
 

 

Defining CP-CML Patient Subsets Associated 

with Poor Imatinib Uptake and Response 

 

Dale B. Watkins 

 

 

The Melissa White Laboratory, Cancer Theme 

South Australian Health and Medical Research Institute (SAHMRI) 

& 

The Faculty of Health Sciences 

Department of Medicine and 

Centre for Personalised Cancer Medicine 

The University of Adelaide 

Adelaide, South Australia 

 

 

A thesis submitted to The University of Adelaide 

In candidature for the degree of Doctor of Philosophy 

December 2013 



TABLE OF CONTENTS 

TABLE OF CONTENTS ......................................................................................................................... II 

ABSTRACT .................................................................................................................................... VIII 

DECLARATION .................................................................................................................................. X 

PUBLICATIONS ................................................................................................................................ XI 

SCHOLARSHIP AND AWARDS ............................................................................................................ XIV 

ABBREVIATIONS ............................................................................................................................ XVI 

CLINICAL TRIALS REFERRED TO IN THIS THESIS ..................................................................................... XXII 

ACKNOWLEDGEMENTS .................................................................................................................. XXIII 

1 INTRODUCTION ......................................................................................................................................... 1 

1.1 CHRONIC MYELOID LEUKAEMIA ................................................................................................. 2 

1.1.1 Clinical Features ................................................................................................................................. 2 
1.1.2 Philadelphia Chromosome and Resulting BCR-ABL1 Fusion Gene ..................................................... 4 
1.1.3 Disease Biology and Pathogenesis ..................................................................................................... 7 

1.2 HISTORICAL TREATMENT OPTIONS FOR CML PATIENTS ................................................................ 13 

1.2.1 Conventional and Intensive Chemotherapy ..................................................................................... 13 
1.2.2 Interferon-α ..................................................................................................................................... 14 

1.3 MOLECULAR THERAPEUTIC STRATEGIES ..................................................................................... 15 

1.3.1 First Generation Tyrosine Kinase Inhibitors ..................................................................................... 15 
1.3.2 Second Generation Tyrosine Kinase Inhibitors ................................................................................. 25 

1.4 PREDICTORS OF PATIENT OUTCOME ......................................................................................... 29 

1.4.1 Pre-therapy Prognostic Indicators ................................................................................................... 29 
1.4.2 On-therapy Prognostic Indicators .................................................................................................... 45 

1.5 HYPOTHESIS AND AIMS .......................................................................................................... 49 

1.5.1 Hypothesis ....................................................................................................................................... 49 
1.5.2 Aims ................................................................................................................................................. 49 

2 MATERIALS AND METHODS ..................................................................................................................... 50 

2.1 COMMONLY USED REAGENTS ................................................................................................. 51 

2.2 SOLUTIONS, BUFFERS & MEDIA ............................................................................................... 54 

2.2.1 Adherent Cell Line Wash Buffer ....................................................................................................... 54 
2.2.2 Cell Culture Media ........................................................................................................................... 54 
2.2.3 Complete Protease Inhibitor Cocktail (25x stock) ............................................................................ 54 
2.2.4 dNTP Set (N = A, C, G, T) .................................................................................................................. 54 
2.2.5 Flow Cytometry Fixative (FACS Fix) .................................................................................................. 55 
2.2.6 Hanks Balanced Salt Solution (HBSS) ............................................................................................... 55 
2.2.7 Flow Cytometry Staining Buffer ....................................................................................................... 55 
2.2.8 Freeze Mix ........................................................................................................................................ 55 
2.2.9 Imatinib Mesylate, MW = 589.72 .................................................................................................... 55 
2.2.10 50% [14C]-Imatinib (100 µM) .......................................................................................................... 56 
2.2.11 1x Laemmli’s Buffer for cell lysis .................................................................................................... 56 
2.2.12 2x Laemmli’s Loading Buffer .......................................................................................................... 56 

ii 



2.2.13 5x Laemmli’s Loading Buffer .......................................................................................................... 57 
2.2.14 Membrane Blocking Solutions ....................................................................................................... 57 
2.2.15 Modified Radioimmunoprecipitation (RIPA) Buffer ....................................................................... 58 
2.2.16 Pefabloc Protease Inhibitor (50x stock) ......................................................................................... 58 
2.2.17 PhosSTOP Phosphatase Inhibitor (10x stock) ................................................................................ 58 
2.2.18 Prazosin Hydrochloride – Inhibits OCT-1, OCT-2, OCT-3 ................................................................ 59 
2.2.19 Random Hexamer Primer (100 mg stock) ...................................................................................... 59 
2.2.20 1x SDS-PAGE Running Buffer ......................................................................................................... 59 
2.2.21 1x SDS-PAGE Transfer Buffer ......................................................................................................... 59 
2.2.22 SDS-Polyacrylamide Gel ................................................................................................................. 60 
2.2.23 10x TBS .......................................................................................................................................... 60 
2.2.24 Thaw Solution ................................................................................................................................ 61 
2.2.25 Tris Buffer A ................................................................................................................................... 61 
2.2.26 Tris Buffer B ................................................................................................................................... 61 
2.2.27 White Cell Fluid .............................................................................................................................. 61 

2.3 GENERAL TECHNIQUES ........................................................................................................... 62 

2.3.1 Lymphoprep Isolation of Mononuclear Cells.................................................................................... 62 
2.3.2 Cell Counts and Viability .................................................................................................................. 62 
2.3.3 Maintenance of Cell Lines ................................................................................................................ 62 
2.3.4 Cryopreservation of Cells ................................................................................................................. 63 
2.3.5 Thawing of Cells ............................................................................................................................... 64 
2.3.6 Antibody Staining for Flow Cytometric Analysis .............................................................................. 64 
2.3.7 Protein Concentration Determination using Dc Protein Assay ......................................................... 66 

2.4 SPECIALISED TECHNIQUES ....................................................................................................... 68 

2.4.1 Imatinib  Intracellular Uptake and Retention (IURimatinib) Assay ...................................................... 68 
2.4.2 IC50 Assay, as Determined by Crkl Phosphorylation Status ............................................................. 69 
2.4.3 SDS-PAGE and Western Blot ............................................................................................................ 69 
2.4.4 Real Time Quantitative PCR (RQ-PCR) ............................................................................................. 71 
2.4.5 TaqMan® Low Density Array (TLDA) ................................................................................................ 76 
2.4.6 TaqMan® RQ-PCR for Specific Genes ............................................................................................... 78 
2.4.7 DNA Extraction ................................................................................................................................ 79 
2.4.8 REPLI-g® Whole Genome Amplification ........................................................................................... 80 
2.4.9 NPM1 Mutation Fragment Analysis ................................................................................................ 81 
2.4.10 Global DNA Methylation Analysis .................................................................................................. 82 
2.4.11 Bisulphite Pyrosequencing of Target CpGs .................................................................................... 84 
2.4.12 Single Nucleotide Polymorphism (SNP) Genotyping ...................................................................... 88 
2.4.13 Affymetrix Microarray Gene Expression analysis .......................................................................... 92 
2.4.14 Illumina Microarray Gene Expression analysis .............................................................................. 93 

2.5 STATISTICAL ANALYSES ........................................................................................................... 94 

2.6 BIOINFORMATICS ANALYSES .................................................................................................... 95 

2.6.1 MeV ................................................................................................................................................. 95 
2.6.2 IterativeBMA .................................................................................................................................... 95 
2.6.3 Prediction Analysis for Microarrays (PAM) ...................................................................................... 97 
2.6.4 Gene set enrichment analysis (GSEA) and Pathway/Gene ontology analysis .................................. 99 
2.6.5 Microarray dataset re-analysis ...................................................................................................... 100 
2.6.6 Selection of housekeeping genes ................................................................................................... 100 
2.6.7 HTqPCR .......................................................................................................................................... 101 
2.6.8 CMA package ................................................................................................................................. 103 
2.6.9 Transcription factor prediction using microarray gene-sets .......................................................... 105 
2.6.10 Minfi ............................................................................................................................................ 107 
2.6.11 ComBat ........................................................................................................................................ 110 

iii 



2.6.12 Linear Models for Microarray Data analysis ............................................................................... 111 
2.6.13 Oncomine analysis ....................................................................................................................... 112 

3 IMMUNOPHENOTYPING OF CP-CML PATIENTS WITH LOW AND HIGH OCT-1 ACTIVITY AT DIAGNOSIS . 113 

3.1 INTRODUCTION ...................................................................................................................114 

3.1.1 OCT-1 activity varies with cell lineage ........................................................................................... 117 
3.1.2 Immunophenotyping in CML.......................................................................................................... 117 
3.1.3 Immune surveillance in CML .......................................................................................................... 120 
3.1.4 Approach ....................................................................................................................................... 121 

3.2 RESULTS ............................................................................................................................124 

3.2.1 Immunophenotyping analysis of 27 CP-CML patients at diagnosis ............................................... 124 
3.2.2 Development of an immunophenotyping classifier for OCT-1 activity .......................................... 131 
3.2.3 Validation of the OCT-1 activity immunophenotyping classifier in an independent patient cohort .... 
  ....................................................................................................................................................... 148 
3.2.4 Combined 95 patient immunophenotyping analysis identifies markers associated with very low OA 
  ....................................................................................................................................................... 151 

3.3 DISCUSSION .......................................................................................................................170 

4 GENE EXPRESSION PROFILING IN CP-CML PATIENTS WITH LOW AND HIGH OCT-1 ACTIVITY ................. 178 

4.1 INTRODUCTION ...................................................................................................................179 

4.1.1 Microarrays and CML .................................................................................................................... 181 
4.1.2 Microarray Expression Profiles with CD34+ CML cells ................................................................... 183 
4.1.3 The Limitations of Microarray Gene Expression Profiling .............................................................. 185 
4.1.4 Approach ....................................................................................................................................... 185 

4.2 RESULTS ............................................................................................................................187 

4.2.1 Microarray analysis of very low and very high OCT-1 activity patients ......................................... 187 
4.2.2 Gene Set Enrichment Analysis  identifies specific lineage differences between very low and very 
high OCT-1 activity patients ....................................................................................................................... 187 
4.2.3 Validation of the 89 gene OCT-1 activity signature by RQ-PCR ..................................................... 195 
4.2.4 Interrogation of the 96 gene RQ-PCR dataset identifies genes predictive of response ................. 209 
4.2.5 Genes significantly associated with multiple patient response parameters were identified from the 
96 gene RQ-PCR dataset............................................................................................................................. 218 
4.2.6 Development of a gene expression classifier for OCT-1 activity .................................................... 222 
4.2.7 Selection of genes to be validated from the RQ-PCR analyses and OA classifier development ..... 231 
4.2.8 Validation of the OA classifier in an independent CP-CML patient cohort .................................... 233 
4.2.9 Interrogation of the 24 gene RQ-PCR dataset identifies genes predictive of response ................. 241 
4.2.10 No commonality was observed between the genes significantly associated with patient response 
from both the 96- and 24- gene RQ-PCR datasets ..................................................................................... 248 
4.2.11 Combined 110 patient RQ-PCR analysis identifies genes associated with poor response to TKI 
therapy  ..................................................................................................................................................... 248 
4.2.12 Histone genes are associated with very low OA, and with CML poor responders from microarray 
data mining ................................................................................................................................................ 255 
4.2.13 Transcription factor binding analysis identifies MYC and E2F1 as significantly enriched with the 
histone gene signature ............................................................................................................................... 258 
4.2.14 Ingenuity Pathway Analysis identifies interactions between the transcription factors E2F1, E2F4 
and MYC and the histone gene-set ............................................................................................................. 263 
4.2.15 Western blot analysis was unable to detect the protein levels of MYC and E2F1 in CP-CML patient 
samples  ..................................................................................................................................................... 267 

4.3 DISCUSSION .......................................................................................................................271 

5 GLOBAL DNA METHYLATION ANALYSIS OF CP-CML PATIENTS WITH LOW AND HIGH OCT-1 ACTIVITY .. 278 

iv 



5.1 INTRODUCTION ...................................................................................................................279 

5.1.1 Epigenetics and DNA methylation ................................................................................................. 279 
5.1.2 Role of epigenetics in cancer ......................................................................................................... 285 
5.1.3 Role of DNA methylation in haematological cancers .................................................................... 287 
5.1.4 Epigenetics and DNA methylation in CML ..................................................................................... 287 
5.1.5 Approach ....................................................................................................................................... 290 

5.2 RESULTS ............................................................................................................................293 

5.2.1 Global DNA methylation profiling identified significant epigenetic differences between CP-CML 
patients with very low OCT-1 activity compared to the rest ...................................................................... 293 
5.2.2 Pathway analysis identified significant enrichment of multiple cellular processes associated with 
very low OA patients, compared to the rest ............................................................................................... 306 
5.2.3 Development of a predictive classifier for OA using the 450K DNA methylation data .................. 306 
5.2.4 Single nucleotide polymorphisms at a CpG locus influences the validity of the DNA methylation 
results produced ......................................................................................................................................... 309 
5.2.5 Development of a predictive classifier for OA using re-analysed 450K DNA methylation data to 
exclude SNP-CpGs ....................................................................................................................................... 314 
5.2.6 Pyrosequencing successfully validates target CpGs from the 450K dataset .................................. 321 
5.2.7 Replication of the OA methylation classifier using pyrosequencing data ...................................... 326 
5.2.8 Validation of the OA pyrosequencing classifier using an independent patient cohort .................. 329 
5.2.9 Pyrosequencing on an independent 46 patient cohort failed to replicate the differential 
methylation patterns observed from the 450K analysis ............................................................................. 329 
5.2.10 Re-analysis of the global 450K DNA methylation profiling from CP-CML patients with very low 
OCT-1 activity compared to the rest identified significant differential methylation .................................. 335 
5.2.11 Gene-set enrichment analysis identifies significant enrichment of Polycomb group proteins 
associated with very low OA patients, compared to the rest ..................................................................... 344 
5.2.12 Integrated genome-wide DNA methylation and gene expression analysis reveals significant 
interplay between genes significantly associated with very low OA, compared to other OA .................... 344 

5.3 DISCUSSION .......................................................................................................................359 

6 GLOBAL DNA METHYLATION ANALYSIS OF CP-CML COMPARED TO NORMAL INDIVIDUALS AND DURING 
DISEASE PROGRESSION ................................................................................................................................ 362 

6.1 INTRODUCTION ...................................................................................................................363 

6.1.1 Approach ....................................................................................................................................... 363 
6.2 RESULTS ............................................................................................................................365 

6.2.1 Global DNA methylation profiling identified significant epigenetic differences between CP-CML 
patients and normal individuals ................................................................................................................. 365 
6.2.2 Pathway analysis identified significant enrichment of genes encoding multiple cellular processes 
associated with CP-CML patients, compared to normal individuals .......................................................... 374 
6.2.3 Gene-set enrichment analysis identifies significant enrichment of Polycomb group proteins and 
cancer pathways associated with CP-CML patients, compared to normal individuals .............................. 374 
6.2.4 Global DNA methylation profiling identified significant epigenetic differences between CP-CML 
and BC-CML patients .................................................................................................................................. 377 
6.2.5 Pathway analysis identified significant enrichment of genes encoding multiple cellular processes 
associated with BC-CML, compared to CP-CML ......................................................................................... 386 
6.2.6 Gene-set enrichment analysis identifies significant enrichment of Polycomb group proteins and 
p53 and RB1 gene-sets associated with BC-CML, compared to CP-CML .................................................... 386 
6.2.7 Global DNA methylation profiling identified very slight epigenetic differences between CP-CML 
patients and CP-CML patients who later transformed to BC while receiving TKI therapy ......................... 389 
6.2.8 A high correlation was observed between the significant CpG lists identified from the CML versus 
normal, the CP-CML versus BC-CML, and the very low versus other OA DNA methylation analyses ......... 391 

6.3 DISCUSSION .......................................................................................................................397 
v 



7 IDENTIFICATION OF INDEPENDENT BIOMARKERS FOR OCT-1 ACTIVITY AND CML DISEASE PROGRESSION .. 
  .............................................................................................................................................................. 403 

7.1 INTRODUCTION ...................................................................................................................404 

7.1.1 Biomarkers in Chronic Myeloid Leukaemia .................................................................................... 404 
7.1.2 Approach ....................................................................................................................................... 407 

7.2 RESULTS ............................................................................................................................409 

7.2.1 Pathway analysis identified RNA polymerase I pathways as significantly enriched for the histone 
gene signature identified from RQ-PCR analysis ........................................................................................ 409 
7.2.2 Nucleophosmin 1 mutations are associated with increased histone expression and RNA Pol I 
pathways .................................................................................................................................................... 412 
7.2.3 NPM1 mutations are not associated with very low OA, and occur rarely or not at all in CML 
patients in chronic phase or blast crisis ...................................................................................................... 414 
7.2.4 Low GFI1 expression in TWCs at diagnosis is strongly associated with subsequent blastic 
transformation ........................................................................................................................................... 415 
7.2.5 GFI1 expression in MNCs or CD34+ cells is not associated with CP-CML patient response ........... 419 
7.2.6 GFI1 expression does not correlate with specific cell types within the TWC or MNC populations . 423 
7.2.7 GFI1 expression is consistently decreased in CP-CML patients after TKI therapy .......................... 427 
7.2.8 Low GFI1 expression does not correlate with the GFI136N single nucleotide polymorphism ....... 427 
7.2.9 Increased MLLT4 gene expression is associated with advanced phase CML, but not OCT-1 activity .. 
  ....................................................................................................................................................... 430 

7.3 DISCUSSION .......................................................................................................................441 

7.3.1 NPM1 mutations are not a biomarker for either CP- or BC-CML ................................................... 441 
7.3.2 Diagnostic GFI1 expression is a biomarker for disease progression in CML .................................. 442 
7.3.3 MLLT4 expression is not a biomarker for OA, but is increased in advanced phase CML ............... 444 

8 DISCUSSION ........................................................................................................................................... 447 

8.1 INTRODUCTION ...................................................................................................................448 

8.2 MAJOR FINDINGS ...............................................................................................................449 

8.2.1 Specific cell lineage differences are present between patients with very low OA compared to all 
other patients ............................................................................................................................................. 449 
8.2.2 Decreased T-lymphocyte population in very low OA suggests impaired immune surveillance ..... 451 
8.2.3 FZD6 expression is associated with early molecular response in CP-CML patients ....................... 452 
8.2.4 Up-regulation of histone gene expression is enriched in CP-CML patients with very low OA ........ 453 
8.2.5 Global DNA methylation patterns significantly vary between CP-CML patients with very low OA 
compared to all other patients ................................................................................................................... 454 
8.2.6 Global hypomethylation occurs in CP-CML compared to normal individuals ................................ 455 
8.2.7 Global hypermethylation occurs in BC-CML compared to CP-CML ................................................ 456 
8.2.8 Low diagnostic GFI1 expression is a biomarker for disease progression in TKI-treated CP-CML 
patients ...................................................................................................................................................... 456 
8.2.9 A predictive OA classifier could not be developed to replace the OA assay .................................. 458 

8.3 SUMMARY AND CONCLUSION ................................................................................................461 

APPENDICES ................................................................................................................................................. 464 

APPENDIX 1 PANEL 1 - CELL SURFACE ANTIBODIES USED FOR IMMUNOPHENOTYPING ...........................465 

APPENDIX 2 PANEL 2 - CELL SURFACE ANTIBODIES USED FOR IMMUNOPHENOTYPING ...........................467 

APPENDIX 3 96-WELL PLATE LAYOUT FOR DC PROTEIN ASSAY ..........................................................470 

APPENDIX 4 BCR, B3A2 AND B2A2 RQ-PCR SET-UP TEMPLATE ....................................................471 

APPENDIX 5 96 GENE TLDA PLATE FORMAT FOR VALIDATION OF THE OA MICROARRAY DATA ................472 
vi 



APPENDIX 6 24 GENE TLDA PLATE FORMAT FOR VALIDATION OF THE VERY LOW VERSUS VERY HIGH OA RQ-

PCR SIGNATURE ..........................................................................................................................474 

APPENDIX 7 GENE EXPRESSION LEVELS AND ANNOTATION FOR THE TOP 89 GENES IDENTIFIED FROM THE VERY 

LOW VERSUS VERY HIGH OA MICROARRAY .........................................................................................476 

APPENDIX 8 QUALITY CONTROL ANALYSIS IN MINFI IDENTIFIES SAMPLES WITH ABNORMAL METHYLATION 

PROFILES ...........................................................................................................................479 

APPENDIX 9 THE 6 SAMPLES IDENTIFIED AS ABNORMAL BY QC ALL FAILED AT THE BISULPHITE CONVERSION 

STEP ...........................................................................................................................480 

APPENDIX 10 CORRELATION BETWEEN SNP ALLELE FREQUENCY AND DNA METHYLATION LEVELS FOR 5 SNP-

CPGS  ........................................................................................................................481 

APPENDIX 11 GENESCAN ANALYSIS OF CP-CML PATIENTS TO IDENTIFY NPM1 MUTATIONS .................483 

PUBLICATIONS ARISING FROM THIS THESIS .................................................................................................. 484 

REFERENCES ................................................................................................................................................. 494 

 

  

vii 



 

ABSTRACT 

The introduction of tyrosine kinase inhibitor (TKI) therapy, specifically imatinib, has 

dramatically improved the treatment outcome for the majority of chronic phase chronic 

myeloid leukaemia (CP-CML) patients. Although most patients will achieve excellent clinical 

(haematological, cytogenetic and molecular) responses on imatinib, it is clear that a subset 

of patients will respond poorly, or fail imatinib therapy. Currently, up to 35% of patients 

treated with imatinib fit into this subset, displaying either primary or acquired resistance, 

leading to sub-optimal response or imatinib failure. The organic cation transport-1 (OCT-1) 

protein is the major active protein involved in imatinib transport. Measuring the function of 

OCT-1 in leukaemic mononuclear cells prior to imatinib therapy, expressed as OCT-1 activity 

(OA), has been demonstrated to be a strong prognostic indicator. Notably, low OA is strongly 

associated with patients at significant risk of poor molecular response, mutation 

development and leukaemic transformation during imatinib therapy. It is important to 

therefore determine what factors underlie the range of OA levels observed in CP-CML 

patients, and whether patients with very low OA and poor response to imatinib have 

different overall disease characteristics associated with alternative biological mechanisms.  

 

The present study sought to 1) determine the variation in CP-CML patient 

immunophenotype at diagnosis, in relation to patient characteristics, including OA; 2) 

determine the gene expression patterns associated with OA, and identify new biomarkers 

for CP-CML; and 3) determine the global DNA methylation profile of CP-CML, with particular 

focus on very low OA, and ascertain whether aberrant epigenetic programming may underlie 

poor imatinib response. Specific lineage differences were identified, with patients defined as 

very low OA associated with a decreased T-lymphocyte signature, compared to very high OA. 

Furthermore, an up-regulated histone gene signature associated with very low OA was 

viii 



 

identified. Gene expression analysis also identified GFI1 as a novel biomarker for progression 

in CP-CML, as patients with low diagnostic GFI1 expression in their white cells were at 

significant risk of disease transformation to blast crisis (BC), even when receiving TKI 

therapy. Additionally, significant differences in global DNA methylation patterns were 

identified between CP-CML and normal individuals; CP-CML patients with very low OA, 

compared to all other patients; and CP-CML versus BC. Importantly, this is the first report of 

global DNA methylation analysis in CML and identifies that aberrant epigenetic programming 

may have a significantly greater role in CML than originally first thought. 

 

In conclusion, the findings detailed in this thesis provide further insight into the 

heterogeneity of CP-CML, and to a lesser extent OA. Additionally, a greater understanding of 

the possible factors influencing OA determination is presented, along with a new biomarker 

(GFI1) for disease progression to blast crisis in de novo CP-CML. Finally, the global DNA 

methylation results may present novel targets and pathways responsible for poor TKI 

response that will assist in developing new therapeutic strategies for de novo CP-CML 

patients, involving combination therapy to enhance patient outcome. 
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AML – Acute Myeloid Leukaemia 

AP – Accelerated Phase 

Ara-C – Arabinofuranosyl Cytidine (Cytarabine) 

ATCC – American Type Tissue Culture Collection 

ATP – Adenosine Triphosphate 

BC – Blast Crisis 

BCR – Breakpoint Cluster Region 

BCR-ABL1 – Fusion Gene 

BCR-ABL1 – Fusion mRNA 

Bcr-Abl1 – Fusion Protein 

BH-FDR - Benjamini-Hochberg adjusted FDR 

BM – Bone Marrow 

BMA – Bayesian Model Averaging 
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bp – Base Pair 

BSA – Bovine Serum Albumin 

C – Celcius 

CCyR – Complete Cytogenetic Response (absence of Ph-positive cells as measured by 

classical karyotyping or fluorescence in-situ hybridisation) 

cDNA – Complementary DNA 

CGI – CpG Island 

ChIP – Chromatin Immunoprecipitation  

CHR – Complete Haematological Response (sustained and significant reduction in WBCs to a 

normal range) 

CMA – Classification for Microarrays 

CML – Chronic Myeloid Leukaemia 

CMR – Complete Molecular Response (BCR-ABL1 mRNA levels negative in 2 consecutive 

assays) 

CP – Chronic Phase 

CpG – Cytosine–phosphate–Guanine 

Crkl – C1T10 regulator of kinase like 

Ct – Cycle Threshold 

CTL – Cytotoxic T-Lymphocyte 

DD – Dimerization Domain 

DEPC – Diethylpyrocarbonate 

DMSO – Dimethyl Sulphoxide 

DNA – Deoxyribonucleic Acid 

dNTP - Deoxyribonucleotide 

EDTA – Ethylenediaminetetraacetic Acid 
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EFS – Event-Free Survival 

ELN – European Leukemia-Net 

EMR – Early Molecular Response (3 month BCR-ABL1 mRNA levels < 10%) 

ERK – Extracellular Signal-regulated Kinase 

EUTOS – European Treatment and Outcome Study 

FACS – Fluorescence Activated Cell Sorting 

FC – Fold Change 

FCS – Foetal Calf Serum 

FDA – Food and Drug Administration, United States of America 

FDR – False Discovery Rate 

g – also known as rcf (Relative Centrifugal Force) 

GDP – Guanidine Diphosphate 

GSEA – Gene-Set Enrichment Analysis 

GTP – Guanidine Triphosphate 

h – Hour/s 

HBSS – Hanks Balanced Salt Solution 

HLA – Human Leukocyte Antigen 

HPC – Haematopoietic Progenitor Cell 

HSC/s – Haematopoietic Stem Cell/s 

HTqPCR – High-Throughput Quantitative PCR 

IC50 – 50% Inhibitory Concentration 

IFN-α – Interferon-α 

IUR – Intracellular Uptake and Retention 

kD – Kilo Dalton 

KD – Kinase Domain 
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L – Litre/s 

LIMMA – Linear Models for Microarray Data 

LSC/s – Leukaemic Stem Cell/s 

M – Molar 

M-bcr – Major Breakpoint Cluster Region 

m-bcr – Minor Breakpoint Cluster Region 

MAP – Mitogen-Activated Protein 

MCyR – Major Cytogenetic Response (> 35% Ph+ metaphases) 

MDR – Multi-Drug Resistance 

MDS – Multi-Dimensional Scaling 

MeV – Multi-Experiment Viewer 

MFI – Mean Fluorescence Intensity 

mg – milligram/s 

min – Minutes/s 

mL – Millilitre/s 

mM – Millimolar 

MMR – Major Molecular Response (BCR-ABL1 mRNA levels < 0.1%) 

MNC/s – Mononuclear Cell/s 

MQ – Milli-Q 

mRNA – Messenger RNA 

MSigDB – Molecular Signatures Database 

MW – Molecular Weight 

ND – Not Determined 

ng – Nanogram/s 

NLS – Nuclear Localisation Signal 
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nM – Nanomolar 

OA – OCT-1 Activity 

OCT-1 – Organic Cation Transporter 1 

OS – Overall Survival 

p- – Phosphorylated Form of Protein 

P-loop – Nucleotide Binding Loop 

P-value – Probability Value 

PAM – Prediction Analysis for Microarrays 

PB – Peripheral Blood 

PBS – Phosphate Buffered Saline 

PFS – Progression-Free Survival 

Ph – Philadelphia Chromosome 

PI-3K – Phosphoinositide 3-Kinase 

PMNC/s – Polymorphonuclear Cell/s 

PVDF – Polyvinylidene Difluoride 

QC – Quality Control 

RIPA – Radioimmunoprecipitation Buffer 

RMA – Robust Multi-Array Averaging 

RNA – Ribonucleic Acid 

RO – Reverse Osmosis 

ROC – Receiver Operating Characteristic 

RPMI – Roswell Park Memorial Institute (media) 

RQ-PCR – Quantitative Reverse Transcription-Polymerase Chain Reaction 

SD – Standard Deviation 

SDS-PAGE – Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis 
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sec – second/s 

SEM – Standard Error of the Mean 

SH – Src-Homology Region  

SNP/s – Single Nucleotide Polymorphism/s 

STAT – Signal Transducer and Activation of Transcription 

SWAN – Subset-Quantile Within Array Normalisation 

TBS – Tris Buffered Saline 

TBST – Tris Buffered Saline +Tween®20 

TF – Transcription factor 

TFS – Transformation-Free Survival 

TGA – Therapeutic Goods Administration, Australia 

TKI/s – Tyrosine Kinase Inhibitor/s 

TLDA – TaqMan® Low Density Array 

TMDs – Transmembrane Domains 

TSS – Transcription Start Site 

TWC/s – Total White Cell/s 

U/mL – Units Per Millilitre 

UTR – Untranslated Region 

WBC/s – White Blood Cell/s 

WCC – White Cell Count 

WCF – White Cell Fluid 
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CLINICAL TRIALS REFERRED TO IN THIS THESIS 

ALLG TIDEL II (CML9) 

A Phase II study in adult patients with newly-diagnosed chronic phase, chronic myeloid 

leukaemia of initial intensified imatinib therapy, and sequential dose-escalation followed by 

treatment with nilotinib in suboptimal responders to determine the rate and duration of 

major molecular response. 

Official Title: Australasian Leukaemia and Lymphoma Group (ALLG) Therapeutic 

Intensification in DE-novo Leukaemia (TIDEL) II trial 

Trial ID: ACTRN12607000325404 (http://www.ANZCTR.org.au) 

 

ENESTxtnd 

A Phase III study in adult patients to further investigate the safety and efficacy of nilotinib in 

newly diagnosed chronic myeloid leukaemia patients in the chronic phase. 

Official Title: Extending Molecular Responses With Nilotinib in Newly Diagnosed Chronic 

Myeloid Leukemia (CML) Patients in Chronic Phase (ENESTxtnd) trial 

Trial ID: NCT01254188 (http://www.clinicaltrials.gov) 

 

IRIS 

A prospective, multi-centre, open-label, randomised Phase III study in adult patients with 

newly diagnosed chronic-phase chronic myeloid leukaemia to compare the effectiveness of 

imatinib (STI571) with that of Interferon-α plus low-dose Cytarabine (Ara-C). 

Official Title: International Randomised Study of Interferon and STI571 (IRIS) trial 

Trial ID: NCT00006343 (http://www.clinicaltrials.gov) 
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