examined using flow cytometry, and the results showed 

positive detection (Figure 5.3).  
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Figure 5-1 RT-PCR analysis of TEX19 gene expression in hES cell lines.  

Agarose gels present the TEX19 expression in distinct hES cell lines. The expression profile of 

the βACT gene was used as a positive control for the synthesised cDNA. Testis tissue was used 

as a positive control. dH2O was used as negative control. The PCR products were detected with 

the expected sizes (presented on the left).  
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Figure 5-2 RT-qPCR analysis of the TEX19 gene expression in distinct hES cell lines.  

(A) Bar chart presenting the expression levels of the TEX19 gene in hES cell lines. (B) Bar 

chart showing the expression levels of the OCT4 gene in hESC. (C) Bar chart demonstrating 

the expression levels of the NANOG gene in the hES cell lines.  (D) Bar chart showing the 

expression levels of the SOX2 gene in the hES cell lines. OCT4, NANOG and SOX2 genes were 

used as molecular stem cell markers. The obtained data were normalised using a combination 

of two endogenous reference genes, YWHAZ and Actin. The error bars show the standard errors 

of the mean. 
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Figure 5-3 FACS analysis of cell surface makers in SHEF6. 

Flow cytometric profile of surface antigen phenotypes in the untreated hES cell line (SHEF6). 

(A) P3X63AG indicates the negative gate, and it was used as the negative control. (B) SSEA1 

was used as the differentiation marker. (C) TRA1-85 was used as a positive control for human 

cells. (D) TRA1-60 is a hESC surface marker, and it was used as the positive control. (E, F) 

SSEA3 and SSE4 are hESC surface markers. Y is the relative cell count. X is the fluorescent 

intensity.         
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5.2.2 Depletion of TEX19 in human embryonic stem cell lines 

 

In order to explore whether TEX19 plays a function in hESCs, the depletion of TEX19 

was carried out in different hES cell lines: SHEF6, H9, H7S14 and H7S6. TEX19 

siRNA#7 was used to perform all the experiments. Negative siRNA was used as a 

control to assess TEX19 depletion. The transfection of cells with TEX19 siRNA#7 was 

carried out for four days along with the control siRNA (negative siRNA). Following 

completion of the treatment, the cDNA was generated from total RNA, and TEX19 

mRNA was evaluated via RT-qPCR to assess the depletion level. The measurement of 

TEX19 mRNA showed significant depletion in comparison to the control in all the hES 

cell lines except for H7S14. A significant depletion was observed in the following hES 

cell lines: SHEF6 (p<0.01), as shown in Figure 5.4.A, H9 (p<0.01), as shown in Figure 

5.4.B and H7S6 (p<0.0001), as shown in Figure 5.4.D. The P value was not statistically 

significant in H7S14 (Figure 5.4.C).  
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Figure 5-4 Depletion of TEX19 transcript in the hES cell lines. 

Analysis of TEX19 mRNA levels via RT-qPCR following depletion in the different hES cell 

lines. TEX19 siRNA#7 was used for transfection.  (A) SHEF6; (B) H9; (C) H7S14; (D) H7S6. 

Bar charts A, B and D demonstrate a significant reduction in TEX19 mRNA compared to the 

control. Asterisks above the bar indicate the p-value (**: p<0.01;****: p<0.0001). YWHAZ and 

Actin were used for data normalisation. The error bars show the standard errors of the mean. 
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5.2.3 The influence of TEX19 depletion on human embryonic stem cell 

markers  

 

In order to explore whether TEX19 expression is correlated with pluripotent markers or 

if it has a potential function in hESCs, the mRNA of the stem cell markers was 

evaluated following TEX19 depletion. Reducing the TEX19 mRNA level was found to 

differentially alter the levels of OCT4 and NANOG mRNA. In hES cell line SHEF6, 

the reduction of TEX19 mRNA led to significant upregulation in NANOG (p<0.01), and 

no significant changes were observed for the rest of the genes of interest (Figure 5.5). 

In H9, the reduction in the TEX19 level significantly reduced OCT4 mRNA (p<0.05) 

and NANOG mRNA was substantially reduced (p<0.001); however, no effect was 

observed in the level of SOX2 mRNA (Figure 5.6). In H7S6, TEX19 knockdown 

downregulated NANOG mRNA (p<0.01), but no effect was detected for OCT4 and 

SOX2 mRNAs (Figure 5.8).  According to the P value and the statistical significance in 

H7S14, the difference between the control and TEX19 siRNA was not statistically 

significant. Remarkably, this small depletion has significantly downregulated the levels 

of NANOG mRNA (p<0.001) (see Figure 5.7). More importantly, TEX19 depletion has 

influenced the levels of NANOG mRNA in all the hES cell lines examined and the 

OCT4 mRNA in an individual hES cell line (H9).  
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Figure 5-5 RT-qPCR analysis of stem cell marker gene mRNAs following TEX19 mRNA 

depletion in SHEF6.  

SHEF6 was transfected with TEX19 siRNA#7 and the results were compared to the control 

siRNA. The bar charts demonstrate significant TEX19 transcript depletion and upregulated 

mRNA for NANOG. Asterisks above the bar indicate the p-value (**: p<0.01). YWHAZ and 

Actin were used for data normalisation. The error bars show the standard errors of the mean.  
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Figure 5-6 RT-qPCR analysis of stem cell marker gene mRNAs following TEX19 mRNA 

depletion in H9.  

H9 was transfected with TEX19 siRNA#7 and the results were compared to the control siRNA. 

The bar charts demonstrate significant TEX19 transcript depletion and altered mRNAs for the 

genes of interest.  Asterisks above the bar indicate the p-value (*: p<0.05; **: p<0.01;***: 

p<0.001). YWHAZ and Actin were used for data normalisation. The error bars show the standard 

errors of the mean.  
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Figure 5-7 RT-qPCR analysis of stem cell marker gene mRNAs following TEX19 mRNA 

depletion in H7S14.  

H7S14 was transfected with TEX19 siRNA#7 and the results were compared to the control 

siRNA. The bar charts demonstrate the mRNA levels of TEX19 and the genes of interest. 

Asterisks above the bar indicate the p-value (***: p<0.001). YWHAZ and Actin were used for 

data normalisation. The error bars show the standard errors of the mean.  
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Figure 5-8 RT-qPCR analysis of stem cell marker gene mRNAs following TEX19 mRNA 

depletion in H7S6.  

H7S6 was transfected with TEX19 siRNA#7 and the results were compared to the control 

siRNA. The bar charts demonstrate significant TEX19 transcript depletion and downregulated 

mRNA for NANOG. Asterisks above the bar indicate the p-value (**: p<0.01;****: p<0.0001). 

YWHAZ and Actin were used for data normalisation. The error bars show the standard errors of 

the mean.  
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5.2.4 The influence of TEX19 depletion on PIWI genes in hES cell lines 

 

In Chapter 4, TEX19 expression was found to be controlling PIWI gene transcripts in 

cancer cells and cancer stem-like cells. Based on this, the influence of the TEX19 

knockdown on PIWI gene transcripts was investigated in hES cell lines. At the 

beginning, the transcript levels of PIWIL1, PIWIL2, PIWIL3 and PIWIL4 were 

evaluated via RT-qPCR in SHEF6, H9, H7S14 and H7S6. The hES cell lines were 

found to negatively express PIWIL1 and PIWIL3 (not shown). In contrast, both PIWIL2 

and PIWIL4 were detected with significant transcripts in SHEF6, H9, H7S14 and H7S6 

(Figure 5.9A, B). PIWIL2 and PIWIL4 were further investigated.  

 

The reduction of the TEX19 mRNA levels in hES cell lines was found to alter the levels 

of PIWIL2 and PIWIL4 mRNAs in H9, H7S14 and H7S6.  However, no significant 

change was observed for PIWIL2 and PIWIL4 mRNAs in SHEF6 (Figure 5.10.A). In 

H9, PIWIL2 and PIWIL4 mRNAs were downregulated after TEX19 knockdown, and a 

significant change (p<0.05; p<0.01, respectively) was observed (Figure 5.10.B). In 

H7S14, the limited depletion of knockdown was found to reduce PIWIL2 transcripts 

(p<0.05), and no significant change was detected for PIWIL4 transcripts (Figure 

5.10.C). TEX19 mRNA depletion was found to inhibit the PIWIL4 transcript levels in 

H7S6 (p<0.01), while no effect was observed for PIWIL2 (Figure 5.10.D).  
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Figure 5-9 RT-qPCR analysis of the PIWI genes expression in distinct hES cell lines.  

(A) Bar chart presenting the expression levels of the PIWIL2 gene in the hES cell lines. (B) Bar 

chart showing the expression level of the PIWIL4 gene in the hES cell lines. The obtained data 

were normalised using a combination of two endogenous reference genes, YWHAZ and Actin. 

The error bars show the standard errors of the mean. 
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Figure 5-10 RT-qPCR analysis of PIWI gene transcripts following TEX19 mRNA 

depletion in hES cell lines.  

Analysis of PIWIL2 and PIWIL4 mRNA levels via RT-qPCR following TEX19 transcript 

depletion in different hES cell lines. (A) SHEF6; (B) H9; (C) H7S14; (D) H7S6. Bar charts 

demonstrate the mRNA levels of TEX19 and the genes of interest. Asterisks above the bar 

indicate the p-value (*: p<0.05;**: p<0.01;****: p<0.0001). YWHAZ and Actin were used for 

data normalisation. The error bars show the standard errors of the mean. 
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5.2.5 The behaviour of TEX19 upon differentiation of human 

embryonic stem cells   

 

In the preliminary results presented in Chapter 3, a significant decrease was observed 

in the TEX19 mRNA level when NTERA2 (stem cell model) underwent differentiation. 

Based on this finding, the behaviour of TEX19 was monitored in hESCs based on the 

differentiation time to conclude whether or not it behaved like a stem cell marker. For 

this purpose, the hES cell lines, SHEF6, H9, H7S14 and H7S6, were differentiated 

using an inducer agent, retinoic acid, which direct the hESCs to their neuronal lineage. 

Moreover, the differentiation process was carried out for different times for each hES 

cell line: day 1, day 3, day 7 and day 10. By day 10, the hESCs showed strong 

differentiation and morphological changes (see example image in Figure 5.11). 

Untreated cells were used as a positive control, OCT4 was used as a stem cell marker 

and PAX6 was used as a neuronal marker. The transcript levels of OCT4, PAX6 and 

TEX19 were analysed according to the differentiation time using RT-qPCR.          

 

 

In SHEF6, the analysis of the OCT4 levels showed a significant decline in OCT4 

mRNA from day 1, and the OCT4 mRNA levels began to be unmeasurable at day 7 

(Figure 5.12 A). This indicates that the SHEF6 cells became differentiated. On day 1, 

day 3, day 7 and day 10, a significant reduction was detected in OCT4 transcripts in 

comparison to the control (p<0.05, p<0.001, p<0.001 and p<0.001, respectively). 

Appearance of PAX6 mRNA began at day 3, indicating the start of direction to the 

neuronal linage (Figure 5.12 B). In addition, the analysis of the TEX19 mRNA levels 

showed significant reductions on day 3 and day 7 (p<0.05; p<0.05, respectively). The 

TEX19 mRNA level was observed to increase on day 10 (p<0.05) (Figure 5.12 C). 

 

The behaviour of H9 was found to be very similar to the behaviour observed in SHEF6. 

The analysis of the OCT4 mRNA levels showed a significant decline from day 1, and 

the OCT4 mRNA could not be detected from day 7 (Figure 5.13 A). This indicates 

differentiation of the H9 cells. On day 1, day 3, day 7 and day 10, a significant reduction 

in OCT4 mRNA was detected in comparison to the control (p<0.05, p<0.001, p<0.001 

and p<0.001, respectively). PAX6 mRNA started to be apparent on day 1, indicating 

the direction of cells to neuronal linage (Figure 5.13 B). In addition, analysis of the 
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TEX19 mRNA levels showed significant reductions on day 3 and day 7 (p<0.05; 

p<0.01, respectively), increasing again on day 10 (p<0.05) (Figure 5.13 C).  

 

The H7S14 analysis, showed a significant decline in OCT4 mRNA from day 1, and on 

day 7 was undetectable (Figure 5.14 A). This indicates that the H7S14 cells became 

differentiated. On day 1, day 3, day 7 and day 10, a significant reduction in OCT4 

mRNA was detected in comparison to the control (p<0.05, p<0.0001, p<0.0001 and 

p<0.0001, respectively). PAX6 mRNA was apparent on day 1, indicating the start of 

direction to neuronal linage (Figure 5.14 B). In addition, no significant changes in 

TEX19 transcript levels were observed on day 3, day 7 and day 10. However, the TEX19 

mRNA level increased on day 1 (p<0.05) (Figure 5.14 C). 

 

In H7S6, the OCT4 mRNA could not be detected at day 7 and beyond (Figure 5.15 A). 

This indicates that the H7S6 cells underwent differentiation. On day 7 and day 10, a 

significant reduction in OCT4 mRNA was detected in comparison to the control 

(p<0.001; p<0.001, respectively). PAX6 mRNA became apparent on day 7, indicating 

the beginning of direction to neuronal linage (Figure 5.15 B). In addition, significant 

reductions in the TEX19 mRNA levels were observed on day 10 (p<0.01) (Figure 5.15 

C).  
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Figure 5-11 Human embryonic stem cell morphology. 

(A) Light microscopy image of the normal morphology of the hES cell line (SHEF6). (B) An 

image of the hES cell line (SHEF6) treated with a retinoic acid inducer for 10 days showing 

strong differentiation.     
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Figure 5-12 RT-qPCR analysis of the TEX19 mRNA levels in SHEF6 treated with 

retinoic acid. 

(A) Bar chart showing the mRNA levels of the OCT4 gene in SHEF6 treated with retinoic acid 

on the selected days. (B) Bar chart showing the mRNA levels of PAX6. OCT4 was used as a 

stem cell marker and PAX6 as a neuronal marker. (C) Bar chart elucidating the mRNA levels 

of the TEX19 gene upon differentiation. YWHAZ and Actin were used for data normalisation. 

The error bars show the standard errors of the mean. Asterisks above the bars indicate the p-

values (*: p<0.05; ***: p<0.001; ****: p<0.0001). 
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Figure 5-13 RT-qPCR analysis of the TEX19 mRNA levels in H9 treated with retinoic 

acid. 

(A) Bar chart presenting the mRNA levels of the OCT4 gene in H9 treated with retinoic acid 

on the selected days. (B) Bar chart showing the mRNA levels of PAX6. OCT4 was used as a 

stem cell marker and PAX6 as a neuronal marker. (C) Bar chart elucidating the mRNA levels 

of the TEX19 gene upon differentiation. YWHAZ and Actin were used for data normalisation. 

The error bars show the standard errors of the mean. Asterisks above the bars indicate the p-

values (*: p<0.05; **: p<0.01;***: p<0.001; ****: p<0.0001). 
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Figure 5-14 RT-qPCR analysis of the TEX19 mRNA levels in H7S14 treated with 

retinoic acid. 

(A) Bar chart presenting the mRNA levels of the OCT4 gene in H7S14 treated with retinoic 

acid on the selected days. (B) Bar chart showing the mRNA levels of PAX6. OCT4 was used 

as a stem cell marker and PAX6 as a neuron marker. (C) Bar chart elucidating the mRNA levels 

of the TEX19 gene upon differentiation. YWHAZ and Actin were used for data normalisation. 

The error bars show the standard errors of the mean. Asterisks above the bars indicate the p-

values (*: p<0.05; ***: p<0.001; ****: p<0.0001). 
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Figure 5-15 RT-qPCR analysis of the TEX19 mRNA levels in H7S6 treated with retinoic 

acid. 

(A) Bar chart presenting the mRNA levels of the OCT4 gene in H7S6 treated with retinoic acid 

on the selected days. (B) Bar chart showing the mRNA levels of PAX6. OCT4 was used as a 

stem cell marker and PAX6 as a neuron marker. (C) Bar chart elucidating the mRNA levels of 

the TEX19 gene upon differentiation. YWHAZ and Actin were used for data normalisation. The 

Y axis is linear. The error bars show the standard errors of the mean. Asterisks above the bars 

indicate the p-values (**: p<0.01; ***: p<0.001; ****: p<0.0001). 
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5.3 Discussion  

TEX19 has been hypothesised to be linked to pluripotency (Kuntz et al., 2008). In this 

study, a set of hES cell lines were examined, and the results have confirmed the 

presence of TEX19 transcripts in hESCs. This is a significant sign that TEX19 is a 

stemness factor and it may have a functional connection to stem cell biology and 

pluripotent markers. The mechanism behind the ability of hESCs to remain pluripotent 

and undifferentiated has not yet been fully explored. To date, few key factors have been 

identified as being critical for maintaining pluripotency in hESCs (Fong et al., 2008).  

Several functional studies have elucidated that OCT4 and NANOG encode 

indispensable transcription factors required to maintain self-renewal and pluripotency, 

and they critically regulate the cell fate in hESCs. Moreover, these studies have 

confirmed that a reduction in the expression of OCT4 and NANOG is responsible for 

differentiation and losing the pluripotency in hESCs (Hay et al., 2004; Hyslop et al., 

2005; Matin et al., 2004; Zaehres et al., 2005). In line with this, TEX19 transcript 

depletion in distinct hES cell lines has significantly altered the mRNAs of stem cell 

markers at different levels. In the examined hES cell lines (SHEF6, H9, H7S14 and 

H7S6), the reducing of TEX19 mRNA was found to significantly decrease the mRNA 

levels of NANOG in H9 and H7S6, while NANOG mRNA level was elevated in SHEF6. 

Interestingly, the limited TEX19 transcript depletion in H7S14 has led to a significant 

reduction in the levels of mRNA of NANOG. These observations strongly infer that 

TEX19 controls the expression of NANOG. OCT4 was another stem cell marker that 

was found to be downregulated in H9 after TEX19 mRNA knockdown. In the H9 hES 

cell line, TEX19 mRNA depletion substantially reduced NANOG transcripts. This opens 

up two possibilities. First, TEX19 transcript depletion has directly reduced OCT4 

expression; second, the significant inhibition in the NANOG level has downregulated 

OCT4 expression. However, this could indicate that TEX19 may also control OCT4 

expression either directly or indirectly. Therefore, this key finding supports the idea 

that TEX19 is speculated to play a role in maintaining pluripotency. Moreover, TEX19 

might be required for hESCs to regulate crucial stem cell markers, NANOG in 

particular. In addition, in the present study TEX19 is emerging evidence to act as a stem 

cell marker. However, further research is required to conclude if TEX19 has a definitive 

function in controlling stem cell markers and sustaining the pluripotency in hESCs.  
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The investigation of the influence of TEX19 mRNA depletion on hESCs was further 

extended to include the PIWI genes. Those genes encode proteins that contribute to 

maintaining germline stem cells (Gu et al., 2010). Of the four PIWI genes only the 

transcripts of PIWIL2 and PIWIL4 were found to be significant, while all the examined 

hES cell lines did not appear to express PIWIL1 and PIWIL3. In H9, the transcript levels 

of both PIWIL2 and PIWIL4 were inhibited. This comprehensive inhibition could be 

due to either the influence of TEX19 or the reduction in NANOG and OCT4 following 

TEX19 depletion. Moreover, in H7S6 and H7S14 the reduction in the PIWI transcripts 

could be either due to TEX19 depletion or the reduction in the NANOG level. No 

significant change was observed in the transcript levels of PIWIL2 and PIWIL4 in 

SHEF6, and this might be because TEX19 has no influence on those genes or it might 

be due to the NANOG behaviour, as it was elevated in contrast to the other hES cell 

lines. More importantly, these observations indicate the potential function for TEX19 

in terms of regulating PIWI genes in hESCs either through its depletion or its influence 

on the stem cell markers.   

 

The expression of murine Tex19.1 has been found to be inhibited upon differentiation 

in parallel with Oct4, thereby speculating its function as a pluripotent marker (Kuntz et 

al., 2008). In line with this, retinoic acid was used to differentiate the hESCs and the 

subsequent inhibition of OCT4 expression was monitored. Retinoic acid is a vitamin A 

metabolite that is required for several processes during the embryonic development, 

such as differentiation and proliferation. Moreover, retinoic acid stimulates 

differentiation, promotes stem cell neural lineage specification and reduces the markers 

of pluripotency (Zhang et al., 2015a). In this present study, applying retinoic acid to the 

hES cell lines led to the cessation of OCT4 expression and the activation of the 

ectoderm marker gene PAX6, thereby indicating successful differentiation. The TEX19 

mRNA level decreased on day 3 and day 7 in SHEF6 and H9, suggesting a possible 

link to OCT4 expression. The elevation of the TEX19 transcript levels on day 10 might 

be attributed to the role of retinoic acid in controlling germ line genes. Hong et al. 

(2012) elucidated the power of retinoic acid in regulating the expression of germ genes 

in stem cells. In the present study, differentiation of H7S14 did not lead to reduction in 

the TEX19 transcript levels, indicating that different hES cell lines display different 

behaviours for TEX19. The differentiation in H7S6 was found to reduce the TEX19 

mRNA for all of the days, showing significant inhibition on day 10. This hES cell line 
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provides a very good example of a case in which the TEX19 transcript level was reduced 

when hESCs lose pluripotency. In a broad spectrum, TEX19 could be a stemness factor 

that requires pluripotency for its stable expression in hESCs. Moreover, using an 

approach that further investigates hESC differentiation is a valuable way to confirm the 

behaviour of TEX19 in hESCs because retinoic acid may modulate the expression of 

germ genes during the differentiation process.  

 

To summarize, TEX19 is a specific stemness factor gene found to express in all of the 

examined hES cell lines, and it might be required for the expression of OCT4 and 

NANOG.  TEX19 depletion was found to alter the expression of PIWIL2 and PIWIL4 

in hESCs, indicating that it has a potential role in regulating the PIWI pathway. To 

some extent, differentiation of hESCs was found to reduce the expression level of 

TEX19, and it produced changeable behaviour. More in depth, this study’s findings 

postulate that TEX19 could play a functional role, thereby contributing to stem cell 

biology and pluripotent markers. 
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Chapter 6 

 

TEX19 regulates transposable elements 

(TEs) in cancer cells and human 

embryonic stem cells (hESCs) 
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6. TEX19 regulates transposable elements (TEs) in cancer 

cells and human embryonic stem cells (hESCs) 

6.1 Introduction 

The changes in DNA sequences and epigenetic modifications play a key role as a cause 

of variation in genomes. Alterations in the DNA sequence can be generated by different 

factors, such as errors in DNA replication/repair or insertion of mobile DNAs. These 

mobile DNAs are also called transposable elements (TEs), and their DNA sequences 

can be inserted elsewhere in a genome (Elbarbary et al., 2016). TEs are distinct 

sequences of DNA that can move from a certain locus to another either in their host 

genome or among different genomes (Haren et al., 1999). With rare exceptions, TEs 

have been found in all eukaryotic genomes sequenced to date (Huang et al., 2012), and 

their ability to modify the genome structure and alter gene expression has been 

recognised (Cordaux & Batzer, 2009; Huang et al., 2012; Elbarbary et al., 2016). 

Sequences of TEs inhabit approximately half of the human genome; this means that the 

human genome has one of the highest levels of TE content among mammals (Belancio 

et al., 2009).  

 

TEs are broadly divided into two main sets based on the transposition mechanism, 

namely RNA-based retrotransposons (Class I) and DNA transposons (Class II). Class I 

TEs, or retrotransposons, use an RNA intermediate for their mobilisation; the sequences 

of those retrotransposons are transcribed from the genome using cellular RNA 

polymerases and then integrated into a new site via a transposon-encoded reverse 

transcriptase. Class II TEs, or DNA transposons, use a DNA-based cut-and-paste 

transposition (Wicker et al., 2007; Panaud, 2016). The activity of human DNA 

transposons subsided millions of years ago; consequently, this TE group is no longer 

contribute considerably to the continuing mutagenesis in humans (Belancio et al., 

2009).  

 

Retrotransposons (Class I) participate to form up to approximately 40% of the human 

genome, and they have been further subdivided into two major groups, namely long 

terminal repeats (LTRs) and non–long terminal repeats (non-LTRs). LTR 
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retrotransposons encompass the human endogenous retroviruses (HERVs), while non-

LTR Retrotransposons encompass long interspersed element (LINE) and short 

interspersed elements (SINE) (Piégu et al., 2015).  

 

HERVs represent DNA sequences derived from viruses, and they comprise up to 8% 

of the human genome (Kurth & Bannert, 2010). Four families of HERVs are known, 

namely HERV-K, HERV-W, HERV-H and HERV-R; these contain the basic viral 

genes (Kim, 2012). In addition, HERVs are initiated due to infection in the germline 

cells by ancient and exogenous retroviruses; later, these HERVs become unable to 

encapsulate the viral genome, and they continued to be integrated as parts of the human 

genome. Therefore, the genetic material of HERVs still contain the typical (basic) 

retroviral genes, including pro, pol, gag and env ( Dewannieux & Heidmann, 2013; 

Kurth & Bannert, 2010; Stoye, 2012). In the human genome, studies have indicated an 

inactive condition for most of TEs, and HERVs have been found to be unable to 

produce functional viruses. Moreover, some of these elements are found to contribute 

to the normal physiology of the host species. Syncytin-1 and Syncytin-2 are proteins 

encoded by the gene env from the HERV group, and they have been found to contribute 

to the development of placental trophoblasts (Lokossou et al., 2014). The retrovirus 

HERV-H, which belongs to the H family – found to be preferentially expressed in 

hESCs – is associated with stem cell markers and is required to maintain pluripotency. 

All of this suggests a potential functional role for HERVs, and thus, they should be 

considered in research (Lu et al., 2014).  

 

LINE-1 and SINE are mobile elements, and clear evidence has been found that they are 

active in the human genome. LINE-1 is an autonomous member that forms up to about 

17% of the human genome. Its sequence is about 6 kb long, and it encodes the activation 

of several enzymes, including reverse transcriptase and endonuclease; these enzymes 

are essential for the integration of the DNA copy into the genome (Belancio et al., 2009; 

Piskareva et al., 2013). In contrast, SINE is a non-autonomous member comprising 

more than 10% of some genomes. Its sequence is approximately 700 bp long, and it 

does not encode any enzymes; instead, it relies on the presence of the functional LINE-

1, and it is therefore referred to as the LINE-1 parasite (Vassetzky & Kramerov, 2013).  
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TEs have intrinsic features in terms of their mobilisation, which may enable them to 

cause reshuffling of sequences, genetic reorganisation, gene structure alterations and 

modifications in the expression patterns of the cells. This suggests that the 

dysregulation of TEs may lead to their activation or translocation, which could result 

in the accumulation of a prospective oncogenic outcome (Dhivya & Premkumar, 2016). 

Moreover, analysis of protein level and mRNA for active TEs has revealed their 

activation in various types of cancer (Downey et al., 2015). The main reason for the 

activation of TEs in cancer relates to their control by epigenetic processes. TE DNA is 

methylated in normal conditions and subsequently silenced in normal human cells; TE 

DNA methylation is eliminated in cancer cells, providing the opportunity for these TEs 

to be triggered and to disturb the integrity of the cell (Grégoire et al., 2016). In line with 

this, some TEs have been linked with oncogenesis; for example, the human endogenous 

retrovirus HERV-K (HML-2) has been detected at a high level in the plasma of 

lymphoma patients. Remarkably, the patients responding successfully to treatment 

showed either low or undetectable HERV-K (HML-2) levels, demonstrating that this 

element is a potential biomarker for lymphoma (Contreras-Galindo et al., 2008). 

Likewise, this endogenous viral element has been found to be overexpressed in breast 

cancer, suggesting that its expression plays a role in breast cancer pathogenesis (Wang-

Johanning et al., 2001). Moreover, changes in the expression of LINE-1 due to 

hypomethylation are linked with various type of cancers, such as colon cancer and 

breast cancer, and its activation has been found to induce genomic instability in tumour 

cells. (Kemp & Longworth, 2015). 

 

Öllinger and his co-workers (2008) were the first group to report that murine Tex19.1 

is associated with TE activity. The deletion of Tex19.1 in testis samples has elevated 

the expression of a particular ERV, MMERVK10C. A few years after this initial report, 

Reichmann and his colleagues (2013) showed the elevation of the LINE-1 transcript 

level when Tex19.1 is deleted in the placenta; therefore, these researchers postulated 

that Tex19.1 is required to repress TEs. The aim of the present work to examine whether 

human TEX19 is linked to TE activity and if it controls TEs expression in cancer stem-

like cells, cancer cells and hESCs.  
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6.2 Results   

6.2.1 TEX19 regulates transposable elements in cancer stem-like cells 

and cancer cells 

 

The level of TEX19 mRNA was depleted in cancer stem-like cells (NTERA2) and 

cancer cells (H460, SW480) using TEX19 siRNA#7 (see Chapter 4). To inspect the link 

between TEX19 and TEs, RT-qPCR was carried to determine the alteration in RNA 

levels for multiple TEs in NTERA2, H460 and SW480 following TEX19 transcript 

depletion. Different groups of TEs were examined, including non-LTR 

retrotransposons (LINE-1and SINE) and LTR retrotransposon (HERVs). The multiple 

TEs belonging to HERVs group were HERV K pro, HERV K 107, HERV K 10, HERV 

K HML2 rec, HERV K env, HERV K pol and HERV K gag. The obtained results via 

RT-qPCR showed differing alterations in the TE RNA levels based on each examined 

cancer cell line (Figures 6.1-6.3). 

     

The TEX19 transcript knockdown in NTERA2 resulted in upregulation of the HERV K 

107 transcript level (p<0.05). The other HERV, SINE and LINE-1transcripts, were not 

affected, and they exhibited no significant change (Figure 6.1). In H460, the reducing 

of TEX19 mRNA resulted in a significant increase for multiple HERV transcript levels, 

namely HERV K pro (p<0.05), HERV K 107(p<0.05), HERV K gag (p<0.05) and HERV 

K env (p<0.05; Figure 6.2). Likewise, LINE-1 transcript level was upregulated, showing 

a significant change (p<0.05). The mRNA levels for the remaining TEs were detected 

with no significant alteration. In SW480, the depletion of TEX19 transcript substantially 

elevated the mRNA levels of most TEs, namely HERV K 107 (p<0.001), HERV K 10 

(p<0.001), HERV K pro (p<0.001), HERV K pol (p<0.001) and HERV K env (p<0.001; 

Figure 6.3). Likewise, both LINE-1 and SINE transcript levels showed significant 

upregulation (p<0.001 and p<0.001, respectively). Interestingly, HERV K 107 was a 

common TE found with the similar alteration (upregulation) in all examined cancer 

cells. Correspondingly, in the H460 and SW480 cancer cell lines, two common HERVs 

were found to be upregulated, namely HERV K pro and HERV K env. Moreover, the 

retrotransposon LINE-1 also found to be elevated in both cancer cell lines (Figure 6.8).  
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Figure 6-1 RT-qPCR analysis of TEs mRNA levels following TEX19 transcript depletion 

in NTERA2.  

The bar chart demonstrates the alteration in mRNA levels of various TEs in NTERA2 after 

TEX19 transcript knockdown. LINE-1 and SINE belong to the non-LTR retrotransposon group, 

while the other TEs belong to the LTR retrotransposons group (HERVs). Asterisks above the 

bars indicate the p-value (*: p<0.05; ****: p<0.0001). TUBA1C and GAPDH were used for 

data normalisation. The error bars show the standard errors of the mean. 
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Figure 6-2 RT-qPCR analysis of TEs mRNA levels following TEX19 transcript depletion 

in H460.  

The bar chart demonstrates the alteration in mRNA levels of various TEs in H460 after TEX19 

transcript knockdown. LINE-1 and SINE belong to the non-LTR retrotransposons group, and 

the other TEs belong to the LTR retrotransposon group (HERVs). Asterisks above the bars 

indicate the p-value (*: p<0.05; ***: p<0.001). TUBA1C and GAPDH were used for data 

normalisation. The error bars show the standard errors of the mean. 
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Figure 6-3 RT-qPCR analysis of TEs mRNA levels following TEX19 transcript depletion 

in SW480.  

The bar chart demonstrates the alteration in mRNA levels of various TEs in SW480 after 

TEX19 knockdown. LINE-1 and SINE belong to the non-LTR retrotransposons group, and the 

other TEs belong to the LTR retrotransposon group (HERVs). Asterisks above the bars indicate 

the p-value (***: p<0.001, ****: p<0.0001). TUBA1C and GAPDH were used for data 

normalisation. The error bars show the standard errors of the mean. 
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6.2.2 TEX19 regulates transposable elements in human embryonic 

stem cells (hESCs) 

 
TEX19 mRNA level was reduced in distinct hES cell lines SHEF6, H9, H7S14 (normal 

karyotype) and H7S6 (abnormal karyotype, specified in Chapter 5) using TEX19 

siRNA#7. All hES cell lines showed a significant reduction in TEX19 transcript except 

for H7S14, which showed a limited reduction; this was illustrated in Chapter 5. As the 

reduction of the TEX19 mRNA level resulted in significant alteration for multiple TEs 

transcript levels in distinct cancer cell lines, this motivated the investigation of whether 

TEX19 expression is required to control TEs in hESCs. To inspect the association of 

TEX19 with TEs in hESCs, RT-qPCR was carried out to determine the TE mRNA level 

alterations in SHEF6, H9, H7S14 and H7S6 following TEX19 transcript knockdown. 

Different groups of TEs were examined, including non-LTR retrotransposons (LINE-1 

and SINE) and LTR retrotransposon (HERVs). Moreover, multiple TEs belonging to 

the HERV group were employed, namely HERV K pro, HERV K 107, HERV K 10, 

HERV K HML2 rec, HERV K env, HERV K pol and the HERV K gag. The analysed 

results via RT-qPCR showed different alterations in the TE mRNA level according to 

each hES cell line (Figures 6.4-6.7).  

 

The depletion of TEX19 transcript in SHEF6 resulted in significant increases in HERV 

transcript levels, including those of HERV K pro (p<0.05) and HERV K env (p<0.05), 

while the transcript level of HERV K HML2 rec was reduced (p<0.05). The other 

HERVs were not affected, and they showed no significant alteration. Both LINE-1 and 

SINE transcript levels found to be upregulated (p<0.01 and p<0.05, respectively; Figure 

6.4). In H9, the reducing of TEX19 transcript reduced the mRNAs of HERV K pro 

(p<0.05) and HERV K pol (p<0.01). The other HERVs were detected with no significant 

change in their mRNAs. LINE-1 and SINE transcript levels were downregulated 

(p<0.05 and p<0.05, respectively; Figure 6.5). In H7S14, the limited reduction in the 

TEX19 mRNA level significantly decreased HERV K pro transcript level (p<0.01). 

More interestingly, the reduction in TEX19 transcript activated HERV K env expression 

(p<0.0001). No significant alteration was observed for the other HERVs. Moreover, 

LINE-1 and SINE transcript levels were found to be downregulated (p<0.001 and 

p<0.01, respectively; Figure 6.6). In the adapted hES cell line (H7S6), TEX19 mRNA 

knockdown downregulated HERV K gag (p<0.05) and HERV K HML2 rec (p<0.05). 
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Remarkably, the reduction in the TEX19 transcript level activated HERV K env 

expression (p<0.0001). No significant change was detected for the other HERVs. 

Moreover, LINE-1 and SINE mRNAs exhibited significant downregulation (p<0.001 

and p<0.001, respectively; Figure 6.7). No common TE was found to exhibit similar 

alteration among the examined hESC lines, but both LINE-1 and SINE were found to 

exhibit significant downregulation in three hES cell lines (H9, H7S14 and H7S6; Figure 

6.8).  

 

 
Figure 6-4 RT-qPCR analysis of TEs mRNA levels following TEX19 transcript depletion 

in SHEF6.  

The bar chart demonstrates the alteration in mRNA levels of various TEs in SHEF6 after 

TEX19 transcript knockdown. LINE-1 and SINE belong to the non-LTR retrotransposons group, 

and the other TEs belong to the LTR retrotransposon group (HERVs). Asterisks above the bars 

indicate the p-value (*: p<0.05; **: p<0.01). YWHAZ and Actin were used for data 

normalisation. The error bars show the standard errors of the mean. 
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Figure 6-5 RT-qPCR analysis of TEs mRNA levels following TEX19 transcript depletion 

in H9.  

The bar chart demonstrates the alteration in mRNA levels of various TEs in H9 after TEX19 

transcript knockdown. LINE-1 and SINE belong to the non-LTR retrotransposons group, and 

the other TEs belong to the LTR retrotransposon group (HERVs). Asterisks above the bars 

indicate the p-value (*: p<0.05; **: p<0.01). YWHAZ and Actin were used for data 

normalisation. The error bars show the standard errors of the mean. 
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Figure 6-6 RT-qPCR analysis of TEs mRNA levels following TEX19 transcript depletion 

in H7S14.  

The bar chart demonstrates the alteration in mRNA levels of various TEs in H7S14 after TEX19 

transcript knockdown. LINE-1 and SINE belong to the non-LTR retrotransposons group, and 

the other TEs belong to the LTR retrotransposon group (HERVs). Asterisks above the bars 

indicate the p-value (**: p<0.01, ***: p<0.001; ****: p<0.0001). YWHAZ and Actin were used 

for data normalisation. The error bars show the standard errors of the mean. 
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Figure 6-7 RT-qPCR analysis of TEs mRNA levels following TEX19 transcript depletion 

in H7S6.  

The bar chart demonstrates the alteration in mRNA level of various TEs in H7S6 after TEX19 

transcript knockdown. LINE-1 and SINE belong to the non-LTR retrotransposons group, and 

the other TEs belong to the LTR retrotransposon group (HERVs). Asterisks above the bars 

indicate the p-value (*: p<0.05, ***: p<0.001; ****: p<0.0001). YWHAZ and Actin were used 

for data normalisation. The Y-axis is linear. The error bars show the standard errors of the mean. 
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Figure 6-8 A summary of TEs expression following TEX19 transcript depletion in 

human cancer cell lines and hES cell lines. 

The grid plot illustrates the comparison of differentially expressed TEs following TEX19 

depletion. Results are obtained from RT-qPCR analysis. LINE-1 and SINE belong to the non-

LTR retrotransposons group, and the other TEs belong to the LTR retrotransposon group 

(HERVs).  
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6.3 Discussion 

Deletion of murine Tex19.1 has been reported to alter expression levels of TEs in the 

testis and placenta, suggesting that it has an important function in controlling TEs 

(Öllinger et al., 2008; Reichmann et al., 2013). Despite the growing evidence that 

TEX19 is linked to TEs, no previous study has investigated this issue in human cells. In 

this study, a screening analysis of TEs was performed for a range of TEs belonging to 

the HERVs and non-LTR (LINE-1 and SINE) groups in distinct cancer cells and hESCs. 

The depletion of TEX19 transcript upregulated the mRNA levels of multiple TEs in 

cancer cell lines H460 and SW480. Remarkably, a specific HERV K 107 was found to 

be a common TE upregulated in all examined cancer cells (NTERA2, H460 and 

SW480). These key findings reveal a strong link between TEX19 function and control 

of TEs. Öllinger and his co-workers (2008) demonstrated that the deletion of Tex19.1 

increased a specific ERV MMERVK10C transcript level in mice. The analysis in this 

present study has achieved a similar result for human cells, where TEX19 transcript 

depletion enhanced the mRNA level of numerous HERVs in cancer cell lines (H460, 

SW480); the findings indicate that TEX19 might be required to control HERV 

expression. Moreover, in this study, the elevation level of HERV K 107 transcript in all 

cancer cells suggested that its function most likely involves interaction with TEX19 

expression. Likewise, the LINE-1 transcript level was upregulated in distinct human 

cells, which is consistent with Reichmann and his colleagues (2013) report that murine 

Tex19.1 knockout in the placenta elevates LINE-1 expression.  

Piwi genes express in germ lineage cells and play a key part in repression of 

retrotransposons in the mammalian germline (Aravin et al., 2007; Lim et al., 2014). 

Correspondingly, the silencing of Piwil1 has been found to repress TEs in the male 

Drosophila germline (Kalmykova et al., 2005). Based on the SW480 RNA sequence 

data and RT-qPCR analysis (see Chapter 4), human PIWIL1 was found to be 

particularly upregulated in SW480 and H460 after TEX19 transcript knockdown. In 

addition, in these cancer cell lines, screening analysis showed upregulation for most 

TEs. This suggests that TEX19 may control TEs either through its depletion influence 

or upregulation of the PIWI transcripts, PIWIL1 in particular. However, it is not yet 

clear whether there is a direct fundamental association between TEX19 depletion and 

regulation of the TE mechanism. More importantly, TE activation has been linked with 



 

171 

 

triggering oncogenic pathways, resulting in the development of different cancer types 

in humans; this elucidates an important etiological factor in oncogenesis (Solyom et al., 

2012; Chénais, 2013; Shukla et al., 2013; Paterson et al., 2015). This opens the 

possibility that TEX19 causes carcinogenesis in human tissues through the 

dysregulation of TE expression.  

  

The expression of TEs has been documented in various stages during embryonic 

development in mammals. However, the function of TE expression remains unclear in 

species-specific ESCs (Hutchins & Pei, 2015). Screening analysis of TEs following 

TEX19 transcript depletion in distinct hES cell lines (SHEF6, H9, H7S14, H7S6) 

revealed changes in the mRNA level of multiple TEs, either through upregulation 

(SHEF6) or downregulation (H9, H7S14, H7S6). This alteration has two possible 

sources, namely the influence of TEX19 or the effect of NANOG. In Chapter 5, TEX19 

transcript knockdown resulted in NANOG mRNA level upregulation in SHEF6 but 

NANOG transcript downregulation for the other hES cell lines. However, this 

observation opens another view that TEX19 could mediate TE regulation by 

influencing the stem cell markers, particularly NANOG. More importantly, TEX19 

mRNA reduction was found to alter the non-LTR retrotransposon group (SINE and 

LINE-1) in all tested hES cell lines, suggesting that it is required to maintain this 

group’s expression. Remarkably, the depletion of TEX19 transcript activated a specific 

HERV, namely HERV K env, in H7S14 and H7S6 indicating that hESCs may require 

TEX19 for the repression/deactivation of retrotransposons (HERVs). Correspondingly, 

the activation HERVs and dysregulation of TEs in pluripotent stem cells and germ cells 

has been posited to contribute to tumorigenesis and the development of a number of 

human genetic diseases (Bronson et al., 1984; Chen et al., 2005a; Galli et al., 2005). 

 

In closing, different studies have reported that the alteration of TEs can change the 

genome sequences, resulting in the development of cancer and genetic disorders. 

Research focussing on these elements can be exceptionally valuable, as they are 

potential tumour biomarkers, and a deep understanding of their activation/repression 

may open new prospects for emerging clinical applications. The outcomes in this work 

elucidated a potential function for TEX19 in terms of controlling TEs either in cancer 

cells or in hESCs. Further studies are needed to explain the mysteries behind the 

dysregulation of TEs and the mechanism responsible for these elements. Another 
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important avenue of investigation whether the restricted TEX19 expression in the testis 

and pluripotent stem cells aims to control TEs expression.                
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Chapter 7  

Summary and general discussion  
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7. Summary and general discussion  

Cancer is a leading cause of death worldwide, threatening the lives of many people; as 

a result, it is crucial to find a definitive treatment for this disease (Ferlay et al., 2015). 

Different biomarkers have been discovered that play key roles in detecting cancer and 

developing clinical applications (Joshi et al., 2016). CTA genes are tumour antigens 

with a potential function as cancer biomarkers/drug targets due to their exceptional 

expression, which is largely restricted to testis/germ tissues, and their production in 

different cancer types (Whitehurst, 2014). TEX19 is a human-specific gene that was 

identified as a CTA gene in 2012 via conventional RT-PCR (Feichtinger et al., 2012), 

recently, this identification has been verified by Zhong and his co-workers (2016). In 

the current study, screening for this gene was advanced using different approaches, 

namely RT-PCR, RT-qPCR, WB and IHC to address whether TEX19 expression is 

cancer specific. In line with this, our study confirmed that TEX19 expression in the 

testis and numerous cancer cells supporting the definition of TEX19 as a CTA gene. 

Correspondingly, murine Tex19.1 expression was detected in mESCs (Kuntz et al., 

2008). Our study investigated the expression of TEX19 in hESCs, reprogrammed iPSCs 

and cancer stem-like cells, and the findings showed its positive presence. Taking all 

these results together, we can suggest that TEX19 has a potential function in cancer and 

stem cells. 

In a previous study, Kuntz and his colleagues elucidated the presence of murine 

Tex19.1 in the nucleus (Kuntz et al., 2008). Tex19.1 has also been detected in the 

cytoplasm during spermatogenesis (Öllinger et al., 2008). A recent study reported that 

human TEX19 is present as a cytoplasmic protein in Sertoli cells (Zhong et al., 2016). 

In line with this, our study showed that the cellular localisation of TEX19 involved dual 

localisation, as the TEX19 protein was detected in both the cytoplasm and the nucleus. 

This finding supports previous work showing that TEX19 does not have a specific 

cellular localisation and suggesting that it may act as a dynamic protein.  

 

Several studies have linked the function of CTA genes to the promotion of proliferation 

in different cancer cells, such as breast cancer and melanoma cells (Lajmi et al., 2015; 

Maxfield et al., 2015; Wang et al., 2016b). Our study demonstrated that TEX19 is 
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required for cancer cells, where its depletion drops the cell count and significantly 

reduces the self-renewal of cancer stem-like cells and cancer cells; this suggests a 

potential function for TEX19 to act as an oncogenic driver. Hence, this intrinsic feature 

could make TEX19 a candidate therapeutic target for different cancer types. 

  

TEX19 mRNA depletion in distinct cancer cells altered the transcript levels of multiple 

genes. Remarkably, a specific gene, GPR137B, was found to be substantially 

downregulated in two different cancer cell lines. In previous studies, the GPR137B gene 

was reported to promote cancer cell proliferation, and depletion of its expression 

inhibited cell proliferation in multiple cancer types (Zhang et al., 2014; Zong et al., 

2014; Cui et al., 2015). Therefore, TEX19 depletion may contribute to reduce the 

proliferation in those cancer cells by reducing GPR137B transcript level. Furthermore, 

TEX19 transcript depletion influenced the mRNAs of genes required for maintaining 

spermatogenesis, namely PIWIL1 and SEPT12, indicating a possible role for TEX19 

that is linked to the spermatogenesis process. Moreover, our analysis demonstrated that 

human PIWI orthologues (PIWIL1-4) require TEX19 to control their expression, 

suggesting a potential function for TEX19 in maintaining the PIWI pathway. Hence, 

TEX19 is a candidate transcription factor gene, but more investigations are required to 

determine whether it plays a definitive role in transcriptional regulation.  

 

The function of CTA genes has been associated with stemness, and these genes are 

expressed in pluripotent stem cells (Costa et al., 2007; Yang et al., 2015). Our results 

demonstrated that human TEX19 was significantly expressed in all examined hES cell 

lines, supporting the idea that CTA genes are linked to stemness. The transcription 

factor genes OCT4, NANOG and SOX2 are essential to maintain the stemness features 

and self-renewal in hESCs, and their depletion leads to the loss of stemness 

characteristics (Singh et al., 2016). Our results demonstrated that the depletion of 

TEX19 transcripts in hES cell lines resulted in altered mRNA levels of the pluripotent 

markers OCT4 and NANOG, while the transcript level of SOX2 did not change; this 

suggests a possible role of TEX19 in the regulation of stem cell markers. Furthermore, 

the depletion of TEX19 influenced the mRNAs of human PIWI orthologues (PIWIL2 

and PIWIL4) in hESCs; to some extent, this confirms the results obtained in cancer cell 

lines, where TEX19 might be required to control the expression of PIWI transcripts. 
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In a previous study, murine Tex19.1 expression was found to decline in parallel with 

Oct4 when mESCs undergo differentiation, suggesting its function as a pluripotent 

marker (Kuntz et al., 2008). Our analysis showed a non-stable TEX19 transcript levels 

in hES cell lines undergoing the differentiation process. The differentiation of the H7S6 

hES cell line and NTERA2 (Stem cell model) showed a reduction in TEX19 levels upon 

the decline/ceasing of OCT4 mRNA. Taking these results together, we can suggest that 

TEX19 could be linked to OCT4 and that it may be required for pluripotency.  

  

It has been previously reported that Tex19.1 regulates TEs in mice (Öllinger et al., 2008; 

Reichmann et al., 2013). In line with previous studies, our analysis demonstrated 

alteration in TE transcript levels in cancer cell lines and hES cell lines, providing 

evidence that TEX19 can act as a TE regulator. A specific HERV K 107 was found to 

be a common element upregulated in all tested cancer cell lines, indicating a possible 

interface function with TEX19. In hESCs, our study demonstrated that NANOG 

expression is linked to the upregulation/downregulation of TE transcript levels 

following TEX19 transcript reduction, indicating the possibility that TEX19 could alter 

TEs through its influence on pluripotent markers. More interestingly, our data 

demonstrated the TEX19’s ability to activate a specific HERV K ENV expression in two 

hES cell lines, indicating a potential influence whereby hESCs need TEX19 to suppress 

HERV expression. However, further exterminations are necessary to conclusively 

determine whether TEX19 regulate TEs directly or by influencing other involved genes.  

 

In closing, we believe TEX19 could prove valuable in developing clinical applications 

due to its cancer-associated properties and its emergence as an anti-cancer therapeutic 

target. Moreover, our findings in the present study suggest that TEX19 may have a 

pivotal role in pluripotent stem cells, as well. Taken together, these characteristics 

indicate that TEX19 is a gene worthy of further pursuit in human cancer cells and stem 

cells.  
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