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ABSTRAK 

Leukemia Myeloid Kronik (CML) adalah malignan hematologi yang didorong oleh gen 

gabungan BCR-ABL1, yang menyebabkan proliferasi sel myeloid yang tidak terkawal. 

Walaupun terdapat kemajuan dalam rawatan, rintangan terhadap perencat tirosin kinase 

(TKI)  masih merupakan cabaran kritikal. Kajian ini menyiasat mekanisme molekul 

mikroRNA (miRNA)  sintetik dalam mengawal proliferasi sel dengan menyasarkan 

kawasan tidak diterjemah 3’ (UTR) gen ABL1 sebagai komponen dalam gen gabungan 

BCR-ABL1. Melalui analisis in-silico menggunakan DIANATOOLS, psRNATarget, 

RNA22, dan TargetRank, tiga calon miRNA telah dikenal pasti, iaitu hsa-miR-3131, 

hsa-miR-891a-3p, dan osa-miR1858a/b. Ketiga-tiga miRNA ini telah dianalisis lanjut 

melalui analisis rangkaian dan laluan menggunakan STRING dan Cytoscape untuk 

meramalkan kesan selular yang lebih luas. Melalui in-vitro, kecekapan transfeksi dan 

interaksi miRNA-mRNA telah dikaji dalam garis sel CML K562-s (sensitif) dan K562-

r (resisten) menggunakan ujian TaqMan dan teknik penarikan turun biotin miRNA. 

Ekspresi gen ABL1 dan BCR-ABL1 selepas transfeksi dinilai melalui qPCR, manakala 

viabiliti sel dan kesan kitaran sel diukur melalui ujian MTS dan sitometri aliran. 

Ekspresi protein ABL1 pula dinilai melalui ujian kolorimetri (ELISA), dan analisis 

mikroarray dilakukan untuk mengenal pasti gen yang diekspresikan secara berbeza 

(DEG) akibat transfeksi miRNA. Keputusan menunjukkan transfeksi yang berkesan, 

dengan osa-miR1858a/b menunjukkan ekspresi tinggi dalam sel k562-r dan hsa-miR-

3131 dalam sel k562-s, mencadangkan kecekapan transfeksi spesifik kepada jenis sel. 

Ujian penarikan turun biotin miRNA mengesahkan interaksi pengikatan antara hsa-

miR-891a-3p dan hsa-miR-miR-3131 dengan mRNA sasaran dalam  k562-r, tetapi tidak 

dalam sel k562-s. Ujian Mann-Whitney menunjukkan bahawa hsa-miR-miR-3131 

menurunkan ekspresi BCR-ABL1 secara signifikan dalam sel k562-s (p<0.05), namun 

tiada penurunan ketara berlaku dalam k562-r. Walau begitu, tiada perubahan ketara 

dalam tahap protein ABL1 selepas transfeksi. Secara fungsinya, daya hidup sel K562-r 

menurun kepada 50.5% ± 1.53, 63.4% ± 0.25 dan 61.3% ± 0.23 apabila ditransfeksi 

dengan osa-miR1858a/b, hsa-miR-3131 dan hsa-miR-891a-3p masing-masing 

berbanding kumpulan kawalan (p<0.05). Daya hidup sel k562-s turut menurun kepada 

84.45% ± 0.673 (hsa-miR-3131), 81.45% ± 0.816 (miR-891a-3p), dan 83.86% ± 0.733 

(osa-miR-1858a) dengan p<0.05 berbanding kumpulan kawalan. Selain itu, osa-

miR1858a/b dan hsa-miR-891a-3p menyebabkan perencatan kitaran sel pada fasa G2/M 

dalam sel k562-r, dengan peratusan masing-masing 6.5% ± 0.9 dan 8.6% ± 1.1, 

berbanding dengan kumpulan kawalan (p< 0.05). Tambahan pula, osa-miR1858a/b 

menyebabkan perencatan kitaran sel pada fasa S dan G2/M dalam sel k562-s, dengan 

59.74% ± 1.34 dan 7.80 ± 0.58 masing-masing, berbanding dengan kawalan (p<0.05). 

Analisis mikroarray tidak menunjukkan (DEGs) yang signifikan antara kumpulan yang 

dirawat dan kawalan namun, gen terpilih yang berkaitan dengan CML telah disahkan 

semula menggunakan qPCR. Osa-miR1858a/b secara signifikan menurunkan IL6 dan 

MAP4K1 dalam sel K562-s dan K562-r. Kedua-dua gen ini terlibat dalam laluan 

berkaitan proliferasi seperti MAPK dan JAK/STAT. Penemuan ini menonjolkan 

keupayaan luar biasa miRNA berasaskan tumbuhan osa-miR1858a/b dalam 

menurunkan kebolehan hidup sel, merencatkan kitaran sel, serta menurunkan 

pengawalan gen utama seperti IL6 dan MAP4K1, sekali gus membuktikan potensi 

pengawalseliaan merentas kerajaan secara in-vitro. Penyelidikan ini memberikan 

pandangan baru tentang potensi terapeutik miRNA sintetik dalam rawatan CML, 
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dengan menekankan peranan unik hsa-miR-3131, hsa-miR-891a-3p dan terutamanya 

osa-miR1858a/b dalam mengganggu isyarat proliferatif penting CML.  
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ABSTRACT 

Chronic myeloid leukaemia (CML) is a hematologic malignancy driven by the BCR-

ABL1 fusion gene, leading to uncontrolled proliferation of myeloid cells. Despite 

advancement in treatment, resistance to tyrosine kinase inhibitors (TKIs) remains a 

critical challenge. This study investigates the molecular mechanisms of synthetic 

microRNAs (miRNAs) in regulating cell proliferation by targeting the 3’ untranslated 

region (UTR) of the ABL1 as the components of the BCR-ABL1 fusion gene. In-silico 

analyses using DIANATOOLS, psRNATarget, RNA22, and TargetRank, identified 

three candidate miRNAs namely, hsa-miR-3131, hsa-miR-891a-3p, and osa-

miR1858a/b. These miRNAs were further explored via network and pathway analyses 

using STRING and Cytoscape to predict their broader cellular impact. Through in-vitro, 

miRNA transfection efficiency and miRNA-mRNA interactions were determined in 

K562-s (sensitive) and K562-r (resistant) CML cell lines using TaqMan assays and 

biotin miRNA pull-downs. Gene expression of ABL1 and BCR-ABL1 post-transfection 

was assessed by qPCR, while cell viability and cell cycle were measured via MTS 

assays and flow cytometry, respectively. Additionally, ABL1 protein expression was 

evaluated through a colorimetric enzyme-linked immunosorbent assay (ELISA), and 

microarray analysis was performed to identify differentially expressed genes (DEGs) 

affected by miRNA transfection. Results indicated effective transfection, with osa-

miR1858a/b exhibiting high expression in k562-r cells and hsa-miR-3131 in k562-s 

cells, suggesting cell-type-specific transfection efficiency. The miRNA pull-down 

assay confirmed binding interactions of hsa-miR-891a-3p and hsa-miR-3131 with 

target mRNA in k562-r but not in k562-s cells. Notably, Mann-Whitney test shows that 

hsa-miR-3131 significantly downregulated target BCR-ABL1 in k562-s cells (p<0.05), 

while no substantial downregulation occurred in k562-r cells. Despite this, no 

significant changes in ABL1 protein levels were observed post-transfection. 

Functionally, cell viability of k562-r cells was lowered by over 50.5% ± 1.53, 63.4% ± 

0.25 and 61.3% ± 0.23 when transfected with osa-miR1858a/b, hsa-miR-3131 and hsa-

miR-891a-3p respectively compared to the control group (p<0.05). Nevertheless, the 

viability of k562-s cells was decreased to 84.45% ± 0.673 (hsa-miR-3131), 81.45% ± 

0.816 (hsa-miR-891a-3p), and 83.86% ± 0.733 (osa-miR-1858a) with p<0.05 compared 

to the control groups. Additionally, osa-miR1858a/b and hsa-miR-891a-3p induced a 

cell cycle arrest at the G2/M phase in k562-r cells, with 6.5% ± 0.9 and 8.6% ± 1.1 

respectively, compared to the control group (p< 0.05). Furthermore, osa-miR1858a/b 

induced a cell cycle arrest at the S and G2/M phases in k562-s cells, with 59.74% ± 1.34 

and 7.80 ± 0.58, respectively, compared to controls (p<0.05). Microarray analysis 

revealed no (DEGs) between miRNA-treated and control groups; however, selected 

genes relevant to CML were further validated by qPCR. Notably, osa-miR1858a/b 

significantly downregulated IL6 and MAP4K1 in K562-s and K562-r cells, 

respectively. Both genes are involved in proliferation-related pathways such as MAPK 

and JAK/STAT. These findings highlight the exceptional ability of the plant-based 

miRNA osa-miR1858a/b in decreasing cell viability and inducing cell cycle arrest, as 

well as downregulating key genes such as IL6 and MAP4K1, demonstrating inter-

kingdom regulatory potential in-vitro. This research provides novel insights into the 

therapeutic potential of synthetic miRNAs in CML treatment, emphasizing the unique 

role of hsa-miR-3131, hsa-miR-891a-3p and especially osa-miR1858a/b in disrupting 

essential proliferative signalling cascades of CML.  
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 ملخص

، الذي يسبب تكاثرًا BCR-ABL1( هو ورم خبيث دموي مدفوع بجين الاندماج  CMLسرطان الدم النخاعي المزمن )

، لا يزال مقاومة مثبطات كيناز التيروزين  CMLغير منضبط لخلايا النخاع. بينما تم إحراز تقدم كبير في علاج  

(TKIs  تمثل تحديًا كبيرًا، مما يبرز الحاجة إلى أساليب علاجية جديدة. تبحث هذه الدراسة في الآليات الجزيئية )

)  RNAsللميكرو المترجمة  miRNAsالاصطناعية  غير  المنطقة  استهداف  خلال  من  التكاثر  تنظيم  في   )3  '

(UTR  لجين )BCR-ABL1  من خلال التحليلات الحاسوبية باستخدام .DIANATOOLS  وpsRNATarget  

تحديد  TargetRankو  RNA22و تم   ،miRNAs    تستهدف التي  المحتملة  والنباتية  لجين   UTR’3البشرية 

ABL1  مثل بارزين  . osa-miR1858a/bو  hsa-miR-891a-3pو   hsa-miR-3131، مع وجود مرشحين 

  Cytoscapeو STRINGمن خلال تحليلات الشبكات والمسارات باستخدام  تمت دراسة هذه الجزيئات الصغيرة  

-miRNAوتفاعلات    miRNAللتنبؤ بتأثيرها الخلوي الأوسع. من خلال التجارب في المختبر، تم تحديد كفاءة نقل  

mRNA    في كل من خطوط خلاياK562-s  الحساسة( و(K562-r    باستخدام اختبارات )المقاومة(TaqMan  

،  qPCRبعد النقل الجيني باستخدام    BCR-ABL1و    ABL1. تم تقييم التعبير الجيني لـ  miRNAوسحب البيوتين  

والتدفق الخلوي على التوالي. بالإضافة    MTSبينما تم قياس حيوية الخلايا وتأثيرات دورة الخلية عبر اختبارات  

(،  ELISAالمرتبط بالإنزيم الملون )  من خلال اختبار الامتصاص المناعي  ABL1إلى ذلك، تم تقييم تعبير بروتين  

.  miRNA( المتأثرة بنقل  DEGsوتم إجراء تحليل المصفوفة الدقيقة لتحديد الجينات المعبر عنها بشكل مختلف )

 hsa-miR-3131و  k562-rتعبيرًا عاليًا في خلايا    osa-miR1858a/bأشارت النتائج إلى نقل فعال، حيث أظهر  

-hsaتفاعلات الربط بين  miRNA، مما يشير إلى كفاءة نقل نوعية للخلايا. أكد اختبار سحب k562-sفي خلايا 

miR-891a-3p    وhsa-miR-3131    معmRNA    المستهدف في خلاياk562-r    ولكن ليس في خلاياk562-

s  من الجدير بالذكر أن .hsa-miR-miR-3131    خفض بشكل كبير الهدفBCR-ABL1    في خلاياk562-s 

(p<0.05)  بينما لم يحدث أي انخفاض كبير في خلايا ،k562-r  على الرغم من ذلك، لم تلُاحظ أي تغييرات كبيرة .

بروتين   قللت    ABL1في مستويات  الجيني. وظيفيًا،  النقل    k562-rمن حيوية خلايا    osa-miR1858a/bبعد 

-hsa-miR-891a)  0.23% ±  61.3(، وhsa-miR-3131)  0.25% ±  63.4،  1.53% ±  50.5بأكثر من  

3p( مقارنة بمجموعة التحكم )p<0.05  ومع ذلك، انخفضت حيوية خلايا .)k562-s    0.673% ±  84.45إلى  

(hsa-miR-3131)  ،81.45  %± 0.816 (miR-891a-3p)0.733% ±  83.86، و  (osa-miR-1858a )

-hsa-miR-891aو    osa-miR1858a/bمقارنة بالمجموعات الضابطة. بالإضافة إلى ذلك، فإن    p<0.05مع  

3p    قد تسببا في توقف دورة الخلية عند مرحلةG2/M   في خلاياk562-r  1.1% ±  8.6و   0.9% ±  6.5، بنسب  

إلى توقف دورة   osa-miR1858a/b(. علاوة على ذلك، أدى  p< 0.05على التوالي، مقارنة بمجموعة التحكم )

على التوالي، مقارنةً    0.58±    7.80و  1.34  % ±59.74، بنسبة  k562-sفي خلايا    G2/Mو  Sالخلية في مراحل  

(  DEGs(. أظهر تحليل المصفوفة الدقيقة عدم وجود جينات معبرة بشكل مختلف )p<0.05بالمجموعة الضابطة )

والمجموعات الضابطة؛ ومع ذلك، تم التحقق من صحة الجينات المختارة    miRNAبين المجموعات المعالجة بـ  

خفض بشكل كبير من مستوى    osa-miR1858a/b. من الجدير بالذكر أن  qPCRباستخدام    CMLذات الصلة بـ  

IL6  وMAP4K1    في خلاياK562-s  وK562-r    على التوالي. كلا الجينين متورطان في مسارات متعلقة بالتكاثر

للـ  JAK/STATو  MAPKمثل   الاستثنائية  القدرة  على  الضوء  النتائج  هذه  تسلط   .miRNA    النباتيosa-

miR1858a/b   في تقليل حيوية الخلايا وإحداث توقف في دورة الخلية، بالإضافة إلى تقليل التعبير عن الجينات

، مما يظهر الإمكانيات التنظيمية بين الممالك في المختبر. توفر هذه الدراسة رؤى  MAP4K1و  IL6الرئيسية مثل  

-hsa، مع التأكيد على الدور الفريد لـ  CMLالاصطناعية في علاج    miRNAsجديدة حول الإمكانات العلاجية للـ  

miR-3131    وhsa-miR-891a-3p    وخاصةosa-miR1858a/b    التكاثرية الإشارات  مسارات  تعطيل  في 

 . CMLالأساسية لـ 

 



 

 

 

 

vii 

TABLE OF CONTENTS 

 

 

 

 

 

 

 

 

 

 

 

1.1 Background of the Study 1 

1.1.1 Chronic Myeloid Leukaemia (CML) 3 

1.1.2 MicroRNA 4 

1.2 Problem Statement 5 

1.3 Research Questions 7 

1.4 Objective of Study 8 

1.5 Significance of Study 8 

1.6 Scope of Study 10 

1.7 Conceptual Framework 10 

 

2.1 Chronic Myeloid Leukaemia (CML) Pathogenesis 13 

2.2 The Molecular Mechanism of Chronic Myeloid Leukaemia 15 

2.2.1 The ABL gene and protein 15 

2.2.2 The BCR gene and protein 16 

2.2.3 BCR-ABL fusion oncogene 17 

2.2.4 Alterations induced by BCR-ABL in chronic myeloid leukaemia. 22 

2.2.5 Signalling pathway of oncogenic BCR-ABL1 24 

2.3 Treatment of Chronic Myeloid Leukaemia (CML) 28 

2.3.1 Tyrosine kinase inhibitors (TKI) 28 

2.3.2 Imatinib resistance of CML 30 



 

 

 

 

viii 

2.3.3 Independent mechanism of TKI resistance 34 

2.3.4 Alternative Molecular Targeted Treatment of CML 36 

2.4 The microRNA 37 

2.4.1 MiRNA biogenesis 38 

2.4.2 MiRNA mechanism of action 40 

2.4.3 MiRNA-based therapeutics 41 

2.4.4 Plant microRNA: A novel therapeutics tool for cancer therapy 51 

2.5 MicroRNA Target Prediction via In-silico Analysis 60 

2.6 Experimental Strategies for microRNA Target Validation 67 

2.6.1 Reporter assay, immunoprecipitation, pull-down assay. 69 

2.7 Effects of miRNA in Biological Process 75 

2.7.1 Cell cycle 76 

2.7.2 Cell viability 80 

 

3.1 Introduction 84 

3.2 Materials 84 

3.2.1 Cell lines and culture media 84 

3.2.2 Cell Count 85 

3.2.3 Cell proliferation/viability assay (MTS) 85 

3.2.4 Cell cycle assay 85 

3.2.5 RNA extraction, cDNA synthesis and qPCR 86 

3.2.6 MiRNA Taqman Assay 86 

3.2.7 ABL1 protein ELISA assay 87 

3.2.8 DNA microarray gene profiling 87 

3.2.9 1.5% electrophoresis agarose gel 87 

3.3 Experimental Design 88 

3.4 Methods 88 

3.4.1 In-silico analysis 88 

3.4.1.1 Sequence of BCR-ABL1 and miRNAs 88 

3.4.1.2 Predicting plant miRNA-mRNA target interaction 91 

3.4.1.3 Predicting human miRNA-mRNA target interaction 91 



 

 

 

 

ix 

3.4.1.4 Protein-protein interaction (PPI) network 92 

3.4.1.5 Gene ontology and pathway enrichment analysis 92 

3.4.2 MiRNA mimics synthesis 93 

3.4.3 Cell culture 93 

3.4.3.1 Apparatus and Materials Sterilisation 93 

3.4.3.2 Culture Media Preparation 94 

3.4.3.3 Cell Culture Harvesting 94 

3.4.3.4 Cell count 95 

3.4.3.5 Cell stock storage 95 

3.4.3.6 Cell thawing and revive 96 

3.4.4 Imatinib preparation 96 

3.4.5 MiRNA Transfection 97 

3.5 Taqman™ MicroRNA Expression Assay 97 

3.5.1 MiRNA extraction 98 

3.5.2 MiRNA reverse transcription 99 

3.5.3 Amplification of RT reaction products 100 

3.6 Biotinylated miRNA Pull-down Assay 101 

3.6.1 Production and transfection of 3’-biotinylated miRNA 101 

3.6.2 Washing step I: Preparation of streptavidin-coated magnetic beads 102 

3.6.3 Preparation of cell lysates 103 

3.6.4 Washing step II: Preparation of streptavidin magnetic beads 103 

3.6.5 Pull-down of target mRNA-miRNA complexes 104 

3.6.6 RNA extraction from biotin-pull down assay 104 

3.7 RNA Extraction 105 

3.7.1 RNA quantification and quality determination 106 

3.8 cDNA Synthesis 107 

3.9 Annealing Temperature and Primer Concentration Optimisation 107 

3.9.1 Determination of qPCR efficiency 108 



 

 

 

 

x 

3.9.2 Selection of housekeeping genes 109 

3.10 Amplification of ABL1 and BCR-ABL1 Gene Using qPCR 109 

3.11 Colorimetric Cell-Based Enzyme Link Immunostaining Assay (ELISA) of 

ABL1 Protein Quantification and Determination. 110 

3.12 Cell Viability/Proliferation Determination 112 

3.13 Cell Cycle Assay 114 

3.14 Microarray Gene Expression 115 

3.14.1 Real-time polymerase chain reaction (qPCR) for microarray genes 

expression 118 

3.15 Statistical Analysis 119 

 

4.1 In-silico Analysis 121 

4.1.1 MiRNA-mRNA target interaction 121 

4.1.2 MiRNA target genes, protein interaction network, gene ontology and 

pathway analysis 122 

4.2 Transfection Efficiency and Target Site Validation 139 

4.2.1 MicroRNA TaqMan Assay 139 

4.2.2 Biotin-based pulldown assay 141 

4.3 BCR-ABL1 and ABL1 Expression 146 

4.3.1 Housekeeping genes (HKG) selection 146 

4.3.2 PCR efficiency determination 148 

4.3.3 ABL1 and BCR-ABL1 gene expression 150 

4.4 ABL1 Protein Analysis of Cell-Based ELISA 152 

4.5 Determination of Cell Functional Assay 153 

4.5.1 Cell proliferation using MTS assay 153 

4.5.2 Flow cytometry analysis of cell cycle 154 

4.6 Microarray Profiling 159 

4.6.1 RNA quality 159 

4.6.2 Microarray gene expression 161 

4.6.3 PCR efficiency determination of selected genes 164 

4.6.4 qPCR validation of up and down-regulated genes 167 

4.6.5 Enrichment and pathway analysis of microarray genes 169 

 



 

 

 

 

xi 

5.1 In-silico analysis 185 

5.2 MiRNA Transfection Efficiency and Binding Site Validation 188 

5.3 Effects of miRNA Transfection on the BCR-ABL1 and ABL1 Gene 192 

5.4 Effects of miRNA Transfection on ABL1 Protein Expression 195 

5.5 Effects of miRNA Transfection on CML Cellular Functions 196 

5.6 Effects of miRNA Transfection on The Gene Expression Profiling 200 

5.6.1 Enrichment and pathways analysis of upregulated and downregulated 

genes. 206 

5.7 Novelty of The Research 208 

 

6.1 Summary of Research Findings 211 

6.2 Recommendations for Future Research 213 

 

 

 

  



 

 

 

 

xii 

LIST OF TABLES 

Tables                    Page 

Table 2.1: The list of miRNA’s roles and functions. .................................................. 44 

Table 2.2: The list of miRNA’s roles and functions (continued). ............................... 45 

Table 2.3: The list of miRNA’s roles and functions (continued). ............................... 46 

Table 2.4: The list of miRNA’s roles and functions (continued). ............................... 47 

Table 2.5: The list of miRNA’s roles and functions (continued). ............................... 48 

Table 2.6: miRNA-based therapeutics in clinical trials. ............................................. 49 

Table 2.7: Summary of experimental results on plant miRNAs. ................................ 57 

Table 2.8: Summary of experimental results on plant miRNAs (continued). ............. 58 

Table 2.9: Summary of experimental results on plant miRNAs (continued). ............. 59 

Table 2.10: MiRNA target prediction algorithms and tools. ....................................... 62 

Table 2.11: MiRNA target validation methods. .......................................................... 74 

Table 2.12: MiRNA target validation methods (continued). ...................................... 75 

Table 3.1: Mature miRNA mimic sequence. ............................................................... 93 

Table 3.2: Primer sequences for ABL1, BCR-ABL1 and housekeeping genes 

amplifications. ............................................................................................................ 108 

Table 3.3: List of primers for gene validation. .......................................................... 118 

Table 4.1: Plant miRNAs binding details on 3’UTR of ABL1. ................................ 121 

Table 4.2: Human miRNAs binding details on 3’UTR of ABL1. ............................ 122 

Table 4.3: Functional enrichment table of miRNA’s cluster. ................................... 129 

Table 4.4: Functional enrichment table of miRNA’s cluster (continued). ................ 130 

Table 4.5: Functional enrichment table of miRNA’s cluster (continued). ................ 131 

Table 4.6: Functional enrichment table of miRNA’s cluster (continued). ................ 132 

Table 4.7: Functional enrichment table of miRNA’s cluster (continued). ................ 133 



 

 

 

 

xiii 

Table 4.8: Functional enrichment table of miRNA’s cluster (continued). ................ 134 

Table 4.9: Functional enrichment table of miRNA’s cluster (continued). ................ 135 

Table 4.10: Functional enrichment table of miRNA’s cluster (continued). .............. 136 

Table 4.11: Functional enrichment table of miRNA’s cluster (continued). .............. 137 

Table 4.12: Functional enrichment table of miRNA’s cluster (continued). .............. 138 

Table 4.13: List of primers for biotin pull-down assay validation. ........................... 143 

Table 4.14: RNA concentration and quality. ............................................................. 143 

Table 4.15: Average of Cq values from different groups.......................................... 146 

Table 4.16: PCR efficiency amplification and standard curves for selected primers.

 .................................................................................................................................... 148 

Table 4.17: PCR efficiency amplification and standard curves for selected primers 

(continued). ................................................................................................................ 149 

Table 4.18: PCR efficiency amplification and standard curves for selected primers 

(continued). ................................................................................................................ 150 

Table 4.19: k562-s cell cycle shown in population histogram (a, b, c, d, e), in scatter 

plot of PI-W versus PI-A(f, g, h, i, j) and percentage (%). ........................................ 157 

Table 4.20: k562-r cell cycle shown in population histogram (a, b, c, d, e), scatter plot 

of PI-W versus PI-A (f, g, h, i, j) and percentage (%). .............................................. 158 

Table 4.21: RNA integrity number (RIN) and concentration (ng/ml) from each sample 

sent for quality control before microarray. ................................................................ 160 

Table 4.22: Summary of selected biological processes and pathways related to the 

study. .......................................................................................................................... 162 

Table 4.23: Selected genes for qPCR validation. ...................................................... 163 

Table 4.24: PCR efficiency amplification and standard curves for selected primers.

 .................................................................................................................................... 164 



 

 

 

 

xiv 

Table 4.25: PCR efficiency amplification and standard curves for selected primers 

(continued). ................................................................................................................ 165 

Table 4.26: PCR efficiency amplification and standard curves for selected primers 

(continued). ................................................................................................................ 166 

Table 4.27: Functional enrichment analysis of microarray genes from hsa-miR-3131 

and osa-mir1858a/b. ................................................................................................... 178 

Table 4.28: Functional enrichment analysis of microarray genes from hsa-miR-3131 

and osa-mir1858a/b (continued). ............................................................................... 179 

Table 4.29: Functional enrichment analysis of microarray genes from hsa-miR-3131 

and osa-mir1858a/b (continued). ............................................................................... 180 

Table 4.30: Functional enrichment analysis of microarray genes from hsa-miR-3131 

and osa-mir1858a/b (continued). ............................................................................... 181 

Table 4.31: Functional enrichment analysis of microarray genes from hsa-miR-3131 

and osa-mir1858a/b (continued). ............................................................................... 182 

Table 4.32: Functional enrichment analysis of microarray genes from hsa-miR-3131 

and osa-mir1858a/b (continued). ............................................................................... 183 

Table 4.33: Functional enrichment analysis of microarray genes from hsa-miR-3131 

and osa-mir1858a/b (continued). ............................................................................... 184 

 

  



 

 

 

 

xv 

LIST OF FIGURES 

Figures                   Page 

Figure 1.1: Study Conceptual Framework. The diagram uses two types of lines to 

represent the nature of interactions: black arrows illustrate a causal or promoting effect 

between variables, while red lines without arrowheads represent inhibition or 

repression, particularly in the context of miRNA targeting the 3′UTR of mRNA to 

suppress gene expression. ............................................................................................ 12 

Figure 2.1: (A) The translocation of chromosomes 9 and 22, t (9;22) (q34; q11) forming 

the Philadelphia (Ph) chromosome. (B) The location of the break within the BCR gene 

determines the formation of distinct BCR-ABL1 fusion gene transcripts. .................. 18 

Figure 2.2: Structural arrangement of the BCR and ABL1 components within the BCR-

ABL1 protein. .............................................................................................................. 19 

Figure 2.3: Downstream activation of the molecular pathways associated with BCR-

ABL1. ........................................................................................................................... 26 

Figure 2.4: The diagram illustrates the amino acid substitutions within the Bcr-Abl 

Kinase Domain. ............................................................................................................ 32 

Figure 2.5: Canonical and non-canonical pathways of microRNA (miRNA) biogenesis 

and function. MiRNAs are processed from primary transcripts via canonical 

(Drosha/DGCR8) or non-canonical (shRNA, mirtron, or m⁷G-capped) pathways. 

Mature miRNAs, incorporated into the miRISC complex, regulate gene expression by 

promoting mRNA degradation or inhibiting translation .............................................. 39 

Figure 2.6: The schematic diagram of the cell cycle. ................................................. 79 

Figure 3.1: Work flowchart. ........................................................................................ 90 

Figure 3.2: haemocytometer slide and the grid. .......................................................... 95 

Figure 3.3: TaqMan miRNA assay workflow. .......................................................... 100 



 

 

 

 

xvi 

Figure 3.4: Flowchart of ABL1 cell-based ELISA assay. ........................................ 112 

Figure 3.5: Intermediate electron acceptor phenazine ethosulfate (PES) transfers 

electrons from NADH in the cytoplasm to reduce MTS in the culture medium into an 

aqueous soluble formazan. ......................................................................................... 113 

Figure 3.6: Standard workflow for sample preparation and array hybridization design.

 .................................................................................................................................... 117 

Figure 3.7: Flow of the analysis from microarray report. ......................................... 117 

Figure 4.1: Protein–protein interaction (PPI) network clustering of hsa-miR-891a-3p 

target genes showing 19 clusters. The network was generated and visualised in 

Cytoscape. Clusters were identified using the MCODE plugin, with node colours 

representing distinct functional modules and node size indicating connection degree.

 .................................................................................................................................... 124 

Figure 4.2: Undirected ABL1 first-neighbours network of hsa-mir-891a-3p. The 

network was generated using Cytoscape, showing protein-protein interactions between 

ABL1 and its first neighbours. ................................................................................... 125 

Figure 4.3: Significantly enriched pathways based on the p-value of the undirected first 

neighbours of ABL1 in the hsa-mir-891a-3p network. .............................................. 125 

Figure 4.4: Protein–protein interaction (PPI) network clustering of hsa-miR-3131 target 

genes showing two clusters. The network was generated and visualised in Cytoscape. 

Clusters were identified using the MCODE plugin, with node colours representing 

distinct functional modules and node size indicating connection degree. ................. 126 

Figure 4.5: Undirected ABL1 first-neighbours network of hsa-mir-3131. The network 

was generated using Cytoscape, showing protein-protein interactions between ABL1 

and its first neighbours. .............................................................................................. 126 



 

 

 

 

xvii 

Figure 4.6: Significantly enriched pathways based on the p-value of the undirected first 

neighbours of ABL1 in the hsa-mir3131 network. .................................................... 127 

Figure 4.7: Protein–protein interaction (PPI) network clustering of Osa-miR-1858a/b 

target genes showing 18 clusters. The network was generated and visualised in 

Cytoscape. Clusters were identified using the MCODE plugin, with node colours 

representing distinct functional modules and node size indicating connection degree.

 .................................................................................................................................... 127 

Figure 4.8:Undirected ABL1 first-neighbours network of Osa-miR-1858a/b. The 

network was generated using Cytoscape, showing protein-protein interactions between 

ABL1 and its first neighbours. ................................................................................... 128 

Figure 4.9: Significantly enriched pathways based on the P-value of the undirected first 

neighbours of ABL1 in the Osa-mir-1858a/b network. ............................................. 128 

Figure 4.10: miRNA levels after transfection in the K562-s cells. Data are expressed as 

2^-ΔΔCq value ± SD from two biological replicates. *p<0.05 compared to untreated. 140 

Figure 4.11: MiRNA levels after transfection in the K562-r cell. Data are expressed as 

2^-ΔΔCq value ± SD from two biological replicates. *p<0.05 compared to untreated. 140 

Figure 4.12: Hsa-miR-3131 and hsa-miR-891-3p target identification by qPCR 

compared to the control lysate in k562-s. .................................................................. 144 

Figure 4.13: Hsa-miR-3131 and hsa-miR-891-3p target identification by qPCR 

compared to the control group in k562-s. * p<0.05. .................................................. 144 

Figure 4.14: Hsa-miR-3131 and hsa-miR-891-3p target identification by qPCR 

compared to the control lysate in k-562-r. * p<0.05. ................................................. 145 

Figure 4.15: Hsa-miR-3131 and hsa-miR-891-3p target identification by qPCR 

compared to the control group in k562-r. *p<0.05. ................................................... 145 

Figure 4.16: Summary of housekeeping genes stability. .......................................... 147 



 

 

 

 

xviii 

Figure 4.17: Gene stability from (a)Delta Ct method, b) BestKeeper, (c) Genorm, and 

(d) normFinder tools. ................................................................................................. 147 

Figure 4.18: ABL1 and BCR-ABL1 gene expression in k562-s cells. The results were 

stated as mean ± SD (n = 3), * significant with p<0.05 compared to untreated, # 

significant with p<0.05 compared to imatinib. .......................................................... 151 

Figure 4.19: ABL1 and BCR-ABL1 gene expression in k562-r cells. The results were 

stated as mean ± SD (n = 3), * significant with p<0.05 compared to untreated, # 

significant with p<0.05 compared to imatinib. .......................................................... 151 

Figure 4.20: ABL1 protein expressions in k562-s. # p<0.05 compared to imatinib. Data 

are presented as mean ± SD from three biological replicates. ................................... 152 

Figure 4.21: ABL1 protein expression in k562-r. # p<0.05 compared to imatinib. Data 

are presented as mean ± SD from three biological replicates. ................................... 153 

Figure 4.22: k562-s and k562-r cells viability post-transfection with miRNA mimics. 

The results were stated as mean ± SD with three biological replicates, * significant with 

p<0.05 compared to untreated, # significant with p<0.05 compared to imatinib. ..... 154 

Figure 4.23: Effects of miRNA transfection in k562-s cell cycle was plotted in cell 

cycle percentage (%). Data expressed in mean ± SD from three biological replicates. * 

p<0.05 compared to untreated, # p<0.05 compared to imatinib. ............................... 156 

Figure 4.24: Effects of miRNA transfection in the k562-r cell cycle were plotted in cell 

cycle percentage (%). Data expressed in mean ± SD from three biological replicates. * 

p<0.05 compared to untreated, #p<0.05 compared to imatinib. ................................ 156 

Figure 4.25: Electrophoresis file run summary of RNA extracted from k562-s cells 

treated with hsa-miR-3131, osa-miR1858a/b, imatinib and untreated (normal) in 

triplicate. .................................................................................................................... 159 



 

 

 

 

xix 

Figure 4.26: Electrophoresis file run summary of RNA extracted from k562-r cells 

treated with hsa-miR-3131, osa-miR1858a/b, imatinib and untreated (normal) in 

triplicate. .................................................................................................................... 160 

Figure 4.27: Gene expression from miR-3131 and osa-miR1858a/b treated groups 

compared to control untreated group in k562-s, * p<0.05. ........................................ 167 

Figure 4.28: Gene expression from hsa-miR-3131 and osa-miR1858a/b treated groups 

compared to control untreated group in k562-r, *p<0.05. ......................................... 168 

Figure 4.29: Overall gene expression from all miRNAs treated groups compared to the 

untreated control group. * p<0.05 .............................................................................. 168 

Figure 4.30: Gene expression comparison between microarray and qPCR. ............. 169 

Figure 4.31: Protein–protein interaction (PPI) network clustering of upregulated genes 

of hsa-miR-3131 in K562-s showing 12 clusters. The network was generated and 

visualised in Cytoscape. Clusters were identified using the MCODE plugin, with node 

colours representing distinct functional modules and node size indicating connection 

degree. ........................................................................................................................ 172 

Figure 4.32: Protein–protein interaction (PPI) network clustering of downregulated 

genes of hsa-miR-3131 in K562-s showing seven clusters. The network was generated 

and visualised in Cytoscape. Clusters were identified using the MCODE plugin, with 

node colours representing distinct functional modules and node size indicating 

connection degree. ..................................................................................................... 172 

Figure 4.33: Protein–protein interaction (PPI) network clustering of upregulated genes 

of osa-miR1858a/b in K562-s showing 17 clusters. The network was generated and 

visualised in Cytoscape. Clusters were identified using the MCODE plugin, with node 

colours representing distinct functional modules and node size indicating connection 

degree. ........................................................................................................................ 173 



 

 

 

 

xx 

Figure 4.34: Protein–protein interaction (PPI) network clustering of downregulated 

genes of osa-miR1858a/b in K562-s showing 16 clusters. The network was generated 

and visualised in Cytoscape. Clusters were identified using the MCODE plugin, with 

node colours representing distinct functional modules and node size indicating 

connection degree. ..................................................................................................... 174 

Figure 4.35:  Protein–protein interaction (PPI) network clustering of upregulated genes 

of hsa-miR-3131 in K562-r showing 30 clusters. The network was generated and 

visualised in Cytoscape. Clusters were identified using the MCODE plugin, with node 

colours representing distinct functional modules and node size indicating connection 

degree. ........................................................................................................................ 175 

Figure 4.36: Protein–protein interaction (PPI) network clustering of downregulated 

genes of hsa-miR-3131 in K562-r showing 11 clusters. The network was generated and 

visualised in Cytoscape. Clusters were identified using the MCODE plugin, with node 

colours representing distinct functional modules and node size indicating connection 

degree. ........................................................................................................................ 176 

Figure 4.37: Protein–protein interaction (PPI) network clustering of upregulated genes 

of osa-mir1858a/b in K562-r showing one clusters. The network was generated and 

visualised in Cytoscape. Clusters were identified using the MCODE plugin, with node 

colours representing distinct functional modules and node size indicating connection 

degree. ........................................................................................................................ 177 

Figure 6.1: Key findings from miRNA transfection in CML cells; k562-s and k562-r.

 .................................................................................................................................... 215 

Figure 6.2: Proposed molecular mechanism of osa-miR1858a/b in regulating the 

IL6/JAK/STAT Pathway in K562-S Cells. ................................................................ 216 



 

 

 

 

xxi 

Figure 6.3: Proposed molecular mechanism of osa-mir1858a/b in regulating MAPK 

pathway via MAP4K1 in k562-r cells. ...................................................................... 217 

 

  



 

 

 

 

xxii 

LIST OF APPENDICES 

Appendices         Page 

Appendix 1  List of MiRNA target genes     271 

Appendix 2  Upregulated and downregulated microarray genes  272 

Appendix 3  Primer design for microarray gene validation  280 

Appendix 4  Presentations and Publications    315 

  



 

 

 

 

xxiii 

LIST OF ABBREVIATIONS 

 

3'UTR 3' Untranslated Region 

ABL Abelson Murine Leukemia Viral Oncogene Homolog 

AML Acute Myeloid Leukemia 

ARE AU-Rich Element 

ASO Antisense Oligonucleotide 

ATP Adenosine Triphosphate 

antimiRs Antagonistic MicroRNAs 

BCR Breakpoint Cluster Region 

CCyR Complete Cytogenetic Response 

CDK Cyclin-Dependent Kinase 

CLL Chronic Lymphocytic Leukemia 

CML Chronic Myeloid Leukemia 

DNA Deoxyribonucleic Acid 

GTP Guanosine Triphosphate 

HSCT Hematopoietic Stem Cell Transplantation 

IM Imatinib Mesylate 

kD Kilodalton 

LNA Locked Nucleic Acid 

LSCS Leukemic Stem Cells 

m-bcr Major Breakpoint Cluster Region 

µ-bcr Micro Breakpoint Cluster Region 

miRNA MicroRNA 

miTG miRNA-Target Gene Interaction 

MMR Major Molecular Response 

MRE MicroRNA Recognition Element 

mRNA Messenger RNA 

ncRNA Non-Coding RNA 

oncomiRs Oncogenic MicroRNAs 

Ph Philadelphia Chromosome 

RiSC RNA-Induced Silencing Complex 



 

 

 

 

xxiv 

RNA Ribonucleic Acid 

SRC Proto-Oncogene Tyrosine-Protein Kinase Src 

TKI Tyrosine Kinase Inhibitor 

TRBP Trans-Activation Response RNA-Binding Protein 

WBC White Blood cells 

 

 

  




