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Abstract

Chronic myeloid leukaemia (CML) is characterised by the presence of Ber-Abl tyrosine kinase. Tyrosine
kinase inhibitors (TKIs), such as imatinib, and more recently nilotinib and dasatinib, act by specifically
binding to the Bcr-Abl kinase domain. The advent of TKls resulted in significantly improved treatment
outcomes for the majority of patients with CML. However, the focus is now customised treatment
regimes employing drug combinations to reduce resistance development and maximise treatment
outcomes. The present study investigated the interaction of nilotinib with efflux transporters and 1)
assessed how concomitant administration of additional drugs may enhance the effects of nilotinib in
patients and 2) how altered expression or inhibition of these transporters affected nilotinib transport and
function. Secondly, in vitro cell line models of nilotinib resistance were generated in order to replicate

modes of nilotinib resistance in vivo.

The reported relationship between nilotinib and efflux transporters ABCB1 and ABCG2 is conflicting and
nilotinib has previously been reported to inhibit the function of OCT-1. Thus, in order to resolve
conjecture, a novel approach was employed to determine the effect of ABCB1/ABCG2 inhibition on
nilotinib-mediated Bcr-Abl kinase inhibition. Results demonstrated ABCB1-mediated nilotinib transport
was concentration dependent: transport of nilotinib occurred at low concentrations whereas inhibition of
both ABCB1 and ABCG2 occurred at high nilotinib concentrations. Additionally, data demonstrated
nilotinib had no inhibitory effect on the functional activity of OCT-1 but may reduce intracellular imatinib

concentrations by impairing passive influx.

Ber-Abl dependent modes of resistance relating to kinase domain mutations and Bcr-Abl overexpression
are well documented. The mechanisms underlying Lyn-mediated resistance however, require further
investigation and Ber-Abl-independent resistance is even more poorly understood. Accordingly, in vitro

cell line models of nilotinib resistance were developed. ABCB1 overexpression was consistently



demonstrated as the initiator of nilotinib resistance in all cell lines, however, both Ber-Abl dependent and
Ber-Abl independent resistance mechanisms were subsequently observed. These results suggest
determination of ABCB1 expression levels at diagnosis and 3 months post-therapy, for example, may
predict resistance in patients. Furthermore, this is the first reported nilotinib resistant, genuine Bcr-Abl
independent cell line model and may provide insight into unexplained TKI resistance observed in

patients.

Additionally, both nilotinib resistant cell lines demonstrated ABCC6 overexpression suggesting this
transporter may play a role in nilotinib resistance in vitro. Further investigation in patient mononuclear
cells confirmed nilotinib as a likely substrate of ABCC6. This is the first report of ABCC6 involvement in
nilotinib transport and concomitant administration of ABCC6 inhibitors may present an attractive option

to enhance TKiI efficacy and prevent resistance.

Findings detailed in this thesis may assist in developing new therapeutic strategies using TKIs in
combination with other medications in order to enhance the intracellular concentrations of TKI.
Additionally, further insight into the modes of resistance to nilotinib, as well as the kinetics of resistance
emergence, may assist in identifying patients at risk of developing resistance to TKls. Finally,
ABCB1/ABCC6 mRNA expression levels in de novo CML patients at diagnosis may present a novel

technique for predicting response to nilotinib at 12 months.
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GM-CSFR - Granulocyte Macrophage Colony-Stimulating Factor Receptor
h — Hour/s

HBSS - Hanks Balanced Salt Solution

IC50 - Inhibitory Concentration 50

IFN — Interferon

IM — Imatinib

IUR - Intracellular Uptake and Retention
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kD — Kilo Daltons

KD - Kinase Domain

L — Litre/s

M - Molar

MDR - Multidrug Resistance Protein
MFI — Mean Fluorescence Intensity
mg — milligram/s

min — Minutes/s

mL — Millilitre/s

mM — Millimolar

MMR - Major Molecular Response
MNC/s — Mononuclear Cell/s

MQ - Milli-Q

mRNA — messenger RNA

MRP - Multidrug Resistance-Associated Protein
MSR - Membrane Spanning Region
MTX - Methotrexate

MW — Molecular Weight

ND — Not Determined

NEG - Negative Expression Levels
ng — Nanogram/s

NIL — Nilotinib

nM — Nanomolar

OCT-1 - Organic Cation Transporter 1

p- — Phosphorylated Form of Protein
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PAGE - Polyacrylamide Gel Electrophoresis
PB - Peripheral Blood

PBMNC/s — Peripheral Blood Mononuclear Cell/s
PBS - Phosphate Buffered Saline

PDGFR - Platelet-Derived Growth Factor Receptor
PE - Phycoerythrin

P-gp — P-Glycoprotein

Ph — Philadelphia Chromosome

Pi - Inorganic Phosphate

PON - Ponatinib

PP - Pantoprazole

PPI/s — Proton Pump Inhibitor/s

PSC - PSC-833

p-value — Probability Value

PVDF - Polyvinylidene Difluoride

rcf — Relative Centrifugal Force

rho-123 — Rhodamine-123

RNA - Ribonucleic Acid

RO - Reverse Osmosis

RQ-PCR - Real Time Quantitative PCR

SD - Standard Deviation

SDS - Sodium Dodecyl Sulphate

sec — second/s

SEM - Standard Error of the Mean

SFK/s — Src Family Kinase/s
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SH1/SH2/SH3 - Src Homology Region 1/2/3
S/N - Supernatant

Syk — Spleen Tyrosine Kinase

TBS - Tris Buffered Saline

TBST - Tris Buffered Saline +Tween®20
TKI/s — Tyrosine Kinase Inhibitor/s

TEA - Tetraethylammonium Bromide

TMD - Transmembrane Domain

U/mL — Units Per Millilitre

ver — Verapamil

WCF — White Cell Fluid
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