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ABSTRACT 

Colorectal cancer (CRC) is one of the most prevalent malignant cancers worldwide. 

Altered metabolic pathways are considered as a distinct property of cancer and in CRC 

the purine metabolism pathway has been shown to be one of the most affected pathway. 

Equilibrative nucleoside transporter 2 (ENT2) is a bidirectional transporter that 

mediates the uptake of purine and pyrimidine nucleosides and nucleobases, particularly; 

hypoxanthine. Although the purine metabolism pathway is the most impacted in CRC, 

not much is known on ENT2 role in CRC development and its association with altered 

purine metabolism pathway. Therefore, this study is aimed to determine the role of 

ENT2 in altered purine metabolism in the early and late stages of CRC by employing 

the CRISPR/Cas9 gene-editing tool to generate CRC cell lines with ENT2 knockout. 

The mRNA expression of ENT2 was determined by qRT-PCR in a panel of CRC cell 

lines (SW1116, SW480, HT29, DLD1, HCT15 and HCT116), representing the four 

stages of CRC and compared with the normal colon cell line; CCD-841CoN. ENT2 

expression was significantly higher (p<0.05) in all CRC stages cell lines. Two CRC cell 

lines (HT29 representing early stages and DLD1 representing late stages) with the high 

expression of ENT2 were subjected to CRISPR/Cas9 knockout. Single cell-derived 

clones were screened using western blot and confirmed with Sanger sequencing. Two 

clones of the HT29 were expressed both partial and complete ENT2 knockout, whereas 

one clone of the DLD1 expressed almost complete ENT2 knockout. The ENT2 

knockout (ENT2/KO) cells were tested on multiple functional assays, including cell 

proliferation, apoptosis pathway, substrates and enzyme levels related to the purine 

catabolism pathway and determination of ROS level. The results of this study indicated 

that CRC cell proliferation was lowered in both HT29/KO and DLD1/KO clones with 

a significant decrease in cell viability and colony formation in HT29/KO clones 

compared to the non-targeting control (NTC); p=0.011 and p=0.001, respectively. For 

the apoptosis pathway, mitochondrial membrane potential was significantly lower in 

HT29/KO clones than the NTC (p=0.001) however, there was no change in DLD1/KO 

clone compared to the NTC. Moreover, P53, BAK genes were upregulated in HT29/KO 

and DLD1/KO clones with significant upregulation of Caspase-3 and Caspase-9 while 

Bcl-2 was downregulated in HT29/KO compared to the NTC, p=0.001. Hypoxanthine 

level and xanthine oxidase activity were significantly higher in HT29/KO; p=0.001, 

p=0.022 and DLD1/KO; p=0.01 and p=0.026, respectively, as compared to their 

respective NTC. The generation of ROS was higher in HT29/KO and DLD1/KO clones, 

with a significant increase in HT29/KO clones, p=0.001. Collectively, our findings 

demonstrated that ENT2/KO induced apoptosis as a consequence of ROS induction due 

to the increment of hypoxanthine and xanthine oxidase levels in both early and late 

stages of CRC with more effectiveness in the early stages. In this regard, targeting the 

ENT2 gene might be a novel CRC treatment strategy by increasing the ROS production 

via promoting the rate of purine catabolism pathway and key to predicting the possible 

success of improving the sensitivity to chemotherapies drugs to treat the CRC patients 

in personalized medicine. 



v 
 

ACKNOWLEDGEMENT 

All the praise to Allah Who said; "We raise the degrees of whomsoever We please, and 

above every possessed of knowledge is the All-knowing one" (Yusuf, 12:76). All the praise 

to Allah the Almighty for giving me the strength and courage to reach this stage. With 

His blessing, this thesis is finally completed.  

I would like to take this opportunity to convey my deepest gratitude to my main 

supervisor, Assoc. Prof. Dr Sharaniza Ab-Rahim, and my co-supervisors, Dr Amirah 

Abdul Rahman and Prof. Dr Musalmah Mazlan for their constructive comments, 

valuable advices and constant support throughout my PhD journey. With your great 

efforts and understanding, my PhD is a dream come true.  

My sincere gratitude to Dr Saiful Effendi Syafruddin for providing his heartfelt support, 

invaluable teaching and guidance on learning the CRISPR/Cas9 technology, to be a 

well-trained researcher in this field of molecular biology. My sincere appreciation to Dr 

Aiman Mohtar for his guidance and insightful suggestions. 

I would like to express my sincere thanks to my friend, Asmaa Y. Abuhamad, who 

helped me without asking and whenever I need help she always lend me a hand. Thank 

you so much for being one of the greatest supports during my PhD journey. I would 

also like to extend my sincere thanks to my friends, Farhana, Zulaika, Suhana, Hala, 

Rasha, all postgraduate colleagues and PhD support group (TIE2) for their constant 

motivation and support during my PhD journey.  

My sincere appreciation to the Institute of Medical Molecular Biotechnology (IMMB) 

lab management and administration staff who have directly or indirectly assisted me 

with my research study. Also, I will never forget to thank UKM Medical Molecular 

Biology Institute (UMBI) for allowing me to use their lab facilities to perform my study.  

There are no words could describe my deepest thanks to my beloved parents, my father; 

Mahmoud Naes, and my mother; Sohila Naes, for their prayers, hopes and continuous 

support throughout my study. Also, I am really thankful to my siblings for their support, 

love, care and constant motivation from time to time which keeps me driven to complete 

my PhD project successfully. 

Last and foremost, I am forever indebted to my beloved family, my husband Dr Ammar 

Bathich, for his enormous assistance, tremendous and endless support, and my lovely 

children; Shahd, Shefaa and Abdulrazzak. Thank you for your patience and bearing 

when I drifted towards my PhD study where a lot of time was spent thinking and doing 

experiments in the laboratory. Your prayers, motivational words and wishes were the 

most supportive and beautiful memories during this journey.   

“Say, " In the grace of Allah and His mercy - in that they should rejoice” (Yunus, 10:58) 

Alhamdulillah. 



vi 
 

 

TABLE OF CONTENTS 

 

 

 

 

 

 

 

 

 

 

 

 Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

AUTHOR’S DECLARATION iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

TABLE OF CONTENTS vi 

LIST OF TABLES xii 

LIST OF FIGURES 

 

 

xiii 

LIST OF ABBREVIATIONS xvii 

  

CHAPTER ONE: INTRODUCTION 1 

1.1        Research Background 1 

1.2  Problem Statement 3 

1.3  Hypothesis 4 

1.4  Objectives 4 

1.5  Significance of Study 5 

1.6  Scope of the study 5 

  

CHAPTER TWO: LITERATURE REVIEW 6 

2.1        Colorectal Cancer 6 

             2.1.1      Epidemiology 7 

             2.1.2      Risk Factors 9 

             2.1.3      Aetiology 9 

                           2.1.3.1        Sporadic  10 

                           2.1.3.2        Hereditary 11 



vii 
 

                           2.1.3.3        Familial 11 

             2.1.4      Molecular Pathology of Colorectal Cancer 12 

             2.1.5      CRC Diagnosis and Screening 14 

             2.1.6      CRC Stages 15 

             2.1.7      Molecular Pathology of Colorectal Cancer  17 

2.2        Equilibrative Nucleoside Transporters (ENTs) 18 

             2.2.2       Equilibrative Nucleoside Transporter 1 (ENT1) 19 

             2.2.2      Equilibrative Nucleoside Transporter 2 (ENT2) 19 

             2.2.3      ENT2 Localization and Expression 21 

             2.2.4      ENT2 Expression in CRC 22 

             2.2.5      ENT2 Physiological Roles 22 

2.3       Purines 24 

            2.3.1       Purine Metabolism 25 

            2.3.2       Altered Purine Metabolism 28 

            2.3.3       Purine Catabolic Pathway 29 

            2.3.4       ROS Generation Through Purine Catabolism Pathway 31 

            2.3.5       ROS and Apoptosis Induction 34 

2.4        Gene Editing Technique Utilised in This Study 34 

  

CHAPTER THREE: RESEARCH METHODOLOGY 37 

3.1        Research Design 37 

3.2        Place of Study 38 

3.3        Materials 39 

3.4        Cell Culture Techniques 39 

             3.4.1      Cell Lines 39 

             3.4.2      Cell Lines Maintenance 40 

             3.4.3      Cells Counting 40 

3.5        ENT2 Gene Expression Analysis 41 

             3.5.1      RNA Extraction 42 




