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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. 

 
 



 

v 
 

Acknowledgments 

I am thrilled to have had the opportunity to complete this work. I am extremely grateful 

to Allah for giving me the power and patience to reach this stage. On this occasion, I 

offer my especial thanks to Dr Ramsay McFarlane for his supervision, tremendous 

assistance and unwavering support. In addition, I am thankful to Dr Jane Wakeman for 

sharing her experience and acting as my co-supervisor. I would also like to express my 

appreciation for the efforts of Mr Jason S. Williams and Dr John Sammut in sectioning 

FFPE tissue and carrying out assessments in the IHC experiments. Thanks and gratitude 

are extended to Dr Ellen Vernon, Dr Jana Jezkova and Dr Vicente Planells-Palop for 

their usual assist during my Ph.D. journey. I am grateful to all members of the 

McFarlane laboratory in the Medical School, past and present, for the time we spent 

working together as a team. I would like to thank the stem cell centre members at 

Sheffield University, namely Professor Peter W. Andrews and Dr Paul J. Gokhale, for 

their generous guesting and cooperation, as well as Dr Mark Jones for assisting with 

the FACS work. I would also like to thank Dr Lee Parry at the European Cancer Stem 

Cell Research Institute, Cardiff University. In addition, I deeply appreciate the support 

provided by Dr Hind Al Humaidan, who gave me the opportunity to practice the clinical 

applications of stem cells therapy at King Faisal Specialist Hospital in Riyadh. I would 

also like to extend my deepest thanks to the Department of Education Affairs at the 

Security Forces Hospital in Riyadh for offering me this prestigious scholarship and for 

their constant encouragement. Thanks to my close friend, Dr Faisal Alzahrani, for 

always being ready with encouraging words. Finally, at this moment, I cannot forget to 

express my huge gratitude to my family and my lovely daughter, Rawan, for standing 

together and supporting me in my steps towards excellence. 

Thank you all 

Ali Hazazi 

 

 

 

 

 







 

viii 
 

FBS Foetal bovine serum 

GAPDH Glyceraldehyde 3-phosphate dehydrogenase 

HBV Hepatitis B virus 

HCC Hepatocellular carcinoma 

HERVs Human endogenous retrovirus 

hESCs human embryonic stem cells 

HMBA Hexamethylene bisacetamide 

HSCs Haematopoietic stem cells 

HSCT hematopoietic stem cell transplantation 

IF Immunofluorescence 

IHC Immunohistochemistry 

iPSCs Induced pluripotent stem cells 

KDa Kilodalton 

MEFs Mouse embryonic fibroblasts  

mESCs Mouse embryonic stem cells  

mL Milliliter 

mM Millimolar 

mRNA Messenger RNA 

MSCs Mesenchymal stem cells 

ng Nanogram 

NAT Normal adjacent tissues 

NEAA Non-Essential Amino Acids Solution 

Oct4 Octamer-binding transcription factor 4 

PCR Polymerase chain reaction 

PIWI P-element induced wimpy testis genes 

PIWIL PIWI-like RNA-mediated gene silencing 

pmol Picomole 

PSA Prostate-specific antigen 

PVDF Polyvinylidene difluoride 

RNA Ribonucleic acid 

RT-PCR Reverse transcription-polymerase chain reaction 

RT-qPCR Quantitative, real time-polymerase chain reaction 

SDS-PAGE Sodium dodecyl Sulphate-polyacrylamide gel electrophoresis 





 

x 
 

List of Contents 

 
Declaration and Consent ................................................................................................. i 

Abstract ......................................................................................................................... iv 

Acknowledgments.......................................................................................................... v 

Dedication ..................................................................................................................... vi 

Abbreviation ................................................................................................................ vii 

List of Contents .............................................................................................................. x 

List of Figures ............................................................................................................. xvi 

List of Tables ............................................................................................................... xx 

1. Introduction ............................................................................................................ 2 

1.1 The nature of cancer in humans ...................................................................... 2 

1.1.1 A general overview .................................................................................. 2 

1.1.2 Causes and types of cancer ...................................................................... 3 

1.1.3 Biomarkers in cancer ............................................................................... 5 

1.1.4 Hallmarks of tumorigenesis development ............................................... 6 

1.2 Influence of genomic stability on cancer ........................................................ 9 

1.2.1 Tumour suppressor genes in tumorigenesis ............................................. 9 

1.2.2 Oncogenes and cancer initiation ............................................................ 10 

1.2.3 Genome stability genes .......................................................................... 11 

1.3 Tumour-associated antigens (TAAs) ............................................................ 11 

1.3.1 Cancer testis antigen genes .................................................................... 12 

1.3.2 CTA gene classification ......................................................................... 13 

1.3.3 CTA gene functions ............................................................................... 14 

1.3.4 CTA gene expression ............................................................................. 15 

1.3.5 The clinical applications of CTAs ......................................................... 16 

1.3.5.1 CTA genes as potential diagnostic biomarkers ........................................... 16 



 

xi 
 

1.3.5.2 CTA genes in immunotherapy ..................................................................... 16 

1.3.5.2.1 The role of CTA genes in active immunotherapy ................................. 17 

1.3.5.2.2 The role of CTA genes in passive immunotherapy ............................... 18 

1.4 Pluripotent stem cells and cancer development ............................................ 20 

1.4.1 Stem cells overview ............................................................................... 20 

1.4.2 Stem cells classification and characteristics .......................................... 20 

1.4.3 Embryonic stem cells ............................................................................. 21 

1.4.4 Adult stem cells...................................................................................... 22 

1.4.4.1 Haematopoietic stem cells ........................................................................... 23 

1.4.4.2 Mesenchymal stem cells (MSCs) ................................................................ 24 

1.4.5 Induced pluripotent stem cells (iPSCs) .................................................. 25 

1.4.6 Stem Cell Transcription Factors and Regulators ................................... 26 

1.4.7 Stability of stem cell transcription factors in human cancer .................. 28 

1.5 Cancer stem cells ........................................................................................... 28 

1.5.1 Cancer stem cells in tumour initiation ................................................... 28 

1.5.2 Cancer stem cells and stem cells ............................................................ 29 

1.5.3 CSCs identification strategy .................................................................. 30 

1.5.4 CSCs and chemotherapy strategy .......................................................... 31 

1.6 Testis expressed 19 (TEX19) ......................................................................... 33 

1.6.1 TEX19 as a marker of pluripotency ....................................................... 33 

1.6.2 TEX19 as a CTA gene and potential cancer biomarker ......................... 36 

1.7 The project aims ............................................................................................ 37 

2. Materials and methods ......................................................................................... 39 

2.1 The origins and sources of human cells ........................................................ 39 

2.2 Growing and culturing human cells .............................................................. 39 

2.3 The process of thawing human cells ............................................................. 41 

2.4 Passaging and maintenance of human cells .................................................. 41 



 

xii 
 

2.5 Human cell cryopreservation ........................................................................ 41 

2.6 Human cell counting ..................................................................................... 42 

2.7 The source and maintenance of human embryonic stem cells ...................... 42 

2.8 The culture of mouse embryonic fibroblasts (MEFs) ................................... 43 

2.8.1 The preparation of MEF cells medium .................................................. 43 

2.8.2 Thawing and plating of MEF cells......................................................... 43 

2.9 The culture of human embryonic stem cells on feeder cells ......................... 43 

2.10 The passage of human embryonic stem cells on feeder cells .................... 44 

2.11 The banking of human embryonic stem cells ............................................ 45 

2.12 The culture of human embryonic stem cells on a feeder-free system ....... 45 

2.13 The passage of human embryonic stem cells on a feeder free system ...... 46 

2.14 NTERA2 differentiation ............................................................................ 46 

2.15 The differentiation of human embryonic stem cells (hESCs) ................... 46 

2.16 The extraction of total RNA from human cells ......................................... 47 

2.17 Total RNA isolation from human embryonic stem cells ........................... 48 

2.18 The synthesis of complementary DNA (cDNA) ....................................... 48 

2.19 Analysis of the polymerase chain reaction (PCR) products and agarose gel 

preparation ............................................................................................................... 49 

2.20 Sequencing PCR products ......................................................................... 51 

2.21 Procedure for the quantitative polymerase chain reaction (RT-qPCR). .... 51 

2.22 Extraction of total protein from human cells ............................................. 56 

2.23 Extraction of total protein from human embryonic stem cells .................. 57 

2.24 Protein concentration assessment .............................................................. 57 

2.25 Western blotting analysis of proteins from human cells ........................... 57 

2.26 Knockdown in human cancer cells by siRNA ........................................... 59 

2.27 Knockdown in human embryonic stem cells by siRNA ............................ 59 

2.28 Immunofluorescence (IF) protocol ............................................................ 60 







 

xv 
 

6.3 Discussion ................................................................................................... 170 

7. Summary and general discussion ....................................................................... 174 

8. References .......................................................................................................... 177 

9. Appendix ............................................................................................................ 208 

 

         



 

xvi 
 

List of Figures  

Figure 1-1 Invasion and metastasis in the human body. ................................................ 4 

Figure 1-2 Original cancer hallmarks. ........................................................................... 7 

Figure 1-3 Additional cancer hallmarks. ....................................................................... 8 

Figure 1-4 Generation of immune response alongside the tumour antigens. .............. 19 

Figure 1-5 The development of embryonic stem cells. ................................................ 21 

Figure 1-6 The mechanism response of cancer stem cells to chemotherapy. .............. 32 

Figure 1-7 Arrangement of the genomic location for Tex19 genes. ............................ 33 

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

in mammals. ................................................................................................................. 35 

Figure 3-1 RT-PCR analysis of the TEX19 gene expression in normal human tissues.

...................................................................................................................................... 68 

Figure 3-2 RT-PCR analysis of TEX19 gene expression in human cancer cells. ........ 69 

Figure 3-3 RT-qPCR analysis of the TEX19 gene expression in normal human tissues.

...................................................................................................................................... 70 

Figure 3-4 RT-qPCR analysis of the TEX19 gene expression in human cancer cells. 71 

Figure 3-5 Western blot analysis of TEX19 protein levels in normal tissues, hESCs 

and distinct cancer cell lines. ....................................................................................... 73 

Figure 3-6 RT-PCR analysis of TEX19 gene expression in hESCs and iPSCs. .......... 75 

Figure 3-7 RT-qPCR analysis of the TEX19 gene expression in hESCs and iPSCs. .. 76 

Figure 3-8 RT-qPCR analysis of the TEX19 transcript levels in untreated NTERA2 

cells. ............................................................................................................................. 78 

Figure 3-9 RT-qPCR analysis of the TEX19 transcript levels in NTERA2 cells treated 

with DMSO. ................................................................................................................. 79 

Figure 3-10 RT-qPCR analysis of the TEX19 transcript levels in NTERA2 cells 

treated with retinoic acid. ............................................................................................. 80 

Figure 3-11 RT-qPCR analysis of the TEX19 transcript levels in NTERA2 cells 

treated with HMBA...................................................................................................... 81 

Figure 3-12 IHC staining of TEX19 protein using rabbit polyclonal antibody (Abcam, 

ab185507) in normal human testis tissue. .................................................................... 83 

Figure 3-13 IHC negative control. ............................................................................... 84 



 

xvii 
 

Figure 3-14 IHC staining of TEX19 protein in normal adjacent tissue (NAT) from 

colon cancer patient #45 using rabbit polyclonal antibody (Abcam, ab185507). ....... 85 

Figure 3-15 IHC staining of TEX19 protein in colon tumour tissue from colon cancer 

patient #45 using rabbit polyclonal antibody (Abcam, ab185507). ............................. 86 

Figure 3-16 IHC staining of TEX19 protein in normal adjacent tissue (NAT) from 

colon cancer patient #35 using rabbit polyclonal antibody (Abcam, ab185507). ....... 87 

Figure 3-17 IHC staining of TEX19 protein in colon tumour tissue from colon cancer 

patient #35 using rabbit polyclonal antibody (Abcam, ab185507). ............................. 88 

Figure 3-18 IHC staining of TEX19 protein in normal adjacent tissue (NAT) from 

colon cancer patient #12 using rabbit polyclonal antibody (Abcam, ab185507). ....... 89 

Figure 3-19 IHC staining of TEX19 protein in colon tumour tissue from colon cancer 

patient #12 using rabbit polyclonal antibody (Abcam, ab185507). ............................. 90 

Figure 3-20 IF staining showing TEX19 protein localisation in NTERA2 cells. ........ 92 

Figure 3-21 IF staining shows TEX19 protein localisation in H460 cells. .................. 93 

Figure 3-22 IF staining shows TEX19 protein localisation in SW480 cells................ 94 

Figure 4-1 Depletion of TEX19 in NTERA2 cells using siRNA#7. .......................... 102 

Figure 4-2 Depletion of TEX19 in H460 cells using siRNA#7. ................................ 103 

Figure 4-3 Depletion of TEX19 in SW480 cells using siRNA#7. ............................. 104 

Figure 4-4 NTERA2 cells transfected with TEX19 siRNA. ...................................... 106 

Figure 4-5 H460 cells transfected with TEX19 siRNA. ............................................. 107 

Figure 4-6 SW480 cells transfected with TEX19 siRNA. .......................................... 108 

Figure 4-7 Effect of TEX19 siRNA transfection on NTERA2 cell self-renewal 

determined by ELDA. ................................................................................................ 110 

Figure 4-8 ELDA assay analysis after TEX19 siRNA transfection in NTERA2 cells.

.................................................................................................................................... 111 

Figure 4-9 Effect of TEX19 siRNA transfection on H460 cell self-renewal determined 

by ELDA. ................................................................................................................... 112 

Figure 4-10 ELDA assay analysis after TEX19 siRNA transfection in H460 cells. .. 113 

Figure 4-11 Effect of TEX19 siRNA transfection on SW480 cell self-renewal 

determined by ELDA. ................................................................................................ 114 

Figure 4-12 ELDA assay analysis after TEX19 siRNA transfection in SW480 cells.

.................................................................................................................................... 115 

Figure 4-13 Genes of interest selected based on RNA sequencing data. ................... 116 



 

xviii 
 

Figure 4-14 RT-qPCR analysis of genes of interest following TEX19 transcript 

depletion in NTERA2 cells. ....................................................................................... 119 

Figure 4-15 RT-qPCR analysis of genes of interest following TEX19 transcript 

depletion in H460 cells. ............................................................................................. 120 

Figure 4-16 RT-qPCR analysis of genes of interest following TEX19 transcript 

depletion in SW480 cells. .......................................................................................... 121 

Figure 4-17 Assessment of expression for genes of interest following TEX19 

depletion. .................................................................................................................... 122 

Figure 4-18 RT-qPCR analysis of mRNA levels of PIWI genes following TEX19 

transcript depletion..................................................................................................... 124 

Figure 5-1 RT-PCR analysis of TEX19 gene expression in hES cell lines. ............... 133 

Figure 5-2 RT-qPCR analysis of the TEX19 gene expression in distinct hES cell lines.

.................................................................................................................................... 134 

Figure 5-3 FACS analysis of cell surface makers in SHEF6. .................................... 135 

Figure 5-4 Depletion of TEX19 transcript in the hES cell lines. ............................... 137 

Figure 5-5 RT-qPCR analysis of stem cell marker gene mRNAs following TEX19 

mRNA depletion in SHEF6. ...................................................................................... 139 

Figure 5-6 RT-qPCR analysis of stem cell marker gene mRNAs following TEX19 

mRNA depletion in H9. ............................................................................................. 140 

Figure 5-7 RT-qPCR analysis of stem cell marker gene mRNAs following TEX19 

mRNA depletion in H7S14. ....................................................................................... 141 

Figure 5-8 RT-qPCR analysis of stem cell marker gene mRNAs following TEX19 

mRNA depletion in H7S6. ......................................................................................... 142 

Figure 5-9 RT-qPCR analysis of the PIWI genes expression in distinct hES cell lines.

.................................................................................................................................... 144 

Figure 5-10 RT-qPCR analysis of PIWI gene transcripts following TEX19 mRNA 

depletion in hES cell lines.......................................................................................... 145 

Figure 5-11 Human embryonic stem cell morphology. ............................................. 148 

Figure 5-12 RT-qPCR analysis of the TEX19 mRNA levels in SHEF6 treated with 

retinoic acid. ............................................................................................................... 149 

Figure 5-13 RT-qPCR analysis of the TEX19 mRNA levels in H9 treated with retinoic 

acid. ............................................................................................................................ 150 

Figure 5-14 RT-qPCR analysis of the TEX19 mRNA levels in H7S14 treated with 

retinoic acid. ............................................................................................................... 151 



 

xix 
 

Figure 5-15 RT-qPCR analysis of the TEX19 mRNA levels in H7S6 treated with 

retinoic acid. ............................................................................................................... 152 

Figure 6-1 RT-qPCR analysis of TEs mRNA levels following TEX19 transcript 

depletion in NTERA2. ............................................................................................... 161 

Figure 6-2 RT-qPCR analysis of TEs mRNA levels following TEX19 transcript 

depletion in H460. ...................................................................................................... 162 

Figure 6-3 RT-qPCR analysis of TEs mRNA levels following TEX19 transcript 

depletion in SW480.................................................................................................... 163 

Figure 6-4 RT-qPCR analysis of TEs mRNA levels following TEX19 transcript 

depletion in SHEF6. ................................................................................................... 165 

Figure 6-5 RT-qPCR analysis of TEs mRNA levels following TEX19 transcript 

depletion in H9. .......................................................................................................... 166 

Figure 6-6 RT-qPCR analysis of TEs mRNA levels following TEX19 transcript 

depletion in H7S14. ................................................................................................... 167 

Figure 6-7 RT-qPCR analysis of TEs mRNA levels following TEX19 transcript 

depletion in H7S6. ..................................................................................................... 168 

Figure 6-8 A summary of TEs expression following TEX19 transcript depletion in 

human cancer cell lines and hES cell lines. ............................................................... 169 

  



 

xx 
 

List of Tables  

Table 2-1 The culture conditions for human cancer cells used in this study ............... 40 

Table 2-2 Components of the medium used to culture the hESCs on feeder cells ...... 44 

Table 2-3 Differentiation inducers and media with the preparation conditions .......... 47 

Table 2-4 The sequences for the designed RT-PCR primers and the expected product 

size ............................................................................................................................... 50 

Table 2-5 The designed sequences used for RT-qPCR primers in this study .............. 52 

Table 2-6 Commercial RT-qPCR primers used in this study ...................................... 55 

Table 2-7 The sources of human normal lysates analysed by western blotting........... 56 

Table 2-8 The primary antibodies and optimal concentrations for the western blot 

analyses ........................................................................................................................ 58 

Table 2-9 Secondary antibodies and the optimal concentration for the western blot 

analyses ........................................................................................................................ 59 

Table 2-10 The target sequences of siRNA used for knockdown of human TEX19 

gene .............................................................................................................................. 60 

Table 2-11 Primary antibodies and the optimal concentrations for 

immunofluorescence assays. ........................................................................................ 61 

Table 2-12 Secondary antibodies and the optimal concentrations for 

immunofluorescence assays. ........................................................................................ 62 

Table 2-13 patient information and tumour staging .................................................... 63 

 



1 
 

 

   

Chapter1 
Introduction 





http://coloncancer.about.com/od/glossaries/g/Metastases.htm






 

6 
 

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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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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(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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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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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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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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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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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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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).  
































































































































































































































































































































































