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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 TKIs 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 Ber-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 TKls 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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1.1.  Chronic Myeloid Leukaemia (CML)

1.1.1. Philadelphia Chromosome - the Hallmark of CML

CML is a malignant disorder of blood stem cells which is characterised by the presence of the
Philadelphia (Ph) chromosome. This small chromosome was first discovered in 1960 by Peter Nowell
and David Hungerford. Using a modified method of air-drying metaphase cells cultured on glass' this
group identified a minute, y-independent chromosome present in all seven cases of CML studied.
Interestingly, in most cases, cells possessing normal karyotypes were also observed?3. Concurrent
research by a second group confirmed the presence of a CML-specific chromosomal abnormality in
cells originating from the bone marrow*. Thirteen years after the discovery of the Ph chromosome,
Janet Rowely successfully demonstrated the abnormality was due to a reciprocal translocation between
the long arms of chromosomes 9 and 225. This balanced translocation results in a fusion oncogene on
the Ph chromosome comprising the ABL gene from chromosome 9 and the BCR gene from

chromosome 226-,

1.1.2. The BCR-ABL Fusion Gene gives rise to the Ber-Abl Oncoprotein
CML comprises approximately one fifth (15-20%) of all leukaemia diagnosed, however it affects a very
small percentage of the world’s population (249 people/year in Australia). It can affect people from all

age groups with the median age of disease onset occurring in the sixth decade®.

The cytogenetic hallmark of CML is the BCR-ABL fusion gene and the resultant Bcr-Abl protein
(breakpoint cluster region-Abelson)'0, has constitutively active tyrosine kinase activity. While all CML
breakpoints occur within this region'?, the specific point of chromosome breakage differs between CML
individuals hence varying sizes of BCR are translocated to ABL'2. This results in the inclusion or
exclusion of differing exons and the formation of one of four characteristic junctions: e1a2, e13a2,

e14a2 or e19a2 (Figure 1.1). The specific region in which the breakpoint occurs determines the size of
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Figure 1.1: Schematic representation of the BCR-ABL oncogene (modified from Melo et al*3)

Exons are represented by coloured boxes with introns depicted as horizontal lines. The possible
breakpoints in ABL are denoted by black arrows and although there are several points at which
breakage can occur, processing of the transcript results in mRNA of the a2 portion only. The
breakpoints in BCR occur in three breakpoint cluster regions: m-bcr, M-ber and y-ber. The length of the
Ber-Abl fusion protein is dependent on where the breakpoints occur. Breaks within m-ber result in
fusion proteins with an e1a2 junction. Breaks within M-bcr result in either e13a2 or e14a2 junctions

while breaks in y-ber form fusion proteins with e19a2 junctions.
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Ber-Abl, with the 210 kDa p210BCR-ABL variant most commonly occurring in CML (Figure 1.2).
Interestingly, BCR-ABL is not found exclusively in CML individuals and may be present in other

leukaemias such as Ph+ Acute Lymphoblastic Leukaemia (ALL)-18.

1.1.3. p210BCR-ABL _ jts Role in CML Pathogenesis is due to Increased Tyrosine Kinase
Activity
Early in vitro experiments in haematopoietic cell lines demonstrated that p210BCR-ABL is both necessary
and sufficient for the transformation of bone marrow derived cell lines to lymphoid leukaemic cells'9-20,
This theory was later extended when Daley et al showed that the presence of p210BCRABL induced a
CML-like disease in mice?! with characteristic splenomegaly and grossly expanded granulocyte
population?'22, a result confirmed by others2324,  p210BCRABL plays such a critical role in the
pathogenesis of CML because of the constitutively active tyrosine kinase it encodes'9.2527,  Under
normal conditions, the Abl protein’s nuclear localization and nuclear export signal domains allow
migration between nucleus and cytoplasm. However, fusion of BCR to ABL renders the resultant
protein confined to the cytoplasm?7.28, Here it disrupts numerous signalling pathways critical for normal
cellular homeostasis. BCR-ABL has been shown to aberrantly affect cellular signalling via activation of
the Ras-ERK, PI3-K/Akt and JAK-STAT pathways?? (Figure 1.3). The increased tyrosine kinase activity
leads to unrestricted phosphorylation of tyrosine residues on proteins found in these signal transduction
pathways which govern cell proliferation and survival, specifically, growth factor independence and
reduced susceptibility to apoptosis®®. Under normal conditions, the Ras pathway reduces cellular
proliferation and induces apoptosis, however, in the presence of Bcr-Abl, apoptosis is decreased
resulting in accumulation of cells associated with CML3132, The PI3-K/Akt pathway is also affected, as
Ber-Abl indirectly activates PI13-K33, inducing an Akt signalling cascade leading to the phosphorylation
and subsequent activation of other apoptosis related proteins, again reducing apoptosis34. Furthermore,

Ber-Abl activates the anti-apoptotic JAK-STAT signalling pathway via directly phosphorylating STAT
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Figure 1.2: Schematic representation of the three major isoforms of the Bcr-Abl oncoprotein
(modified from Melo et al'?)

The reciprocal translocation of BCR and ABL genes results in the BCR-ABL oncogene. Upon
processing, different splicing events give rise to Bcr-Abl proteins of differing lengths and intrinsic
tyrosine kinase activity®. These Bcr-Abl oncoproteins can consist of three forms depending on where
the BCR breakpoint occurred: breakages in the m-bcr breakpoint region result in the 190 kDa protein
p190BCRABL which is associated with Ph*ALL'517.18, Breakages in M-bcr result in the most common
protein p210BCR-ABL associated with CML, while breakages in u-bcr result in the largest protein, the 230

kDa p230BCR-ABL which is associated with chronic neutrophilic leukaemia’418,
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Figure 1.3: Schematic diagram of BCR-ABL signal transduction pathways (Goldman and Melo3f)

Signalling pathways governing cell proliferation and survival are aberrantly activated by BCR-ABL. Key
pathways (GREEN) include the RAS pathway, the PI-3 kinase pathway and the JAK-STAT pathway. In
most instances, BCR-ABL binds to various adaptor proteins (BLUE) causing phosphorylation of specific

residues (P) and subsequent activation.
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proteins3437.38 - specifically, phosphorylation of Stat5 in BCR-ABL expressing cells results in the
activation of the anti-apoptotic protein BCLX/3%. Thus, under the control of Bcr-Abl, and in the
subsequent absence of stringent signalling pathway regulation, the myeloid cell population rapidly

expands.

However, Ber-Abl does not only have an effect on cellular signalling, it may also aid the survival of
leukaemic cells by influencing cell cycle regulation. CML progenitors appear to cycle more rapidly than
their normal counterparts, thus maintaining the primitive population of leukaemic stem cells®40-43, This
phenomenon, coupled with reduced apoptosis344 results in leukaemic cells rapidly becoming the

dominant cell population.

There is also evidence, from both haematopoietic cell lines as well as CML patients, that Ber-Abl causes
significant post-transcriptional down-regulation of protein complexes involved in DNA repairt® and
surveillance of genome integrity*6-48, This leads to increased rates of mutation which, when coupled
with Ber-Abl’s ability to increase proliferation and reduce apoptosis, results in the survival and replication

of cells carrying multiple mutations that further drive the population’s expansion?®.

1.1.4. The Haematological Events Associated with Different Phases of CML

CML is tri-phasic in nature consisting of the chronic phase (CP) which, untreated, typically lasts three to
six years; the accelerated phase (AP) lasts three to twelve months while the terminal blast crisis (BC)
stage generally lasts only a few months before fatal complications develop94250 (Figure 1.4). CP CML
is characterised by a massive expansion of the granulocyte population of cellsS'. The myeloid cells
retain their ability to differentiate and thus mature normally but due to their growth advantage become
the predominant cell population in the bone marrow (BM) and peripheral blood2. Transition to AP is

marked by an increase in undifferentiated, precursor cells accompanied by resistance to treatment9.52,
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Figure 1.4: Schematic diagram of disease progression in CML

In chronic phase there is a massive expansion of mature granulocytes, mostly neutrophils, basophils
and eosinophils. Accelerated phase is marked by an increase in undifferentiated precursor cells. Fatal
blast crisis is more representative of an acute leukaemia with a rapid expansion of the immature blast

cell population.
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Clinically, AP presents with 10-19% myeloblasts in the blood or BM or >20% basophils in BM. The
onset of fatal BC results in a substantial and rapid elevation of the number of undifferentiated blast
cells®253 and more closely resembles an acute leukaemia with >30% blasts in the blood or BM. BC

manifests as either myeloid or lymphoid depending on the immunophenotype of the blasts*.

1.2.  Tyrosine Kinase Inhibitors (TKIls)

1.2.1. Development of Imatinib by Novartis Pharmaceuticals

In the late 1980’s chemists at Ciba Geigy (now Novartis Pharmaceuticals) began investigating
compounds with inhibitory activity against Abl tyrosine kinases. Imatinib mesylate (formerly CGP57148;
STI571, Glivec; Figure 1.5), acts by competing with ATP for the ATP-binding pocket present in the Ber-
Abl kinase domain (KD)>* and was found to inhibit proliferation of the Abl tyrosine kinases Bcr-Abl, c-abl
and v-abl in cell lines, with 1C50 values in the low micromolar range®-%7. Imatinib also has activity
against platelet-derived growth factor receptor (PDGFR), c-kit5859, ¢c-fms0 and ARG6' as well as the
fusion proteins TEL-Abl and TEL-PDGFR%6 without affecting other kinases. Elucidation of the crystal
structure of the c-abl-imatinib binding complex revealed that imatinib competitively binds to the inactive
conformation of Ber- Abl preventing ATP from binding and ‘freezing’ the kinase in this inactive form 6263,

Following promising results both in vitro57.6465 and in vivo%57 imatinib entered Phase | clinical trials.

1.2.2. The Establishment of Imatinib Efficacy in Human CML Patients: Phase |, Il and llI
Clinical Trials

Early experiments in nude mice, investigating the in vivo pharmacokinetic inhibition profile of imatinib,

demonstrated the need for continuous kinase inhibition®. Phase | dose-escalating studies determined

the maximally tolerated dose in CP CML patients who had failed previous treatment with interferon

(IFN)87. No maximally tolerated dose was identified with the most common side effects being nausea,

edema, diarrhoea and fatigue with thrombocytopenia and neutropenia in those patients receiving higher
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Figure 1.5: The chemical structure of imatinib (modified from Melo et al6?)

Following identification of compounds with inhibitory activity against protein kinases, researchers at Ciba
Geigy (now Novartis Pharmaceuticals) increased specificity via the addition of a benzamide group
(BLUE) and improved solubility and bioavailability via adding the N-methylpiperazine (RED) group®®.
The resultant molecule, later labelled imatinib, had high specificity for Abl kinase-expressing cells and

entered clinical trials for the treatment of CML.
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doses®’. These promising results led to expansion of the study to patients with BC CML and relapsed
Ph+ ALL7 and established the efficacy of imatinib in patients with all phases of disease. Phase Il trials
confirmed results seen in Phase 1774, while results from the highly successful Phase I IRIS trial?>-
"T(International Randomized Study of Interferon and STI571) led to approval by the Food and Drug
Administration (FDA) in 2001, for the use of imatinib as first line therapy in the treatment of patients with
all phases of de novo CML as well as Ph* ALL and CML patients who had previously failed IFN

therapy’®.

1.2.3. Dasatinib is Over 300 Times More Potent than Imatinib

Second generation TKls were developed to combat the emergence of imatinib resistant KD mutations
and were vastly more effective than imatinib at neutralising Ber-Abl due to the much greater affinity with
which they bound the KD. The first of these compounds, dasatinib (BMS-354825, Sprycel), was
developed by Bristol Myers Squibb and functions as a dual ABL/Src kinase inhibitor’®.80 with a potency
~325 fold greater than that of imatinib against leukaemic cells expressing wild-type Bcr-Abl! (Figure
1.6). Experimental evidence from crystallographic structures*382 and solution conformations of the KD-
dasatinib complex8? indicate dasatinib binds the active conformation of Ber-Abl. Because the active
conformation has less stringent binding requirements than the inactive conformation to which imatinib
binds, dasatinib is active against many imatinib resistant KD mutations tested in vitro8183. Interactions
between dasatinib and the highly conserved P-loop region of the Ber-Abl KD (detailed further in Section
1.3.2) are not as critical as for imatinib, further explaining dasatinib’s superior activity profile. One
notable exception is the T315] mutation, necessary for the formation of a critical hydrogen bond
between dasatinib and Bcr-Abl KD3. A follow up in vivo murine model of disease confirmed in vitro
results® while clinical trials showed dasatinib exhibits superior responses to imatinib as both a first line
treatment in CP CML34 as well as being a safe and effective treatment option for all phases of CML in

patients who have failed first line imatinib therapy85-90,

-11-
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Figure 1.6: The chemical structure of dasatinib (modified from Melo et al6?)
Dasatinib binds to and inhibits the active conformation of the Bcr-Abl KD, Src family kinases including

Src, Hek, Lyn, Fyn as well as c-kit and PDGF receptor 91,
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Chapter One - Introduction

1.2.4. Nilotinib is at Least 20 Times More Potent than Imatinib

Novartis Pharmaceuticals developed nilotinib (AMN107, Tasigna) based on the crystal structure of the
imatinib-KD complex. Nilotinib is an imatinib derivative and was designed to bind to the Ber-Abl KD with
significantly greater affinity, while still binding the inactive conformation8292, via the alteration of
particular side groups present on the imatinib molecule® (Figure 1.7). These side groups give nilotinib
a much greater potency than imatinib whilst reducing the number of hydrogen bonds needed for
effective engagement of the KD binding pocket®2. Experimentation in vitro found that nilotinib’s
antiproliferative activity was up to 60 times greater than that of imatinib when used to inhibit imatinib-
sensitive cell lines, and at least 20 times greater in imatinib-resistant cell lines (T315] mutation
excluded)®2%, Nilotinib also has significant anti-proliferative activity against many imatinib-resistant
mutations studied in vitro8':92 with subsequent in vivo testing confirming these results®2. The ensuing
clinical trials determined nilotinib had a significantly favourable rate of response, disease free
progression and overall survival when used to treat patients with many imatinib resistant mutations8.95-
100, As such, nilotinib received FDA approval in 2011 for use in CP CML patients as a front line therapy

option as well as in CP and AP individuals who have failed first line imatinib therapy'0'.

1.3. Resistance to TKls can be Attributed to Numerous Factors

1.3.1. Primary and Secondary Resistance

The use of TKls has resulted in excellent responses in the majority of CML patients. However, an
estimated 20-40% of patients treated with first line imatinib therapy will exhibit primary or secondary
resistance02.103, Primary resistance occurs when a patient fails to achieve a landmark response in a
certain time frame'04, whereas secondary resistance occurs when a previously responsive patient loses
response to treatment; progression to a more advanced stage of the disease may also occurt®195, More
recently, resistance to the second generation TKls has also been observed. Acquired resistance to

TKls has been investigated in cells lines as well as cells from CML and Ph* ALL patients, and most

-13 -
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Figure 1.7: The chemical structure of nilotinib (modified from Melo et al®8)

Nilotinib binds the inactive conformation of the Ber-Abl KD, as does imatinib, and while the two TKls are
structurally similar, nilotinib differs in the substitution of the piperazine ring with a trifluoromethyl/
imidazole phenyl moiety (GREEN/ ) which results in a much greater potency and better

topological fit of nilotinib into the KD binding pocket®2.
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commonly occurs due to mutation of the Ber-Abl KD16-110 and amplification of BCR-ABL107-109.111-113 gt
both the genomic and transcript levels. However, resistance to TKls is a multifactorial process with
reductions in bioavailability likely to be a key component of resistance development. Because TKls are
administered orally, variations in gastrointestinal absorption, increased metabolism by the liver and
increased sequestration by a1 acid glycoprotein in the plasma have all been attributed to reduced TKI
concentrations which may lead to resistance!'4. Resistance may also develop due to events occurring
at the cellular level: alterations in expression of cellular proteins can reduce intracellular TKI
concentrations as well as activate alternative signalling pathways governing proliferation and survival.
Increased expression of drug efflux transporters such as ABCB1 and ABCG2 has been observed during
development of resistance in vitro107.111.115-118: overexpression of Src and other tyrosine kinases!16.119-128
have been observed in imatinib and nilotinib resistant cells; and Bcr-Abl independent mechanisms of

resistance'? have also been described (Figure 1.8).

1.3.2. Mutations to the Bcr-Abl Kinase Domain Prevent TKI Binding

Because TKIs bind to the Ber-Abl KD, interacting in a highly specific manner with a small number of
amino acidsb263, mutations to the KD can either sterically hinder this interaction or prevent the kinase
from adopting the conformation necessary for effective TKI binding. Sequencing BCR-ABL from
patients with secondary imatinib resistance demonstrated that these mutations occur in four distinct
clusters within the KD: the ATP-binding (P-) loop, at amino acids T315 and M351 (the catalytic domain)
and at the activation (A-) loop108.131-133 (Figure 1.9). Importantly, with the exception of the T315I
‘gatekeeper’ mutation, the KD mutation profiles for nilotinib and dasatinib are distinct, thus allowing
patients who develop a KD mutation while on imatinib therapy the option of subsequent treatment with

an alternative second generation TKI (Figure 1.10).

-15-
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Figure 1.8: Mechanisms of TKI resistance (Apperley'%)

Reduced oral bioavailability, caused by poor compliance, reduced gastrointestinal absorption, increased
drug metabolism or binding of TKI by a1 acid glycoprotein in the plasma can lead to lowered
concentrations of TKls available for inhibition of leukaemic cell proliferation. This can result in acquired
resistance to TKls which most commonly occurs due to mutation of the Ber-Abl KD and amplification of
BCR-ABL. However, resistance has also been attributed to increased expression of drug efflux
transporters, overexpression of Src and other tyrosine kinases, and more recently, Ber-Abl independent

mechanisms of resistance.
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Figure 1.9: The crystal structure of the Bcr-Abl KD with imatinib and common mutations
superimposed (modified from Schindler et al%)

Following elucidation of Abl's crystal structure83 (shown here in complex with imatinib ( ), point
mutations detected in patients were assigned to regions of Bcr-Abl. The seven most common mutations
conferring imatinib resistance, depicted in RED, cluster in four distinct regions of the KD: P-loop
( ) mutations (G250, Y253, E255) affect the induced fit conformation required for satisfactory
imatinib binding'36. Mutations to amino acid T315 abrogate binding of imatinib to Ber-Abl via disruption
of a critical hydrogen bond®. Mutations altering amino acids in the catalytic domain (M351, F359) and
the A-loop (GREEN; H396), prevent Ber-Abl from adopting the inactive confirmation necessary for

effective imatinib binding®.137,
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Figure 1.10: The crystal structure of the Ber-Abl KD with nilotinib and dasatinib and common
mutations superimposed (used with permission from Susan Branford)

Nilotinib ( ) binds the inactive conformation of Ber-Abl while dasatinib (PURPLE) binds the active
conformation. The most common mutations conferring resistance to each of the TKIls are depicted in
RED, and with the exception of the T315] mutation, nilotinib and dasatinib have unique mutation

profiles.
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1.3.3. BCR-ABL Over-Expression

Amplification of the BCR-ABL gene, as well as increased expression of Bcr-Abl mRNA transcript, have
been demonstrated in both cell lines'07.111.112 and patient cells?08.109.113 resistant to TKls. It has been
hypothesised that an increase in BCR-ABL may function as an initial resistance mechanism
destabilising the leukaemic cell, thus rendering it susceptible to further damage including KD mutations.
Indeed, we have observed overexpression of Ber-Abl prior to emergence of KD mutations in cell lines
resistant to imatinib or dasatinib'@. This phenomenon has also been noted by others in BC patient
cells'®@ and cell lines'34. Conversely, a study in patient progenitor cells, suggests that while increased
levels of Ber-Abl result in increased proliferation and anti-apoptotic signalling, there is no direct effect on

imatinib resistance’35, however, evidence for the former notion exceeds that of the latter.

1.3.4. Altered Expression of Drug Efflux Transporters

There is mounting in vitro evidence that increased expression of the multidrug resistance protein 1
(MDR1, ABCB1), a cellular efflux pump, leads to decreased intracellular concentrations of imatinib and
hence, it has been a suggested mechanism of imatinib resistance. Over-expression of ABCB1 in cell
lines resulted in decreased intracellular availability and concentration of imatinib in vitro107.111.115,118,138-
140, Furthermore, increased ABCB1 expression has been observed during development of imatinib
resistance in Bcr-Abl positive cell lines'07.111, However, some conflicting results have been reported
with two other studies concluding ABCB1 overexpression confers only minimal resistance to
imatinib141.142, One possible explanation for this is the large variation in intrinsic imatinib sensitivity of
the cell lines utilised in each study. Further confounding this issue is the fact that ABCB1
overexpression was not observed upon analysis of primary BC patient cells'?, although the cohort
examined was extremely small. Additionally, neither up-regulation of MDR1 gene nor protein
expression was observed in a follow-up in vivo study'3. The contentious nature of these observations

remains when MDR1 expression at the blood brain barrier is taken into consideration. In vivo
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experiments have demonstrated that mdria/b (-/-) knockout mice have greater CNS penetration of
imatinib when compared with their wildtype counterparts'#4145 thus lending further weight to the

argument for over-expression of MDR1 influencing imatinib resistance.

A further study has suggested that over-expression of another common efflux pump, the breast cancer
resistance protein (BCRP, ABCG2), can facilitate imatinib resistance in cell lines expressing this
transporter'46, These results further support the notion that drug transporters affect imatinib resistance.
In addition to over-expression of efflux transporters, altered expression of the human Organic Cation
Transporter 1 (OCT-1) — the major imatinib influx transporter'¥” — has also been implicated in imatinib
resistance. It has previously been demonstrated that OCT-1 expression is predictive of patient
outcome, where those patients with high OCT-1 expression achieve superior imatinib-treatment
outcomes'8 and those with low levels of OCT-1 expression respond poorly to treatment!4%. However,
our laboratory has shown that OCT-1 activity, rather than expression, is a strong determinant for patient
response’®0-152, Patients with low OCT-1 activity fail to achieve treatment milestones, have significantly
lower overall survival, as well as event-free survival, and also have a greater chance of developing KD
mutations'!. Thus, while there is consensus for influx of imatinib by OCT-1 and efflux by MDR1, less is
known about the interactions of the second generation TKls with cellular transporters. Recent in vitro
data has highlighted the importance of drug transporters in the efflux of nilotinib from leukemic cells!5-
155 with one study postulating overexpression of MDR1 may contribute to nilotinib resistance!'®.
However, reports are conflicting, and the TKl:transporter interactions complicated, hence additional

investigations are warranted and further explored and discussed in this thesis (Chapter 4).

1.3.5. Over-Expression of Src Family Kinases and other Tyrosine Kinases

The Src family of non-receptor tyrosine kinases consists of the following nine members: Blk, Fgr, Fyn,

Hck, Lck, Lyn, Src, Yes and Yrk'6, Hck and Lyn have been shown to interact with and phosphorylate
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Ber-Abl and have thus been postulated to play a role in Ber-Abl driven leukaemogenesis'®’-159,  More
recently it has been suggested that active Hck, Lyn and Fyn are all capable of phosphorylating Ber-Abl
at the SH3-SH2 region of Abl and in doing so hold the kinase domain in its active conformation23.160,
Increased phosphorylation of Hck and Lyn, as well as overexpression at the mRNA and protein levels,
have previously been implicated in resistance to imatinib, nilotinib and dasatinib. Increased expression
and activation of Hck and Lyn have been observed in imatinib resistant cell lines!20.121,123125,128 gnd
those patients who have failed imatinib!21.123125.161 and dasatinib therapy®!. More recently, increased
Lyn phosphorylation'22.124 and overexpression of Lyn mRNA and protein have also been suggested as a

resistance mechanism to nilotinib in both patients'6 and cell lines'16.122,

AXL is a receptor tyrosine kinase that was originally identified in myeloid leukaemia cells'®2 and
overexpression of mRNA and protein, as well as increased phosphorylation, have been observed in
nilotinib resistant patients'? and cell lines'19.126.127, Immunoprecipitation assays have recently
suggested AXL belongs to a ternary complex with Lyn and Syk which undergoes increased tyrosine

phosphorylation in nilotinib resistant cells'25.

A third family of proteins, the Cbl ubiquitin ligases, of which c-Cbl is a member, were originally
implicated in acute myeloid leukaemia pathogenesis'63.164, ¢-Cbl has been demonstrated to interact
with Abl85 as well as Fyn, Syk'8® and Hck'®’, and recently the role of c-Cbl in CML has been
investigated yielding preliminary evidence for its involvement in Lyn- and Axl-mediated nilotinib

resistance’68.

1.3.6. Direct Versus Indirect Resistance

a1 acid glycoprotein (AGP), a plasma protein, has previously been demonstrated to tightly bind imatinib

thus reducing the concentration of drug available for dissemination to the tissues where it exerts its
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activity!"4,  Co-administration of compounds that compete with imatinib for AGP binding, significantly
reduce in vitro cell proliferation and in vivo disease progression''* however, it is unlikely AGP is directly
responsible for imatinib resistance’®. Instead, AGP most likely lowers the concentration of imatinib
available to leukaemic cells leading to inadequate growth inhibition, disease progression and the
emergence of additional mutations which render the patient imatinib-resistant'14.169, AGP may also play
a pivotal role in determining intracellular TKI concentrations. This is particularly evident in the case of
nilotinib where, despite its increased potency, this TKI fails to achieve sufficiently high intracellular levels
to overcome mutations predicted to be sensitive to this agent. Current nilotinib dosing regimens
produce plasma concentrations between 2 uM and 4 pM (steady state trough and peak levels
respectively)'’0. However, these levels do not appear to correlate with intracellular drug concentrations
given that clinical studies show nilotinib resistant patients harbour mutations'* with 1C50 values
predicted to be in the low nanomolar range8!. Furthermore, when kinase inhibition in patient cells
following initiation of nilotinib therapy was correlated with their IC50NIL gradient, we observed substantial
kinase inhibition in the presence of sub 150 nM nilotinib. Hence the concentration of intracellular
nilotinib required to effectively inhibit Bcr-Abl is significantly lower than steady-state plasma levels.
Conversely, imatinib plasma levels are reflective of intracellular drug concentrations, and thus it would
be appropriate to explore and compare the in vivo kinase inhibition observed in patients receiving up

front imatinib versus nilotinib.

1.4. Cellular Transport of TKls

1.4.1. ATP-Binding Cassette (ABC) Transporter Superfamily

The ABC superfamily contains 49 members which can be grouped into seven smaller subgroups:
ABCA-ABCG'2, In order to be functionally active, ABC transporters must contain at minimum, two
cytoplasmic ATP binding domains, which bind and hydrolyse ATP, as well as two trans-membrane

domains which interact with the substrate as it crosses the lipid bilayer'72 (Figure 1.11). Some of the
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Cytoplasm

Periplasm

ABC ABC

Figure 1.11: Schematic diagram of ABC transporters (modified from Rees et al 173)

ABC exporters have at least two trans-membrane domains (TMD) and two ATP-binding domains (ABC)
which, upon substrate (BLUE) binding, form a closed dimer containing two ATP molecules (GREEN) at
the interface. Following conformational changes, during which binding affinity is decreased and the
substrate is released, ATP hydrolysis occurs. The subsequent release of ADP (PINK) and an inorganic
phosphate molecule (P;) returns the dimer to its open conformation to allow additional substrate binding

whereby the cycle repeats.
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more common members of ABC transporters are ABCB1 (MDR1, P-glycoprotein/P-gp), ABCG2 (BCRP)
and ABCC1 (Multidrug Resistance-associated Protein 1/MRP1). ABC transporters naturally function to
maintain cholesterol and fatty acid levels in our cells however they are also capable of exporting other
lipophilic compounds including xenobiotics and chemotherapeutic agents'’®. For this reason ABC
transporters have been implicated in multidrug resistance which can be critical in the treatment of CML

and other leukaemia.

The transporters feature different levels of tissue distribution, with ABCB1 and ABCG2 concentrated at
points of drug penetration (blood brain barrier, intestine) as well as other sites of drug uptake and
excretion (liver, kidney)'72. Importantly, high expression of these transporters has been demonstrated
on primitive haematopoietic stem cells'74175, ABCC1 is commonly found in the testes, lungs, kidneys
and peripheral blood mononuclear cells (PBMNCs)'72. Thus, these transporters have key roles in
preserving the sanctuary sites (brain and testes) from infiltration by chemotherapeutics such as TKls.
The understanding gained from further investigation of these, and other closely related transporters,
may help target CNS disease and residual leukaemic cells present in sanctuary sites that may

contribute to the loss of remission observed in some patients'7s.

1.4.2. Influx and Efflux of TKIls from the Leukaemic Cell

1.4.21.  Imatinib and Dasatinib Influx and Efflux

It is well established that imatinib is predominantly actively transported into leukaemic cells via OCT-
1147150 and that patients with high activity of this cellular protein have better treatment
outcomes'®1.152.177, However, much speculation still exists as to the mechanism of export of imatinib as
well as the other, more recent, TKls. It is widely agreed that imatinib is an ABCB1 substrate!38.145.176,
hence its overexpression has been implicated as a factor in imatinib resistance!!1.115.118138-140 " There is

also agreement that imatinib is not a substrate of ABCC1176.178,

-24 -



Chapter One - Introduction

Conversely, the interaction between imatinib and ABCG2 reported in the literature is far more
inconsistent with some studies reporting imatinib as a substrate of ABCG2138.173 others suggesting
imatinib is an ABCG2 inhibitor146.178.180-182 and further studies indicating imatinib can function as both
substrate and inhibitor depending on its concentration46.153.1%4, The disparity observed in the literature
with regard to the TKl:transporter relationship can likely be attributed to inconsistencies in
methodologies utilised. The differences in model substrates, temperatures and times of incubation, as
well as the drug concentrations used in each of the individual studies, are all likely to influence

experimental outcome.

In contrast to imatinib, research in our laboratory'83, as well as another's'84, has demonstrated it is
unlikely dasatinib utilises OCT-1 to gain access to the cell. In addition, we have demonstrated that

dasatinib is a substrate of both ABCB1 and ABCG21'83, with results corroborated by others?54.185.186,

1.4.2.2.  Nilotinib Influx and Efflux

We have demonstrated that nilotinib is unlikely to be transported by OCT-1150 and that it enters the cell
in a predominantly passive manner, a theory supported by others'®”. However, the efflux of nilotinib
remains controversial with differences in results again appearing to be mainly due to disparities in drug
concentrations assayed, a concept discussed in further detail in Chapter 4. Initial investigations using
the ABCB1 specific inhibitor PSC-833 demonstrated an interaction between nilotinib and ABCB1, while
a vanadate sensitive ATPase assay confirmed nilotinib is indeed an ABCB1 substrate at low nanomolar
concentrations'®.  Subsequent IC50 experiments revealed ABCB1 overexpressing cell lines exhibit
increased resistance which is reversible upon ABCB1 inhibition'54. However, it has been reported that
at high micromolar concentrations nilotinib functions as a potent inhibitor of both ABCB1 and
ABCG2154.155,187-189  |n those studies which concluded that nilotinib was an ABCB1 inhibitor, extremely

high concentrations of drug were used based on peak plasma drug levels'®. However, the high degree

-95.



Chapter One - Introduction

to which nilotinib is protein bound in the plasma'70.1% would significantly lower the concentration of free
drug available to the leukaemic cell. Based on in vitro experimentation, nilotinib is 98% protein bound0
and once this is taken into account the concentration of circulating nilotinib available to the leukaemic
cell decreases significantly. For example, the plasma concentrations of nilotinib based on a 400 mg
twice daily dosing regimen are predicted to be 4270 nM and 1945 nM (Crax total @nd Ciin total), but once
protein binding is allowed for this could decrease to concentrations as low as 85 nM and 39 NnM (Cax free
and Cmin free)!”0. While the protein interactions determining the concentration of nilotinib available to the
cell are complex, this may partly explain why nilotinib resistant patients harbour mutations predicted to
be sensitive based on IC50 values determined in vitro®!. Thus, the use of high in vitro drug
concentrations may not be representative of the in vivo situation and as such these results should be

viewed with caution.

1.5. The Effect of Combination and Concomitant Therapies on TKI Transport and
Efficacy

1.5.1. TKI Combination Therapy versus Single Agent Treatment

Initial TKI combination studies were performed in vitro comparing the incidence and type of KD
mutations that arise due to single agent treatment versus combination therapy8''9!. In theory,
combination cocktails of TKls should limit or delay onset of KD mutations since mutations insensitive to
one TKI are sensitive to another, with the exception of T315181. Indeed, researchers found that drug
combinations using lower concentrations were far more effective at suppressing the growth of resistant
clones, suggesting a drug cocktail may be equipotent to higher dose single agents'!. This strategy
would also limit dose related toxicity and the occurrence of adverse events associated with higher
concentrations of TKI necessary in some single agent regimens. Furthermore, recent preliminary

evidence utilising preclinical models suggests that removal of one of the drugs, once substantial
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inhibition of the leukaemic clone has occurred, has no detrimental effect on long term disease

progression?92,

More recent experimentation assessing the efficacy of imatinib and nilotinib against cell lines expressing
wildtype and imatinib resistant Bcr-Abl confirmed previous results. Both in vitro and in vivo assays
demonstrated the combination of imatinib and nilotinib resulted in additive to synergistic impairment of
cell growth and disease burden respectively, without adverse toxicity in normal bone marrow!%. These
results are in accord with in vitro studies performed in our laboratory assessing the simultaneous
administration of imatinib and nilotinib which demonstrated a significant, imatinib-mediated increase in
intracellular concentrations of nilotinib. Conversely, we have also demonstrated that nilotinib decreases
the intracellular concentration of imatinib9 which others have reported to be due to inhibition of OCT-
1187, However, the most likely mechanism by which imatinib increases intracellular nilotinib
concentrations is by inhibition of efflux transporters. It has previously been demonstrated that imatinib
can act as both substrate?38.145.176 and inhibitor of ABCB1118.1%4, Thus, as it is likely nilotinib is also
transported by ABCB1153.154.176 ' imatinib-mediated inhibition of, or competitive transport though ABCB1,

would result in an increase in intracellular nilotinib.

Combination studies involving imatinib and dasatinib have also been conducted in vitro with results
demonstrating a reduction in both the number of resistant clones and the range of mutations emerging,
although the concentration of imatinib used is unlikely to be clinically achievable'®. This observed
synergy is likely due, at least in part, to interactions with efflux transporters since dasatinib is also a
reported substrate of ABCB1 and ABC(G2154.183.185186,  However, the fact that dasatinib and imatinib

bind different conformations of Ber-Abl may also contribute to the synergy observed?®.
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Sequential treatment with nilotinib following failure of imatinib therapy has highlighted the clinical
relevance of combination TKI therapy'%. Taken together with in vitro data demonstrating the synergistic
effect of these TKIs, and the fact that lower doses are required when used in combination compared
with single agent treatment, up front combination nilotinib:imatinib therapy may provide superior

response in terms of adverse toxicity and suppression of mutation development.

1.5.2. Effect of Concomitant Medications on TKI Therapy

In addition to TKIs interacting with efflux transporters, other commonly administered medications are
also known to modulate ABCB1 and ABCG2 function, by direct inhibition or through indirect
conformational changes. Proton pump inhibitors (PPIs), such as pantoprazole and esomeprazole,
reduce gastric acid production and are readily prescribed to CML patients to combat imatinib-mediated
gastric side effects. PPls have previously been shown to inhibit both ABCB1 and ABCG2'97-19 and as
such may potentially affect transport of TKIls. Indeed, in vitro investigations within our laboratory with
simultaneously administered nilotinib and PPIs, demonstrate a significantly decreased IC50 in the
presence of PPl. Concurrent experimentation assessing intracellular nilotinib levels revealed this is

most likely due to an increase in intracellular nilotinib200,

Simvastatin and lovastatin are two commonly prescribed drugs used to lower cholesterol and treat
cardiovascular disease. Growing evidence suggests that the statin class of drugs is able to modulate
ABCB1-mediated transport both directly and indirectly. Initial in vitro experiments demonstrated the
statins’ ability to inhibit ABCB1-mediated rhodamine-123 effllux201. More recently, these results were
confirmed using the fluorescent ABCB1 substrate calcein, with results demonstrating the addition of
simvastatin directly inhibits ABCB1202, However, it has also been reported that statins are capable of
indirectly inhibiting ABCB1 function through a reduction in glycosylation and subsequent alteration in

protein conformation. The reduction in glycosylation may also adversely affect protein half-life as down
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regulation of ABCB1 protein in the presence of simvastatin has also been observed202, A recent in vitro
study using imatinib in combination with lovastatin provides preliminary evidence for statins increasing
the cytotoxic effect of imatinib203, Thus concomitant administration of drugs such as PPIs and statins,
which are already widely prescribed with human pharmacology well understood, make these

medications attractive options with the potential to further enhance the efficacy of TKis.

1.6.  Summary and Project Aims
TKls have resulted in significantly improved treatment outcomes for the majority of patients with CML.
However, there still remains a group of patients who demonstrate primary resistance, and a further
group who develop secondary resistance following a successful treatment phase. The underlying
mechanisms of resistance to nilotinib remain poorly understood and with nilotinib now a front line
therapy option, improvement of treatment outcomes is necessary for these patients. It is also important
to understand the cellular transport of nilotinib in order to elucidate possible interactions with other TKls
and drug efflux pumps, as well as investigate the effect of concomitant therapies on intracellular nilotinib
concentrations. This information will assist in tailoring treatment strategies to individual patients which is
particularly important as we move into the era of customised therapeutics in CML. Therefore, this thesis
addresses two primary aims:
e To study the interaction of nilotinib with the major cellular drug transporters and assess
a) how concomitant administration of other drugs could be used to enhance the effects of
nilotinib in patients; and
b) how altered expression or inhibition of these transporters affects nilotinib transport and
function
e To generate an in vitro cell line model of nilotinib resistance to recapitulate and study modes of

nilotinib resistance in vivo
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Results from this research will provide a greater understanding of nilotinib transport, particularly with
respect to ABC transporters. The findings presented here may assist in developing new therapeutic
strategies using TKIls in combination with other medications in order to enhance intracellular
concentrations of TKI. Additionally, further insight into the modes of resistance to nilotinib, as well as
the kinetics of resistance mechanism emergence, may assist in determining treatment options for CML

patients and predicting patients at risk of losing response to therapy.
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21. Commonly Used Reagents

Table 2.1: Suppliers and catalogue numbers of commonly used reagents

Chapter Two — Materials and Methods

Reagent Supplier C;La*obgetie
4G10-PE Antibody Millipore FCMAB232PE
7-Aminoactinomycin D (7-AAD) Invitrogen A1310
14C-Tetraethylammonium Bromide (TEA) Perkin Elmer NEC298050UC
Acetic Acid Fisher Scientific 0400
Ammonium Persulfate (APS) Sigma A9164
Annexin V-PE BD Biosciences 556421
Axl Antibody (138 kDa) Cell Signalling 4977
B-Actin Antibody (43 kDa) Santa Cruz sc-130656
BD Cytofix BD Biosciences 554655
BD Phosflow Fix Buffer | BD Biosciences 557870
BD Phosflow Perm Buffer Il BD Biosciences 558050
B-mercaptoethanol Sigma M6250
Benchmark Protein Ladder Invitrogen 10748-010
Bis-Acrylamide solution 37.5:1 (40% Acrylamide) Biorad 161-0149
BODIPY-Prazosin Invitrogen B-7433
Bovine Serum Albumin (BSA) Powder Sigma 49418
Bromophenol Blue Sigma 114391
c-Abl Antibody (Bcr-Abl 210 kDa) Cell Signalling 2862
Calcium Chloride (CaCly) Sigma 449709
CD243-PE (ABCB1) Antibody Beckman Coulter PN IM 2370U
cdc25C Antibody (60 kDa) Cell Signalling 4688
Chk2 Antibody (62 kDa) Cell Signalling 2662
Chloroform Merck 100776B
Crkl Antibody (Crkl 36 kDa; p-Crkl 39 kDa) Santa Cruz SC-319
Cyclosporin A RAH Pharmacy

DEPC H.0 MP Biomedicals Inc. 821739
D-Glucose Sigma G7528
Dimethyl Sulphoxide (DMSO) Merck K39661852
Dulbecco's Modified Eagle's Medium (DMEM) Sigma D6046
dNTP Set (N=A,C, G, T) GE Healthcare 27-2035-02
DTT0.1 M Invitrogen 18064-014
ECF Substrate GE Healthcare RPN 5785
Ethylenediaminetetraacetic Acid (EDTA) APS 180-500G
Ethanol Merck 4.10230.2511
Foetal Calf Serum (FCS) JRH Biosciences 12003-500M
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Formaldehyde BDH 10113
G-418, Geneticin Invitrogen 10131-027
Glycerol Ajax Finechem 242
Glycine Sigma (8898
Glycogen Roche 901393
Hanks Balanced Salt Solution (HBSS) Sigma H93%4
hBCRP-PE (ABCG2) Antibody R&D Systems FAB995P
HEPES 1 M Sigma HO887
Hydrochloric Acid (HCI, 35%) Fisher Scientific 1100
Indomethacin (MW=357.79) Sigma 17378
Isopropanol Ajax Finechem 425-2.5L PL
Kaleidoscope Prestained Standards Biorad 161-0375
L-glutamine 200 mM SAFC Biosciences SAFC 59202C
Lymphoprep Axis Shield 1114547
Lyn Antibody (56 kDa) Cell Signalling 2732
MAP3K5 (ASK1) Antibody (155 kDa) Cell Signalling 3762
Methanol Chem Supply MAQ04-P
Methyl Violet BDH 34033
MICROSCINT-20 Scintillation Fluid Perkin Elmer 6013621
Mouse IgG Antibody (AP-conjugated) Cell Signalling 7056
Mouse IgG1-AF488 Antibody BD Biosciences 557782
Mouse IgG1-PE Antibody R&D Systems IC002P
Mouse IgG2a-PE Antibody DakoCytomation X095001
Mouse 1gG2b-PE Antibody DakoCytomation X095101
p-Akt-PE (pT308) Antibody BD Biosciences 558275
Pantoprazole (MW=383.4) RAH Pharmacy

Paraformaldehyde (16%) ProSciTech 15710
p-Axl Antibody (pY779; 140 kDa) R&D Systems AF2228
p-c-Abl Antibody (p-Ber-Abl pY245; 210 kDa) Cell Signalling 2861
p-CrkL-PE (pY207) Antibody BD Biosciences 560788
p-Erk 1&2-PE (pT202/pY204) Antibody BD Biosciences 612566
p-Lyn Antibody (pY396; 61 kDa) abcam ab40660
p-Stat5-PE (pY694) Antibody BD Biosciences 612567
p-Syk Antibody (pY525/526; 72 kDa) Cell Signalling 2711
PDGFR-B Antibody (190 kDa) Cell Signalling 3175
Penicillin 5000 U/mL Streptomycin 5000 pg/mL Sigma P4458
Phosphate Buffered Saline (PBS) SAFC Biosciences 59331C
Prazosin Hydrochloride (MW=419.9) Sigma P7791
Probenecid (MW=285.4) Sigma P8761
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PSC-833 (MW=1214.7) Novartis

PVDF (Western Blot Membrane) GE Healthcare PRN 303F
Rabbit IgG Antibody (AP-conjugated) Santa Cruz SC2007
Random Hexamer Primer Geneworks RP-6
Rhodamine-123 Invitrogen R-302
RPMI-1640 Medium w/o L-glutamine Sigma R0883
SDS (Sodium Dodecy! Sulphate) Sigma L4509
Sodium Azide (NaNs) Sigma S2002
Sodium Chloride (NaCl) Ajax Finechem 1128
Sodium Fluoride (NaF) Sigma S7920
Sodium (ortho) Vanadate (Na3VOs) Sigma S6508
Superscript [| Reverse Transcriptase Invitrogen 18064-014
SYBR Green Supermix SA Biosciences PA-012-24
Syk Antibody (72 kDa) Cell Signalling 2712
Tagman Master Mix Applied Biosystems 4318157
TEMED Sigma T7024
Tris (hydroxymethyl) Aminomethane Merck 1083870500
TRIzol Reagent Invitrogen 15596-018
Trypan Blue Solution (0.4%) Sigma T8154
Trypsin SAFC Biosciences 59417C
Tween®20 Sigma P9416
Verapamil Hydrochloride (MW=491.1) RAH Pharmacy

Western Blot Recycling Kit Alpha Diagnostic 90100

2.2. Solutions, Buffers, Media & Inhibitors

2.21. Adherent Cell Line Wash Buffer

HBSS - 500 mL
0.53 mM EDTA (1 M) - 530 L

0.25% Trypsin (2.5%) — 1 mL

2.2.2. phospho-Flow Wash Buffer

1xPBS - 500 mL
1% FCS -5 mL

0.1% NaN3;-0.5¢g
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The solution can be stored at 4°C indefinitely.

2.2.3. Cell Culture Media

RPMI-1640 medium — 500 mL for suspension cells
DMEM - 500 mL for adherent cells

2 mM L-Glutamine (200 mM) — 5 mL

25000 Units Penicillin (5000 U/mL) - 5 mL

25000 pg Streptomycin sulphate (5000 pg/mL) — 5 mL

10% FCS - 50 mL

The media was stored at 4°C and preheated to 37°C in a water bath prior to use.

2.24. Cytotoxicity Assay Staining Buffer
HBSS —47.5 mL

100 mM CaCly - 2.5 mL

2.2.5. dNTP Set (N=A,C,G, T)
Stock: 25 mM = 40 L of each dNTP

Working stock: 5 mM = 20 uL of 25 mM stock in 80 uL DEPC water

2.2.6. Flow Cytometry Fixative (FACS Fixative)
1xPBS - 500 mL

40% wliv Formaldehyde — 5 mL

D-glucose - 10 g

0.02% NaNs - 0.1 g
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The solution was stored at 4°C for ~6 months.

2.2.7. Freeze Mix
70% HBSS
20% FCS

10% DMSO

The solution was made up fresh for each batch of samples to be cryopreserved.

2.2.8. Imatinib Mesylate, MW=589.72
Imatinib mesylate (imatinib; Glivec; formerly STI-571) was provided by Novartis Pharmaceuticals (Basel,
Switzerland). Stock solutions of this compound were prepared at 10 mM with distilled water, sterile

filtered and stored at -70°C.

2.2.9. 50% 14C-Imatinib (100 uM)
14C-Imatinib (1695.72 uM) - 29.5 pL
10 mM imatinib — 5 L

RPMI-1640 medium - 966 pL

14C-imatinib (specific activity 3.394 MBq) was provided by Novartis Pharmaceuticals. Stock solutions

were prepared at 1 mg/mL with distilled water and stored at -70°C.
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2.2.10. Inhibitors of ABC Transporters

2.2.10.1. Cyclosporin A - Inhibits ABCB1, ABCB4, ABCB11, ABCC1, ABCC2, ABCC3,
ABCG2

Cyclosporin A (RAH Pharmacy, Adelaide, Australia) was used at 10 uM from a 4.15 mM stock.

41.5 mM stock = 250 mg/5 mL 5% glucose solution

Further dilute this stock 1:10 in 5% glucose solution

2.2.10.2. Indomethacin - Inhibits ABCC1, ABCC2, ABCC4, ABCC6, ABCC11
Indomethacin (Sigma) was used at 100 yM from a 10 mg/mL stock.

10 mg/mL = 10 mg/1 mL DMSO

2.210.3. Ko143 - Inhibits ABCG2
Ko143 is an analogue of fumitremorgin C kindly provided by Dr John Allen, Centenary Institute, Sydney,
Australia. 1 mM stock solutions and 10 uM working solutions were prepared in sterile water and stored

at -70°C.

2.2.10.4. Pantoprazole - Inhibits ABCB1, ABCC6, ABCG2
Pantoprazole (RAH Pharmacy) was used at 200 uM from a 10 mM stock.

10 mM stock = 40 mg dissolved in 10 mL 0.9% NaCl

2.2.10.5. Probenecid - Inhibits ABCC1, ABCC2, ABCC3, ABCC4, ABCC5, ABCC6, ABCC11

Probenecid (Sigma) was used at 1 mM from a 175 mM stock.

175 mM stock = 125 mg dissolved in 2.5 mL DMSO
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2.2.10.6. PSC-833 - Inhibits ABCB1, ABCB4, ABCC1, ABCC4
PSC-833 is a Cyclosporin A derivative kindly provided by Novartis Pharmaceuticals and was used at 10
UM from 8.23 mM stock.

8.23 mM stock = 10 mg/mL = 10 mg/500 pL 9:1 Ethanol:Tween®20, +500 uL water

2.2.10.7. Verapamil - Inhibits ABCB1, ABCB4, ABCC1, ABCC3, ABCC4, ABCG2, OCT-1
Verapamil (RAH Pharmacy) was used at 50 uM from a 2.5 mg/mL stock dissolved in H20.

2.5 mg/mL =5.091 mM

2.2.11. Laemmli’s Buffer
50 mM Tris-HCI (pH 6.8)

10% Glycerol

2% SDS

5% B-Mercaptoethanol

0.1% Bromophenol Blue

1 mM Na3VOs

10 mM NaF

The buffer was stored in 1 mL aliquots at -20 °C and thawed before use.

2.212. Membrane Blocking Solutions

2.2121. 2.5% Skim Milk

Non-fat milk powder — 12.5 g

1xTBST - 500 mL
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The following proteins require blocking in 2.5% non-fat milk powder: p-Crkl.

2.212.2. 5% Skim Milk
Non-fat milk powder — 25 ¢

1xTBST - 500 mL

The following proteins require blocking in 5% non-fat milk powder: B-actin, Chk2, p-Axl.

2.212.3. 2% BSA

BSA-10g

1XTBST - 500 mL

The following proteins require blocking in 2% BSA: Axl, Syk, p-Syk.

2.212.4. 5% BSA

BSA-25¢

1xTBST - 500 mL

The following proteins require blocking in 5% BSA: c-Abl, cdc25C, Lyn, MAP3KS5, p-c-Abl, p-Lyn.

2.213. Nilotinib, MW = 529.5

Nilotinib (Tasigna; formerly AMN107) was provided by Novartis Pharmaceuticals. Stock solutions were

prepared at 10 mM in DMSO and stored at 4°C.
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2.2.14. 14C-Nilotinib (10 uM)
2.2.141. 50% 14C-Nilotinib
14C-Nilotinib (1882 pM) - 2.66 pL
1 mM nilotinib — 5 pL

RPMI-1640 medium - 992.3 L

2.214.2. 100% 14C-Nilotinib
14C-Nilotinib (1882 uM) — 5.32 L

RPMI-1640 medium —994.7 uL

14C-nilotinib (specific activity 3.31 MBq) was provided by Novartis Pharmaceuticals. Stock solutions

were prepared at 1 mg/mL with methanol and stored at -70°C.

2.2.15. Ponatinib (Free Base), MW=532.56
Ponatinib was provided by Ariad Pharmaceuticals (Cambridge, Massachusetts). Stock solutions were

prepared at 10 mM with DMSO, sterile filtered and stored at 4°C.

2.2.16. Prazosin Hydrochloride - Inhibits OCT-1, OCT-2, OCT-3

Prazosin hydrochloride (Signma) was used at 100 uM from a 10 mM stock.

10 mM stock = 4.2 mg in 1 mL of methanol

2.217. Random Hexamer Primer (100 mg stock)

Working stock: 250 ng/mL = 100 mg in 400 uL DEPC water
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2.2.18.

25 mM Tris-HCI — 3.026 g (pH 8.3)

192 mM Glycine - 14.413 g

0.1% SDS-1g

1xSDS-PAGE Running Buffer

Chapter Two — Materials and Methods

Reagents were dissolved in 750 mL RO H20 and then made up to 1 L.

2.2.19.

2.2.1941.

2.219.2.

2.2.20.

SDS-Polyacrylamide Gel

Specific for Hoefer Ruby SE600 Tank

Resolving gel (12%)

Stacking gel (5%)

H20 129 mL 6 mL
40% Acrylamide 9mL 1.26 mL
1.5 M Tris Buffer A 7.5mL

1.5 M Tris Buffer B 2.52 mL
10% SDS 300 pL 100 pL
10% APS 300 pL 100 pL
TEMED 8 uL 10 L

Specific for Hoefer SE260 Tank

Resolving gel (14%) | Stacking gel (5%)

H20 3.8 mL 3 mL

40% Acrylamide 3.5mL 630 L
1.5M Tris A 2.5mL

1.5 M Tris B 1.26 mL
10% SDS 100 uL 50 uL

10% APS 100 uL 50 uL
TEMED 6 UL 5uL

200 mM Tris-HCI - 24.2 g (pH 7.5)

15MNaCl-87.6 g

10x Tris Buffered Saline (TBS)
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Reagents were dissolved in 750 mL RO H20, the pH adjusted to 7.5 with HCI and the solution made up

to1L.

2.2.20.1. 1xTBS
10xTBS stock — 100 mL

RO H20 - 900 mL

2.2.20.2. 1xTBST
10xTBS stock — 100 mL
0.1% Tween®20 —1 mL

RO H20 - 900 mL

2.2.21. 100% 14C-Tetraethylammonium Bromide (TEA; 2500 uM)
14C-TEA (28600 pM) — 87.4 L

RPMI-1640 medium —912.6 uL

14C-TEA (specific activity 1.85 MBq) was purchased from Perkin Elmer and stored at 4°C; working

solutions were prepared as required.

2.2.22. Thaw Solution
HBSS - 500 mL

5% FCS - 25 mL

5% ACD - 25 mL

HEPES -5 mL
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The solution (without ACD) was stored at 4°C. ACD was added and the solution heated to 37°C in a

water bath prior to use.

2.2.23. 1xSDS-PAGE Transfer Buffer

25 mM Tris-HCI - 3.026 g (pH 8.3)
192 mM Glycine - 14.413 g

20% Methanol - 200 mL

Reagents were dissolved in 750 mL RO H20 and then made up to 1 L.

2.2.24, Tris Buffer A
Milli-Q® H20 - 500 mL

1.5 M Tris-HCI — 90.855 g (pH 8.8)

2.2.25. Tris Buffer B
Milli-Q® H20 - 500 mL

0.5 M Tris-HCI - 30.285 g (pH 6.8)

2.2.26. White Cell Fluid
Glacial Acetic Acid — 2 mL
Milli-Q® H20 - 98 mL

Methyl Violet — a few crystals

Acetic acid was added slowly to Milli-Q® H.0. The methyl violet (Gurr®, BDH) was then added, and the

solution mixed well to ensure that the crystals dissolved completely. The solution was filtered using a
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0.2 um bottle top filter, and stored at room temperature.

2.3.  General Techniques

2.3.1. Lymphoprep Isolation of Peripheral Blood Mononuclear Cells (PBMNCs)

Peripheral blood (PB) from patients with CML (40-60 mL) was collected in lithium heparin tubes. All
samples were collected with informed consent in accordance with the Institutional Ethics approved
protocols and with reference to the Declaration of Helsinki. A white cell count was performed using
white cell fluid and a maximum of 1x108 cells (maximum of 15 mL of blood) were transferred into a 50
mL polypropylene conical tube (Falcon tube). The blood volume was brought to 35 mL using HBSS
+1% HEPES and underlain with 15 mL of lymphoprep. Tubes were centrifuged at 306 x g for 30 min
with no brake. The interface containing the PBMNCs was then transferred to another 50 mL Falcon

tube and washed once in HBSS +1% HEPES.

2.3.2. Cell Counts and Viability

Patient PBMNC concentration was determined by diluting the cell suspension in white cell fluid (WCF).
Viability of patient PBMNCs and cell lines was assessed by diluting samples with trypan blue solution.
10 pL of these suspensions was transferred to a haemocytometer counting chamber (Neubauer

Improved, Assistant, Germany) and cell concentration and viability calculated accordingly.

2.3.3. Maintenance of Cell Lines

2.3.3.1. Cell Line Specifications

K562 cells were originally derived from the pleural effusion of a 53 year old female with blast crisis
CML204 and were obtained from the American Type Tissue Culture Collection (ATCC, Manassas, VA).
K562 cells were transfected by electroporation with pcDNA3 vector containing full length ABCG2 (kindly

provided by Prof. Douglas Ross, University of Maryland, Baltimore, MD). The resultant K562-ABCG2
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cells were cultured in 500 pg/mL G418 (Invitrogen, Carlsbad, CA) and assessed for appropriate ABCG2
expression by quantitative PCR and flow cytometry'®. K562-Dox cells stably overexpress ABCB1
following continuous passage of K562 cells in doxorubicin (kindly provided by Prof. Leonie Ashman,
University of Newcastle, Callaghan, NSW). KCL22 cells were originally derived from the pleural effusion
of a blast crisis CML patient2> (kindly provided by Prof. Junia Melo, Centre for Cancer Biology,
University of Adelaide, Adelaide, SA). KU812 cells were established from the peripheral blood of a 38
year old male with blast crisis CML208 and were obtained from the ATCC. VBL-100 cells stably
overexpress ABCB1 following the continuous passage of CEM cells in vinblastine (kindly provided by
Leonie Ashman). Hela cells were originally derived from a 31 year old female with cervical cancer2’
(kindly provided by Dr Bruce Lyons, School of Medicine, University of Tasmania, Hobart, TAS). HepG2
cells were originally derived from the liver tissue of a 15 year old male with hepatocellular carcinoma208
(kindly provided by Prof. Andrew Zannettino, Centre for Cancer Biology and Centre for Stem Cell

Research/Robinson Institute, University of Adelaide, Adelaide, SA).

2.3.3.2. Culture of General Cell Lines

All appropriate tissue culture techniques were performed in a Class two “biohazard” laminar flow hood
(Gelman Sciences). Suspension cell lines (K562, K562-ABCG2, K562-Dox, KCL22, KU812, VBL100)
were maintained at a cell density between 1x105-1x108 cells/mL in 25cm2, 75cm?2 or 175cm? tissue
culture flasks (Greiner). Media was pre-warmed to 37°C prior to use. Cultures were incubated in a
37°C/5% CO2 incubator. Cell cultures were checked every second day for contamination, counted and
recultured at the above concentrations. Adherent cell lines (HeLa, HepG2) were maintained in 75cm?
tissue culture flasks at a cell density of 1x107 cells in 20 mL media. Prior to reculture, cells were rinsed
twice with pre-warmed adherent cell wash buffer and trypsinised at 37°C for ~10 min with 0.25% trypsin.

Cell aggregates were separated by pipetting and resuspended in fresh media devoid of trypsin.
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2.3.33. Culture of Nilotinib Resistant Cell Lines

K562 and K562-Dox cell lines were gradually exposed to increasing concentrations of nilotinib to yield
one nilotinib resistant K562 cell line and two nilotinib resistant K562-Dox cell lines. Nilotinib culture was
initiated at 15 nM and the concentration increased at a rate of 25-500 nM every 10-20 days depending
on cell proliferation and viability until reaching 2 uM (approximately 6 months duration for K562 cells and
7 and 8 months duration for the two K562-Dox cell lines). Serial dilutions of nilotinib (in DMSO) were
prepared from 10 mM stocks such that no more that 0.1% DMSO was present in culture. Control cell
lines cultured in 0.1% DMSO were maintained in parallel. Prior to nilotinib escalation, cells were
harvested as follows:

3x 1x107 aliquots of cells for TRIzol preparations, frozen for later RNA extraction

3x 1x107 aliquots of cells for cryopreservation

2.34. Cryopreservation of Cells

Cells were pelleted at the desired concentration, resuspended in 1 mL of Freeze Mix per 1x107 cells
and quickly transferred to cryo-ampoules (Nalgene). Patient PBMNCs were frozen to -80°C using a
Controlled Rate Freezer (Planer KRYO10 Series Il) at a rate of 1°C per min. Cell lines were
cryopreserved using a ‘Mr Frosty’ container (Nalgene) for a minimum of 4 h at -70°C. Samples were

stored for up to 10 years in liquid nitrogen (-196°C).

2.3.5. Thawing of Cells

Cells were removed from liquid nitrogen and thawed rapidly in a 37°C water bath. In a laminar flow
hood, the cell suspension was quickly transferred to a 50 mL Falcon tube, and approximately 20 mL of
thaw solution (warmed to 37°C) was added drop-wise with constant mixing. The sample volume was
then increased to 30 mL with thaw solution and the cells pelleted by centrifugation at 306 x g for 10 min.

The supernatant was aspirated and the procedure repeated to remove all residual DMSO.
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2.3.6. Cytotoxicity Assay

Cells were washed and resuspended in fresh culture media to remove traces of drug before being
cultured in a 24-well plate. To ensure accurate concentrations of drug in each replicate, TKI was added
in increasing concentrations as detailed in Appendix 1A to 4 mL of cell suspension at 2x10° cells/mL.
The 24-well plates were seeded with 1 mL of cell suspension in triplicate, then placed in sterilised cake
boxes and incubated for 72 h before staining with Annexin V/7-AAD and trypan blue to observe cell

death.

2.3.7. Fluorescence Activated Cell Sorting (FACS) for ABCG2 Positive Cells

2.5x107 cells were aliquoted into 10x 5 mL polystyrene round bottom tubes (Falcon, FACS tubes) at a
concentration of 2.5x108 cells/tube and each tube stained with 100 yL ABCG2-PE. Test cells were
sorted for ABCG2 positivity on a Becton Dickinson Aria, using FACS Diva Software version 6.1.3 (BD

Biosciences). Only the top 20% of positive cells were selected for reculture.

2.3.8. Antibody Staining for Flow Cytometric Analysis

2.3.8.1. Visualisation of Surface Proteins

2x10°-1x106 cells were transferred to 5 mL FACS tubes and following suspension in approximately 250
uL of buffer, PE-conjugated antibodies were added to tubes as specified (Table 2.2). Cells were
incubated for a period of 40 min on ice in the dark, washed twice with buffer and re-suspended in FACS
fixative. Samples were stored at 4°C in the dark until analysis was performed. Control tubes were
stained with isotype control IgG-PE antibodies and these were used to define the gates for positive and
negative expression. The fluorescence intensity of cell suspensions was examined using an FC500
flow cytometer (Beckman Coulter, Miami, FL) and FCS Express 4 software (De Novo Software, Los
Angeles, CA). Cell populations were analysed based on the forward and side light scattering properties

and the fluorescence intensity of PE fluorochromes.
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Table 2.2: Antibody staining for surface flow cytometry

Antibody Cell Number | Concentration Volume Buffer
lgG2a-PE 5x10° 100 pg/mL 5L HBSS +1% HEPES
ABCB1-PE 1x106 25 ug/mL 20 L HBSS +1% HEPES
lgG2b-PE 5x10° 100 pg/mL 5uL HBSS +1% HEPES
ABCG2-PE 1x106 25 ug/mL 20 uL HBSS +1% HEPES
2.3.8.2. Visualisation of Phospho-Proteins

5x105-1x108 cells were transferred to 5 mL FACS tubes and 500 uL phospho-flow wash buffer added
(Section 2.2.2). Cells were washed twice and the supernatant aspirated. 250 yL BD Cytofix was
added to each tube while vortexing and cells incubated on ice for 30 min. Following incubation, cells
were washed in 500 uL phospho-flow wash buffer and then permeabilised in 250 WL ice cold BD
Phosflow Perm Buffer IIl while vortexing. Following 30 min incubation on ice, cells were washed 3x in
500 uL phospho-flow wash buffer and supernatant aspirated. Cells were then resuspended in 100 pL
phospho-flow wash buffer and stained with antibodies in line with manufacturers’ instructions according

to Table 2.3 at room temperature for 1 h in the dark.

Table 2.3: Antibody staining for phospho-flow cytometry

Antibody Volume
lgG2b-PE 5uL
4G10-PE (1:10 in PBS) 10 uL
lgG1-PE 5puL
p-Akt-PE (pT308) 5L
lgG2a-PE 5L
p-CrkL-PE (pY207) 5uL
lgG1-PE 5puL
p-Erk-PE (T202/Y204) 5puL
lgG1PE 5puL
p-Stat5-PE (Y694) 5L
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Cells were then washed in 500 UL phospho-flow wash buffer, supernatant aspirated and resuspended in
200 uL phospho-flow wash buffer. Samples were stored at 4°C in the dark until analysis was
performed. Control tubes were used to define the gates for positive and negative expression. The
fluorescence intensity of cell suspensions was examined using an FC500 flow cytometer and FCS
Express 4 software. Cell populations were analysed based on the forward and side light scattering

properties and the fluorescence intensity of PE fluorochromes.

2.3.8.3. Determination of Cell Viability

Cell viability was measured by staining cells with both 7-Amino-actinomycin (7-AAD) and Annexin V-PE
and analysing using a flow cytometer. 7-AAD is excluded by viable cells but can penetrate the
membranes of dying or dead cells where it intercalates into double stranded nucleic acids. Annexin V is
a Ca**-dependent phospholipid-binding protein that binds to phosphatidlyserine residues of the cell
membrane. In normal cells, these residues are located in the inner surface of the cell membrane and
are therefore inaccessible to Annexin V. However, at an early stage of apoptosis, the
phosphatidlyserine residues are translocated to the outside of the cell making them subsequently

available for binding by Annexin V209,

Following cytotoxicity assays, cells were mixed thoroughly and transferred from 24-well plates to 5 mL
round bottom FACS tubes (one tube per plate well). A 20 L aliquot per tube was deposited in a 96-well
plate for trypan blue viability determination then cells were centrifuged at 845 x g for 2 min and the
supernatant removed (all centrifugation in this method is at 845 x g for 2 min). 7-AAD and Annexin V
were thawed in darkness on ice before being diluted in staining buffer (Section 2.2.4). 7-AAD was used
at 0.5 uL of 1 mM stock diluted in 39.5 L staining buffer (40 uL per sample), while Annexin V was used
at 1 pL of stock diluted in 9 pL staining buffer (10 uL per sample). To make the Annexin V positive

control, 500 pL of zero drug culture was added to an equal volume of DMSO in a 5 mL FACS tube and
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incubated at room temperature for 20 min. To make the 7-AAD positive control, 500 uL of zero drug
culture were added to 2 mL cold ethanol (70%) in a 5 mL FACS tube and incubated on ice for 20 min.
To make the negative control, 500 pL zero drug culture was washed with 1 mL staining buffer ina 5 mL
FACS tube and then stored on ice. 7-AAD and Annexin V control cells were washed twice in 2 mL PBS
then both control and experimental cells washed once in staining buffer. Supernatants were removed
by aspiration leaving ~50 uL, Annexin V and/or 7-AAD added as per Table 2.4 and cells incubated at
room temperature in the dark for 15 min. Cells were then resuspended in 400 pL staining buffer and the

tube stored on ice for a maximum of 1 h prior to flow cytometric analysis.

Table 2.4: Staining for cell viability

Annexin V 7-AAD
Negative Control - -
Annexin V Positive Control 10 L -
7-AAD Positive Control - 40 L
Experimental Samples 10 L 40 L

2.3.9. Fluorescent Substrate Efflux Studies

2.3.9.1. Rhodamine-123 Efflux for ABCB1 Function

During the accumulation period, 1 mL of K562-Dox cells were resuspended at 1x108/mL in 5 mL round
bottom FACS tubes. Cells were then incubated for 30 min at 37°C in the absence or presence of
rhodamine-123 as per Table 2.5a. PSC-833 was used as a positive control for ABCB1 inhibition. K562
cells, which do not express ABCB1, were used as negative controls and incubated under the same
conditions. Following the accumulation period, efflux was initiated by centrifuging cells twice at 845 x g
for 2 min in cold PBS. Cells were then resuspended in warm RPMI-1640 medium supplemented with
10% FCS as per Table 2.5b and incubated at 37°C for 60 min to allow efflux to take place. Following

the efflux period, cells were again washed twice in PBS and resuspended in 400 uL PBS supplemented
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with 5% BSA before flow cytometric analysis. Assessment of ABCB1 expression (Section 2.3.3.1) was

conducted simultaneously to ensure appropriate expression levels.

Table 2.5a: Incubation conditions for rhodamine-123 accumulation

K562-Dox/K562 R'}Sdé‘?;?; L1)23 FE1SOC“?\§>)3
Unstained - _
Rhodamine-123 Efflux v _
No Efflux v

Table 2.5b: Incubation conditions for rhodamine-123 efflux

Rhodamine-123 PSC-833
K562-Dox/K562 (0.5 ug/mL) (10 M)
Unstained - -
Rhodamine-123 Efflux - -
No Efflux - 4
2.3.9.2. BODIPY-Prazosin Efflux for ABCG2 Function

During the accumulation period, 1 mL of K562-ABCG2 cells were resuspended at 1x106/mL in 5 mL
round bottom FACS tubes. Cells were then incubated for 30 min at 37°C in the absence of presence of
BODIPY-prazosin as per Table 2.6a. Ko143 was used as a positive control for ABCG2 inhibition. K562
cells, which do not express ABCG2, were used as negative controls and incubated under the same
conditions. Following the accumulation period, efflux was initiated by centrifuging cells twice at 845 x g
for 2 min in cold PBS. Cells were then resuspended in warm RPMI-1640 medium supplemented with
10% FCS as per Table 2.6b and incubated at 37°C for 60 min to allow efflux to take place. Following
the efflux period, cells were again washed twice in PBS and resuspended in 400 uL PBS supplemented
with 5% BSA before flow cytometric analysis. Assessment of ABCG2 expression (Section 2.3.3.1) was

conducted simultaneously to ensure appropriate expression levels.
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Table 2.6a: Incubation conditions for BODIPY-prazosin accumulation

K562-ABCG2/K562 BOD('QPEI) Fr’]fﬁ)zosm zo; ’4\1/'?;
Unstained - _
BODIPY-prazosin Efflux v _
No Efflux v

Table 2.6b: Incubation conditions for BODIPY-prazosin efflux

BODIPY-Prazosin Ko143
K562-ABCG2/K562 (250 nM) (1 uM)
Unstained - -
BODIPY-prazosin Efflux - -
No Efflux - v
2.4. Specialised Techniques
241. Imatinib/Nilotinib Intracellular Uptake and Retention (IUR) Assay

The IUR and OCT-1 activity assays were performed as previously described by White et al.’s0. All
assay points were performed in triplicate. 2x105 viable cells were incubated in 2 mL of RPMI-1640
medium +10% FCS in the presence or absence of varying concentrations of "C-imatinib or -nilotinib
ranging from 0—4 uM. Inhibitors of influx and efflux (prazosin, verapamil and Ko143) were also added
as required. Cells and reagents were incubated for 2 h at 37°C/5% CO.. Following incubation the
cellular and aqueous phases were separated by centrifugation at 4300 x g for 5 min, then pulse spun to
16000 x g for 30 sec. A 20 uL aliquot of supernatant (S/N) from each tube was then added to 100 pL of
Microscint-20 in a 96-well flat bottomed plate. The remaining supernatant was aspirated from the tubes
and 50 L of Microscint-20 was added. The tubes were vortexed thoroughly, and pulse spun for 15 sec
at 16000 x g. The lysed cells were transferred to a 96-well plate with wells containing 50 pL of
Microscint-20. The plate was covered with an adhesive plastic seal and was then counted on a Top
Count scintillation counter (Perkin Elmer) as counts per minute (cpm). The incorporation of '4C-imatinib

or -nilotinib in ng/200 000 cells was then calculated using the formula below:
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(cpm cells — background) x ng of 14C-TKIl added

[(cpm cells — background) + (cpm S/N — background)]

24141, OCT-1 Activity

The OCT-1 inhibitor prazosin was used in the [URmatnib gssay at 100 uM. The OCT-1 activity was
calculated as the difference between the IURmatinb in the absence of prazosin and the |[URimatinib jn the
presence of prazosin. Where IUR values in the presence of prazosin were equal or higher than the
values in the absence of prazosin, these patients were scored as having negligible (0 ng/200 000 cells)

OCT-1 activity.

24.2. IC50 Assay Specific for phosphorylated-Crkl (p-Crkl) Inhibition

2x10° Ber-Abl positive cell lines and 2x106 patient PBMNCs were incubated for 2 h at 37°C with
concentrations of nilotinib ranging 0-100 000 nM, imatinib ranging 0-100 uM and dasatinib ranging 0-
5000 nM. To determine the effect of cellular transporters such as ABCB1, ABCG2 and ABCC6 on TKI
transport, IC50 experiments were incubated in the absence and presence of various inhibitors of
transport (Section 2.2.10). Following incubation cells were washed once with cold PBS and lysed in
Laemmli’s buffer (Section 2.2.11) by boiling for 12 min. Lysates were clarified by microfugation and

stored at -20°C before resolution by SDS-PAGE.

243. SDS-PAGE and Western Blot

24.31. Specific for p-Crkl

Western blotting for p-Crkl was performed as previously described by White et al.210. 2x105 cells (cell
lines) or 2x108 cells (patient PBMNCs) were placed into a 1.5 mL microtube (Eppendorf), and pelleted
by centrifugation for 5 min at 4300 x g. All supernatant was removed and cells were lysed in 20 L of

Laemmli's buffer, by boiling in a 100°C heat block for 12 min. Cell lysates were stored at -20°C.
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Protein lysate (corresponding to 1x105 cell lines or 2x106 patient PBMNCs) was resolved on an SDS
12% polyacrylamide gel, and the protein electrophoretically transferred to a PVDF membrane (GE
Healthcare) at 65 mA overnight. The membrane was incubated for 1 h at room temperature with 2.5%
skim milk powder. The membrane was then probed for 2 h at room temperature with 1:500 anti-CrkI
antibody (Santa Cruz) in 2.5% skim milk powder. Following this, the membrane was rinsed in 1xTBST
buffer (Section 2.2.20.2), and then washed for 3x 5 min with 1xTBST buffer. The membrane was then
incubated with 1:2000 alkaline-phosphatase conjugated anti-rabbit immunoglobulin  antibody
(SantaCruz) in 2.5% skim milk powder for 1 h at room temperature. The membrane was rinsed in
1xTBST buffer, washed for 3x 5 min in 1xTBST buffer and then washed for 3x 5 min in 1xTBS buffer
(Section 2.2.20.1). Bound antibodies were detected with ECF substrate (Amersham Biosciences) by

Fluorimager analysis (Molecular Dynamics).

243.2. Specific for High Molecular Weight Proteins (>100 kDa)

Western blotting for the high molecular weight proteins Axl, p-Axl, c-ABL, p-c-ABL, and MAP3K5 was
performed using the BIO-RAD Trans-Blot® Turbo™ Blotting System according to the manufacturer’s
instructions. Briefly, lysates of 1x106 cells were made as described in Section 2.4.3.1, resolved on a
BIO-RAD 4-15% Criterion™TGX™ Precast Gel and transferred to PVDF membrane using Midi Transfer
Packs (BIO-RAD) at 2.5 A for 10 min. Membranes were then incubated in blocking solution for 1 h at
room temperature before being probed with primary antibody as per Table 2.7. Following overnight
incubation at 4°C, membranes were rinsed in 1xTBST buffer, and then washed for 3x 5 min with
1xTBST buffer. The membrane was then incubated with secondary antibody as per Table 2.7 for 1 h at
room temperature. Following incubation, the membrane was rinsed in 1xTBST buffer, washed for 3x 5
min with 1xTBST buffer and then washed in 1xTBS buffer for 3x 5 min. Bound antibodies were
detected with ECF substrate by Fluorimager analysis. For Bcr-Abl IC50 determination (Section 6.3.6),

membranes were initially probed for p-Ber-Abl and then stripped with Western Stripping Buffer (Alpha
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Diagnostic). Following stripping, membranes were probed for Ber-Abl. Membranes were also probed

for the control protein B-actin following the same incubation conditions as described for primary proteins.

Detected proteins were quantified using ImageQuant software and expression normalised to control.

Table 2.7: Incubation conditions for high molecular weight western blot

1° Antibody Diluent Concentration | 2° Antibody Diluent Concentration
Axl 2% BSA/TBST 1:1000 a-rabbit-AP | 2% BSA/TBST 1:2000
5% skim milk _ . 5% skim milk _

p-Axl powder/TBST 1:200 a-rabbit-AP powder/TBST 1:2000

c-Abl 5% BSA/TBST 1:1000 a-rabbit-AP | 5% BSA/TBST 1:2000
p-c-Abl 5% BSA/TBST 1:500 a-rabbit-AP | 5% BSA/TBST 1:2000
MAP3K5 5% BSA/TBST 1:1000 a-rabbit-AP | 5% BSA/TBST 1:2000

2.43.3. Specific for Low Molecular Weight Proteins (<100 kDa)

Western blotting for the low molecular weight proteins B-actin, cdc25C, Chk2, Lyn, p-Lyn, Syk and p-
Syk was performed using the BIO-RAD Trans-Blot® Turbo™ Blotting System according to the
manufacturer’s instructions. Briefly, lysates of 4x105-1x10% were made as described in Section
2.4.3.1, resolved on a BIO-RAD 4-15% Criterion™TGX™ Precast Gel and transferred to PVDF
membrane using Midi Transfer Packs (BIO-RAD) at 2.5 A for 7. min. Membranes were then incubated in
blocking solution for 1 h at room temperature before being probed with primary antibody as per Table
2.8. Following overnight incubation at 4°C, membranes were rinsed in 1xTBST buffer, and then washed
for 3x 5 min with 1xTBST buffer. The membrane was then incubated with secondary antibody as per
Table 2.8 for 1 h at room temperature. Following incubation, the membrane was rinsed in 1xTBST
buffer, washed for 3x 5 min with 1xTBST buffer and then washed in 1xTBS buffer for 3x 5 min. Bound
antibodies were detected with ECF substrate by Fluorlmager analysis.

Detected proteins were

quantified using ImageQuant software and expression normalised to control.
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Table 2.8: Incubation conditions for lower molecular weight western blot

1° Antibody Diluent Concentration | 2° Antibody Diluent Concentration

. 5% skim milk , , 5% skim milk ,

B-actin powder/TBST 1:1000 o-rabbit-AP powder/TBST 1:2000

cdc25C 5% BSA/TBST 1:1000 a-rabbit-AP | 5% BSA/TBST 1:2000
5% skim milk _ . 5% skim milk _

Chk2 oowder/ TBST 1:1000 a-rabbit-AP powder/TBST 1:2000

Lyn 5% BSA/TBST 1:1000 a-rabbit-AP | 5% BSA/TBST 1:2000

p-Lyn 5% BSA/TBST 1:1000 a-rabbit-AP | 5% BSA/TBST 1:2000

Syk 2% BSA/TBST 1:1000 a-rabbit-AP | 2% BSA/TBST 1:2000

p-Syk 2% BSA/TBST 1:1000 a-rabbit-AP | 2% BSA/TBST 1:2000

2434. Densitometry Analysis using ImageQuant Software

Phosphorylated and non-phophorylated Crkl bands were quantified using ImageQuant software
(Molecular Dynamics) and p-Crkl as a percentage of the total Crkl protein calculated. The average
signal for each protein band was determined and background signal from blank membrane deducted.
Bands of p-Crkl were measure and graphed as a percentage of the intensity of the total Crkl (ie: p-Crkl
+Crkl=100%). The percentages were then normalised with 0 nM TKI representative of 100% p-Crkl and
the highest concentration of TKI (eg 100 uM imatinib) representative of 0% p-Crkl. The IC50 value was
then taken as the concentration of TKI when normalised p-Crkl reached 50%.

244, Full Moon BioSystems Antibody Microarray

The antibody microarrays utilise fluorescent detection of proteins and provide a high-throughput system
for expression profiling and comparison between treated and untreated samples. For full details of the
proteins contained in each array see Appendix 1B. The arrays were carried out according to the
manufacturer’s instructions. Briefly, 2.5x108 K562 and K562-Dox cells were harvested, placed in a 50
mL Falcon tubes and centrifuged for 5 min at 417 x g. Supernatant was aspirated and cells washed 3x

in cold PBS. Cells were transferred to clean 1.7 mL tubes before addition of lysis beads and 200 uL

- 56 -



Chapter Two — Materials and Methods

extraction buffer. Cells were vortexed vigorously for 1 min before incubation on ice for 10 min. The

vortexing step was repeated at 10 min intervals for the next 60 min.

Following this, cells were centrifuged at 16000 x g for 20 min at 4°C and transferred to clean tubes.
Supernatant was applied to spin columns 100 uL at a time, the columns placed in collection tubes and
tubes centrifuged for 2 min at 750 g. The UV absorptions of resultant protein lysates were measured
using a NanoDrop Spectrophotometer (Thermo scientific). Subject to satisfactory absorbance and
concentration readings in line with the manufacturer’s instructions, 45 pg of lysates were mixed with
labelling buffer and 3 L Biotin/DMF solution. The mixture was incubated at room temperature for 2 h
before addition of 35 pL stop reagent. After incubation at room temperature for 30 min, lysates were
combined with 6 mL coupling solution and poured over pre-blocked microarray slides. Slides were
incubated for 2 h at room temperature on an orbital shaker before washing twice for 10 min in wash
solution. Slides were rinsed extensively in Milli-Q® H20 before detection with detection buffer containing
60 uL Cy3-Streptavidin (0.5 mg/mL). Completed slides were sent to Full Moon BioSystems Array

Scanning Service for analysis.

24.5. Real Time Quantitative PCR (RQ-PCR)

24.51. RNA Extraction

1x108-1x107 cells were lysed in 1 mL of TRIzol reagent and incubated at room temperature for 5 min.
200 pL of chloroform was added, tubes then shaken vigorously for 15 sec and incubated at room
temperature for 2-3 min. Following this time, the tubes were centrifuged at 12000 x g for 15 min at
4°C. The aqueous phase (top layer) was transferred to a fresh RNase/DNase free 1.5 mL tube. RNA
was precipitated by the addition of 1 uL glycogen (20 ug) and 500 WL isopropanol. The samples were
gently mixed and incubated at room temperature for 10 min. RNA was pelleted by centrifugation at

12000 x g for 10 min at 4°C. The supernatant was removed from the RNA pellet, and the pellet washed
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in 1 mL of 75% ethanol and centrifuged at 7500 x g for 5 min at 4°C. Supernatant was removed and
tubes pulse spun to facilitate removal of excess ethanol. The RNA pellet was briefly dried then
dissolved in 20-100 uL DEPC water (depending on size of pellet) at 55°C for 10 min. RNA was
quantified using a NanoDrop Spectrophotometer and samples diluted with DEPC water to achieve the

desired concentration of between 250 ng—1 ug/uL and stored at -70°C.

245.2. cDNA Synthesis
1 ug of RNA was added to 1 pL of random hexamers (250 ng/uL) and total volume taken to 11 uL with
DEPC water. The mixture was heated to 70°C for 10 min and chilled briefly at 4°C. The first strand

synthesis reagent mix was prepared as described below in Table 2.9.

Table 2.9: First strand synthesis reagent mix

Reagent Volume (Per Sample)
5x First strand buffer 4L
0.1MDTT 2L
5mM dNTPs 2L
Superscript |l 1L

9 uL of the reagent mix was then added to each tube, contents gently mixed and placed in a
Mastercycler (Eppendorf). Incubation conditions were as follows:

Hold 1 @ 25°C for 10 min

Hold 2 @ 42°C for 50 min

Hold 3 @ 70°C for 10 min

Hold 4 @ 4°C «

At the completion of this cycle, 20 uL DEPC water was added to each tube, and the cDNA stored at

-20°C.
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2.4.5.3. RQ-PCR for Transporter and Src Family Kinase mRNA Expression
RQ-PCR for transporter mRNA expression was performed as previously described by White et al.'7.
Primers (see Table 2.10) were designed using Primer Express software v2.0 (Applied Biosystems,

Foster City, CA), and were diluted to a working stock of 100 ng/uL in DEPC water. PCR master mix

was prepared as per Table 2.11 for each primer set to be tested.

Table 2.10: Primer sequences for transporter PCR

Primer Name Sequence 5’to 3’
Genes of interest
ABCA9 forward CCT TCC ACG AAA CAA GGA AA
ABCA9 reverse CAGTTC CCACGG GTAACTTTT
ABCB1 forward AGA CAT GAC CAG GTATGC CTAT
ABCB1 reverse AGC CTATCT CCT GTC GCATTA
ABCC1 forward AGG TGGACC TGTTTC GTGAC
ABCC1 reverse AGG TGA TCC TCG ACA GGA AG
ABCC2 forward CTG GGAACATGATTC GGA AGC
ABCC2 reverse GAG GAT TTC CCA GAG CCG AC
ABCC4 forward GGT TCC CCT TGG AAT CATTT
ABCC4 reverse ATC CTG GTG TGC ATC AAA CA
ABCC6 forward ACA CTT CAATTG GGG AGC AG
ABCC6 reverse TGT TGT TCC CTG GAG TAG CC
ABCC12 forward CTC AGT AGG GGAACGTCAGC
ABCC12 reverse TCG CAGTTGAGAACT GTGTTG
ABCG2 forward CAC CTT ATT GGC CTC AGG AA
ABCG2 reverse CCT GCT TGG AAG GCTCTATG
AQP1 forward ATT AAC CCT GCTCGG TCC TT
AQP1 reverse CAT CCA GGT CAT ACT CCT CCA
AXL forward TGC ATG AAG GAATTT GAC CA
AXL reverse TCG TTC AGA ACC CTG GAAAC
CBL forward GCA GCC CAT TAG TAG GTC CA
CBL reverse TAA ATG GCATTG GCA GAT GA
FYN forward ACG GGA GGT TCA CAATCAAG
FYN reverse TTG GTG ACC AGC TCT GTG AG
LYN forward AAG TTG GTG AAA AGG CTT GG
LYN reverse GCCACCTTGGTACTGTTGTTA
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SLC10A1 forward CCA TAG GGATCG TCC TCA AA
SLC10A1 reverse AGG TGG CAATCA AGA GTG GT
SLC28A3 forward CTT CGG TGG GCT CAT AAT GT
SLC28A3 reverse TGA AGC ACC AGC ATC TGT GTA
SYK forward CAC CAA GGA GGG CAAATAGA
SYK reverse TCC CAG CTT CCC AAATGT AG
Standard
hRANKL-D Forward TCAGCCTTT TGC TCA TCT CAC TAT
hRANKL-G Reverse CCACCCCCGATCATGGT
House-keeping genes
BCR Forward CCT TCG ACG TCA ATA ACA AGG AT
BCR Reverse CCT GCGATGGCGTTCAC
GUSB forward CTG AAC AGT CAC CGACGA GA
GUSB reverse GAACGC TGCACTTTTTGGTT

Table 2.11: Preparation of PCR master mix

Reagent Volume (per sample)
SYBR Green S uL
Forward Primer (100 ng/uL) 0.5puL
Reverse Primer (100 ng/uL) 0.5uL
DEPC H20 2L

8 WL of appropriate Master Mix was added to each tube. The standard used in RQ-PCR is Receptor
Activator of Nuclear Factor Kappa-B Ligand (RankL). This was originally supplied by Peter Diamond as
a plasmid and serial dilutions made to achieve 10 000 copies per uL. 1 uL of RankL standard cDNA
was added to RANKL tubes and 2 uL of unknown or cell line control cDNA was added to the allocated
tubes. Tubes were then placed into a 72 well Rotor-Gene (Corbett Research). Results were analysed
using Rotor-Gene 6000 Series software (Corbett Research) and transporter expression was calculated
as a percentage of house-keeping gene expression (BCR for transporter genes, GUSB for Src kinase
genes).
Profile settings on the Rotor-Gene were as follows:

Hold 1 @ 50°C, 2 min

-60 -



Chapter Two — Materials and Methods

Hold 2 @ 95°C, 15 min
Cycling (48 repeats)  Step 1 @ 95°C, hold 15 sec
Step 2 @ 60°C, hold 26 sec
Step 3 @ 72°C, hold 10 sec, acquiring to Cycling A (Sybr)

Hold 3 @ 72°C, 30 sec

2454, RQ-PCR for BCR-ABL mRNA Expression

Previously designed primers and probes?!" (see Table 2.12) for the b3a2 Bcr-Abl transcript contained in
K562 and K562-Dox cells were used. Standards for each transcript (copy number 10-106 for b3a2 and
103-108 for BCR) were prepared and run in every batch. The Hammersmith Hospital supplied the
standard as a plasmid containing a modified b3a2 transcript derived from the K562 cell line.
Approximately 200 bases are removed from ABL exons 2 and 3 and 100 bases of a different sequence
ligated in that region. The resultant plasmid contains an intact sequence in the region of the b3a2
Tagman target sequence. Master mixes were made using the TagMan Universal PCR Master Mix

(Applied BioSystems) as per Table 2.13.

Table 2.12: Primer sequences for Ber-Abl PCR

Primer Name Sequence 5’ to 3’
BCR forward CCT TCG ACG TCA ATA ACA AGG AT
BCR reverse CCT GCGATG GCG TTCAC
TagMan BCR probe TCCATCTCGCTCATCATCACCGACA
b3a2 forward GGG CTCTATGGG TTT CTG AAT G
b3a2 reverse CGC TGAAGG GCTTTT GAACT
TagMan b3a2 probe | CAT CGT CCA CTC AGC CAC TGG ATT TAA GC

Table 2.13: Preparation of PCR master mix

Reagent Volume (per sample)
TagMan Universal PCR Master Mix 12.5 uL
DEPC H20 9.55 L
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Forward Primer (50 uM) 0.1puL
Reverse Primer (50 uM) 0.1 L
Probe 0.25 UL

22.5 L of master mix was pipetted into the appropriate wells of a 96-well PCR plate (on ice), before
adding 2.5 uL of standards in duplicate (see Setup sheet in Appendix 1C). Standard wells were
capped before addition of 2.5 uL cDNA to corresponding wells. Hela cells were used as a negative
control and were included in every experiment along with a no template control. High and low quality
control samples at two different levels of Bcr-Abl were also included to ensure consistency between
assays. The PCR was run on the ABI Prism 7500 Sequence Detection System (Applied Biosystems)
with the following cycler conditions:

Hold 1 @ 50°C, 2 min

Hold 2 @ 95°C, 10 min

Cycling (45 repeats)  Step 1 @ 95°C, hold 15 sec

Step 2 @ 60°C, hold 1 min

After completion of the run, wells were checked for evaporation and the plate discarded. Results were

analysed using the ABI Prism 7500 software (Applied Biosystems).

2.4.6. Tagman Transporter Array

The transporter arrays utilise gene-specific primer and probe sets in order to compare gene expression
between treated and untreated samples. For full details of the genes contained the arrays see
Appendix 1D. The arrays were carried out according to the manufacturer's instructions. Briefly, 6
tubes of cDNA per experimental condition were synthesised as per Section 2.4.5.2 but the 20 uL DEPC

water was not added. cDNA was pooled in a UV cabinet and master mixes made as per Table 2.14.
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Reagent Volume (per plate)
TagMan Universal PCR Master Mix 1040 L
DEPC H20 936 uL
cDNA 104 UL

20 pL master mix was added to each well of the Tagman array plate and the PCR run on the ABI Prism

7500 Sequence Detection System with the following cycler conditions:

Hold 1 @ 50°C, 2 min
Hold 2 @ 95°C, 10 min

Cycling (40 repeats)

Step 1 @ 95°C, hold 15 sec

Step 2 @ 60°C, hold 1 min

After completion of the run, wells were checked for evaporation and the plate discarded. Results were

analysed using the ABI Prism 7500 software (Applied Biosystems).

24.7. Long PCR and BCR-ABL Kinase Domain Sequencing

Previously designed primers (Table 2.15) were used for Long PCR and a master mix made as per

Table 2.16.

Table 2.15: Primer sequences for Ber-Abl Long PCR

Primer Name Sequence 5’ to 3’
LongF 0810 ACT ATG AGC GTG CAG AGT GGA
LongR 0510 GAG GGA GCA ATG GAG ACA CG

Table 2.16: Preparation of sequencing master mix

Reagent Volume (per sample)
dNTP (25 mM) 0.75 uL
DEPC H20 18.325 L
10x Buffer 3 25l
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MgClI (25 mM) 0.75 uL
Forward or Reverse Primer 0.15 L
Expand Enzyme Mix 0.375 L

Expand enzyme mix and 10x Buffer 3 were used from the Expand Long Template PCR System kit
(Roche Diagostics). 23 pL of master mix was pipetted into a flat top PCR tube and 2 uL cDNA added
per corresponding sample. The PCR was then run according to the following cycler conditions:
Hold 1 @ 94°C, 2 min
Cycling (10 repeats)  Step 1 @ 94°C, hold 10 sec
Step 2 @ 60°C, hold 30 sec
Step 3 @ 68°C, hold 2 min
Cycling (30 repeats)  Step 1 @ 94°C, hold 10 sec
Step 2 @ 60°C, hold 30 sec
Step 3 @ 68°C, hold 2 min — increase by 20 sec every cycle
Hold 2 @ 68°C, 7 min

Hold 3 @ 4°C, =

After completion of the run, PCR products were visualised on a 2% agarose gel (stained with ethidium
bromide) to confirm success of the reaction. The PCR products were then cleaned using an
UltraClean™ PCR clean-up DNA purification kit (Mo Bio Laboratories) and diluted 1:4 before being used

as a template for sequencing as described previously?'2,

The primers for forward and reverse sequencing reactions are as detailed in Table 2.17 and the master

mixes were made as per Table 2.18.
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Table 2.17: Primer sequences for Ber-Abl kinase domain sequencing

Primer Name Sequence 5’ to 3’
ABL Kinase F CGC AACAAGCCCACTGTCT
Nest R 1010 CAA GGT ACT CAC AGC CCCACG GA

Table 2.18: Preparation of PCR master mix

Reagent Volume (per sample)
Big Dye 1L
Sequencing Buffer 2 UL
Forward Primer (50 uM) 0.15uL
Reverse Primer (50 uM) 0.15uL
DEPC H20 5.85 UL

9 L of master mix was pipetted into a flat top PCR tube and 1 pL of purified long PCR product added
before cycling as follows:
Cycling (25 repeats)  Step 1 @ 99°C, hold 10 sec
Step 2 @ 50°C, hold 5 sec
Step 3 @ 60°C, hold 4 min

Hold 1 @ 4°C, =

The sequencing reaction was cleaned using the BigDye®XTerminator™ Purification Kit (Applied
Biosystems) as follows: 45 yL SAM™ solution and 10 pL XTerminator™ solution were added to each
sample and vortexed for 30 min. Tubes were then centrifuged for 2 min at 1000 g before being sent to
the sequencing department for in-house sequencing. Results were analysed using Mutation Surveyor

version 3.24 (SoftGenetics).

2.5.  Clinical Details of CML Patients
Newly diagnosed chronic phase CML patients who had not received prior TKI therapy were used in this

study. Patients may have been enrolled in the TIDEL Il or ENESTxtnd trials. TIDEL Il is a phase Il
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study in adult patients of initial intensified imatinib therapy (600 mg once daily), and sequential dose-
escalation (800 mg once daily) followed by treatment with nilotinib (400 mg twice daily) in suboptimal
responders to determine the rate and duration of major molecular response. ENESTxtnd is a phase |lI
study in adult patients to evaluate efficacy of initial nilotinib therapy (300 mg twice daily) using molecular

response.

2.6. Statistical Analyses

Figures were constructed using GraphPad Prism 5.01¢ software (GraphPad Software Inc.) and
Microsoft Excel 2010 software. Column graphs represent the mean plus the standard error of the mean
(SEM) except where specified. Box plots display the median value, the upper 25th and lower 75th
percentiles and the whiskers encompass the 10th and 90th percentiles; points outside this range are
depicted as individual dots. All statistical analyses were performed using SigmaStat 3.0° software
(SPSS Inc.). Normality tests were performed on each data set using a Kolmogorov-Smirnov test. The
Levene Median Test was used to assess for equal variance when appropriate. The Mann-Whitney
Rank Sum or the Student’s t-test were used to determine differences between experimental groups.
Where the data sets passed the normality and equal variance tests a t-test was applied, where the data
failed either test a Mann-Whitney Rank Sum was used. Differences were considered to be statistically

significant when the probability value (p-value) was <0.05.
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Chapter 3

Nilotinib is Imported Passively and has no
Significant Effect on Imatinib OCT-1 Activity
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3.1.  Introduction

We, and others, have previously demonstrated that imatinib is predominantly imported into the
leukaemic cell via active transport through the organic cation transporter 1 (OCT-1)147-150,  QCT-1
activity is determined by the difference between imatinib Intracellular Uptake and Retention (IUR) in the
absence and presence of the specific OCT-1 inhibitor prazosin and is highly predictive of patient
response®.177. Conversely, nilotinib does not require OCT-1 to gain entry to leukaemic cells'>° and
instead this drug appears to enter cells in a predominantly passive manner'8’. Previous research from
our laboratory has demonstrated that the addition of nilotinib to radiolabelled imatinib reduced the
intracellular concentrations of imatinib, however this reduction failed to reach statistical significance®.
More recently it was proposed that the nilotinib-mediated reduction of intracellular imatinib was due to
inhibition of OCT-1'87,  This suggestion could have significant implications for imatinib/nilotinib
combination therapies as well as an adversely affecting the action of concomitantly administered
medications transported by OCT-1, such as the diabetes drug metformin2'3.214 and ranitidine2'> which
inhibits the production of stomach acid. This chapter aims to assess the effect of nilotinib on imatinib

OCT-1 activity as this measurement is the key predictor of long term patient response?s!.

3.2. Approach

IUR experiments were performed as described (Section 2.4.1) on CML cell lines as well as thawed
CML patient mononuclear cells (MNCs) (Section 2.3.5) isolated from peripheral blood diagnosis
samples. OCT-1 activity was measured using the OCT-1 inhibitor prazosin (Section 2.4.1.1). The IUR
and OCT-1 activity are expressed as ng of TKI per 200 000 cells. To investigate the transport kinetics
of nilotinib compared with imatinib, K562 cells were incubated with either '4C-imatinib or -nilotinib (2 uM)
at 37°C versus 4°C for timepoints ranging from 2 min to 2 h. At 37°C all modes of cellular transport are
functional whereas at 4°C active transport in the cell is inhibited and any alterations in intracellular drug

concentrations are predominantly due to passive transport. To investigate the effect of nilotinib on
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imatinib OCT-1 activity, patient cells were incubated with '4C-imatinib at 1 uM and 2 uM for 2 h at 37°C
alone and in combination with prazosin (100 uM) and non-radiolabelled nilotinib (1 uM and 2 pM).
Imatinib was used at 1 and 2 uM as these concentrations accurately reflect trough levels seen in patient
plasma. Nilotinib was used at 1 and 2 yM as we have previously shown a nilotinib-mediated decrease
in intracellular imatinib at these concentrations'® and it has been postulated that this is due to inhibition
of OCT-1 by nilotinib™®7. Thus, in order to distinguish the effects of nilotinib on passive versus active
(OCT-1-mediated) imatinib import, experiments were performed in K562 cells at both 37°C and 4°C.
Additionally, it has previously been suggested that higher concentrations of nilotinib could abolish
uptake of OCT-1 substrates such as imatinib and tetraethylammonium bromide (TEA). Thus, in order to
investigate this hypothesis, IUR experiments were performed with 4C-imatinib and -TEA in the absence
and presence of 4 uM nilotinib. The analyses discussed in this chapter were used to determine how
nilotinib uptake kinetics differ from those of imatinib and whether there is any detrimental effect on

imatinib OCT-activity when used in combination with nilotinib.

3.3. Results

3.3.1. The Uptake Kinetics of Nilotinib are Different to Imatinib and Provide a Strong
Indication for ATP-Dependent Efflux
K562 cells were incubated in the presence of 2 uM 14C-labelled TKI at differing temperatures and time
points. Results demonstrated that after 15 min incubation with 4C-nilotinib there was no significant
difference in the IUR of nilotinib at 4°C versus 37°C (p=0.972; Table 3.1), arguing against an active
mode of influx. However, after 2 h incubation the IUR of nilotinib was significantly less at 37°C than at
4°C (p<0.001; Figure 3.1) providing a strong indication for this drug undergoing ATP-dependent efflux.
Conversely, the IUR of imatinib was significantly higher at 37°C than at 4°C for both timepoints
(p=0.008 and p=0.024 respectively; Figure 3.2). Thus, data demonstrate that the kinetics of

intracellular drug accumulation of nilotinib is statistically different to that of imatinib and indicates that
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Table 3.1: The uptake kinetics of nilotinib are significantly different to imatinib

15 min 2h
(ng/200 000 cells) (ng/200 000 cells)

14C-nilotinib at 37°C 279 £ 88 89 + 22 p<0.001
14C nilotinib at 4°C 28375 283+ 9% p=0.951

p=0.972 p<0.001
14C-imatinib at 37°C 44 +10 3510 p=0.342
14C-imatinib at 4°C 228 216 p=0.576

p=0.008 p=0.024

K562 cells were incubated in the presence of 2 uM '“C-labelled TKI as indicated. Data suggest that
nilotinib is actively pumped out of the cell at 37°C but not at 4°C indicating passive influx and an ATP-
dependent efflux mechanism. Conversely, imatinib IUR remains stable over 2 h at both 37°C and 4°C
confirming imatinib enters the cell in an active manner. The data represent the median of at least five
separate experiments performed in triplicate £SD. Statistical analyses were performed using Student’s

t-test with statistically significant p-values highlighted in bold.
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Figure 3.1: Nilotinib enters K562 cells passively followed by active efflux at 37°C

K562 cells were incubated in the presence of 2 uM 14C-nilotinib at differing temperatures for 2 min to 2
h. Data indicate uptake of 4C-nilotinib within the first 15 min of incubation is efficient and predominantly
passive; however a temperature dependent, ATP-related efflux mechanism subsequently predominates
resulting in a reduction in IUR at 37°C but not at 4°C. The data represent the mean of seven separate
experiments performed in triplicate. Statistical analyses were performed using Student’s t-test with
statistically significant p-values denoted by asterisks at the corresponding time points (* p<0.05; **

p<0.01; *** p<0.001). Error bars represent SEM.
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Figure 3.2: Imatinib enters K562 cells via active transport and is retained for at least two hours

K562 cells were incubated in the presence of 2 uM "4C-imatinib at differing temperatures for 2 min to 2
h. Data indicate OCT-1 mediated active uptake of "4C-imatinib contributing to the stability of intracellular
concentrations over the 2 h time period assayed. The data represent the mean of five separate
experiments performed in triplicate. Statistical analyses were performed using Student’s t-test with
statistically significant p-values denoted by asterisks at the corresponding time points (* p<0.05; **
p<0.01). Error bars represent SEM. Imatinib IUR experiments were conducted by Amity Frede who

had no role in the analysis of the data.
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nilotinib is rapidly taken into cells in an ATP-independent manner. This is in contrast to active influx of
imatinib via OCT-1. Once equilibrium between influx and efflux of imatinib was established over the two
hour time period, a balance occurred between active import by OCT-1 and efflux, resulting in the
characteristically stable intracellular imatinib concentrations observed. However, since the uptake of
nilotinib is most likely passive, along a concentration gradient, the same pattern of transport kinetics did
not occur. Instead, the active efflux component predominated resulting in the export of nilotinib from the

cell and the subsequent reduction observed in intracellular concentrations.

3.3.2. Nilotinib has No Significant Effect on OCT-1 Activity in CML Patient Cells

In order to examine the effects of nilotinib on intracellular imatinib concentrations, as well as the
functional activity of the OCT-1 protein, patient MNCs were incubated with nilotinib and imatinib in
combination. While intracellular concentrations of #C-imatinib in patient cells were reduced in the
presence of 1 yM and 2 uM nilotinib when the two TKls were incubated simultaneously at 37°C, this
reduction failed to reach statistical significance at either concentration: 1 yM imatinib alone=8.1, +1 uM
nilotinib=7.6, +2 uM nilotinib=7.6 ng/200 000 cells; 2 uM imatinib alone=17.1, +1 uM nilotinib=15.1, +2
UM nilotinib=15.1 ng/200 000 cells; p>0.05 for all data points (Figure 3.3). There was also no
significant effect of 1 yM and 2 uM nilotinib when used in conjunction with the OCT-1 inhibitor prazosin,
and therefore no effect on imatinib OCT-1 activity in this patient cohort (n=7, p=0.710 and 0.974
respectively). Similar experiments were performed with K562 cells, with results confirming those
observed in patient cells (Figure 3.4). Again, addition of nilotinib to 14C-imatinib decreased imatinib IUR
without this reduction reaching statistical significance: 1 uM imatinib alone=12.9, +1 uM nilotinib=11.1,
+2 UM nilotinib=11.2 ng/200 000 cells; 2 UM imatinib alone=26.9, +1 uM nilotinib=21.0, +2 uM
nilotinib=21.2 ng/200 000 cells; p>0.05 for all data points. It is important to note that while the
reductions observed in imatinib IUR upon addition of nilotinib and prazosin in most patients and cell

lines are not statistically significant, these reductions occur consistently in every experiment performed.
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Figure 3.3: Nilotinib reduces imatinib IUR without affecting OCT-1 activity in patient cells

Patient MNCs were incubated with 4C-imatinib and the IUR determined by scintillation counting. The
percentage change in the presence of 1 M and 2 uM nilotinib was calculated when compared with cells
incubated in the absence of nilotinib. OCT-1 activity is a read out for the functional activity of the OCT-1
protein and data demonstrate that the addition of nilotinib has no significant effect on the OCT-1 activity
of imatinib. Data represent the mean from experiments performed in triplicate from seven different
patients. Statistical analyses were performed using Student’s t-test. p-values on the left correlate with
MNCs incubated with 1 uM nilotinib while p-values on the right correlate with MNCs incubated with 2 yM

nilotinib. Error bars represent SEM. IM=imatinib; NIL=nilotinib.
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Figure 3.4: Nilotinib reduces imatinib IUR without affecting OCT-1 activity in cell lines

K562 cells were incubated with "C-imatinib at 37°C in the absence and presence of prazosin and the
IUR determined by scintillation counting. Data demonstrate that the addition of 1 yM and 2 pM nilotinib
consistently reduces the IUR of imatinib (1 and 2 yM). The addition of prazosin further reduces imatinib
IUR while having no effect on OCT-1 activity. Data represent the mean from three separate
experiments performed in triplicate. Statistical analyses were performed using Student's t-test. Error

bars represent SEM. IM=imatinib; NIL=nilotinib.
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Thus, it is possible that even though nilotinib does not adversely affect the major mode of imatinib
uptake (OCT-1), it is able to exert influence over a minor efflux mode. Consistent with this reasoning is
the fact that the most notable reduction in intracellular imatinib concentrations in CML patient MNCs is
observed in the 2 uM imatinib +prazosin arm of the experiment, in which the OCT-1 independent, most
likely passive, influx of imatinib is measured (Figure 3.3). While uptake of imatinib is primarily active, a
passive component also contributes to intracellular drug levels. Thus, these data suggest that nilotinib
is affecting this mode of imatinib transport rather than the OCT-1-mediated import upon which patient

response is dependent.

3.3.3. Nilotinib Hinders Passive Imatinib Uptake

In order to investigate the effect of nilotinib on passive imatinib uptake further, IUR experiments with
K562 cells performed at 37°C and 4°C were compared. As detailed above, at 37°C a reduction in
intracellular "4C-imatinib in the presence of 1 yM and 2 pM nilotinib was observed, confirming results
from patient cells. Importantly, there was no effect on OCT-1 activity (Figure 3.4). Similar experiments
conducted at 4°C (Figure 3.5), a temperature at which OCT-1 mediated uptake of imatinib is inhibited,
demonstrated that the level of 2 uM imatinib alone is reduced to levels comparable to those observed in
the 37°C +prazosin arm of the experiment (16.8 vs 20.2 ng per 200 000 cells respectively; p=0.368).
Furthermore, at 4°C there was an additional reduction in the intracellular concentration of imatinib in the
presence of 1 yM and 2 pM nilotinib (13.1 and 13.7 ng per 200 000 cells respectively) suggesting that
the effect of nilotinib is mediated through passive, and not active, ATP-dependent mechanisms such as

inhibition of OCT-1. As anticipated, there was no measurable effect of prazosin at 4°C.

It has previously been suggested that high micromolar concentrations of nilotinib are capable of

reducing uptake of OCT-1 substrates'®”. Thus, in order to further examine the effect of nilotinib on

OCT-1 mediated drug uptake, the experiments of Davies et al., in which 4 uM nilotinib reduced the
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Figure 3.5: Nilotinib reduces imatinib IUR by inhibiting passive uptake

K562 cells were incubated with 2 uM #C-imatinib at 37°C and 4°C in the absence and presence of
prazosin and IUR determined by scintillation counting. Data demonstrate that the IUR of imatinib at 4°C
in the absence and presence of nilotinib is comparable to that seen at 37°C in the presence of prazosin.
Addition of 1 yM and 2 uM nilotinib consistently reduces the IUR of imatinib. The addition of prazosin
further reduces imatinib IUR while having no effect on OCT-1 activity. Data represent the mean from

four separate experiments performed in triplicate. Error bars represent SEM. IM=imatinib; NIL=nilotinib.
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uptake of both imatinib and the model OCT-1 substrate TEA, were recapitulated. In contrast to this
previous report, we found that 4 uM nilotinib did not reduce the intracellular concentrations of either

imatinib (Table 3.2) or TEA (Table 3.3).

3.4. Discussion

While much is known about the transport kinetics of imatinib, to date, little has been published on those
of nilotinib. A better understanding of how nilotinib is transported into and out of the leukaemic cell may
allow enhancement of drug uptake and retention via modulation of any drug transporters involved.
Additionally, increased knowledge of nilotinib transport may also lead to new advances regarding the
efflux of this TKI, with the possibility of inhibition of any drug transporters involved. The findings
described in this chapter strongly suggest that nilotinib enters the leukaemic cell in a passive manner
which is in contrast to the active OCT-1-dependent influx of imatinib. Maximum intracellular
concentrations of 4C-nilotinib are reached within 15 min of incubation, followed by a rapid, temperature-
sensitive decrease. The kinetics of imatinib uptake demonstrate that at 37°C equilibrium exists between
active/passive influx and active/passive efflux resulting in the high stable intracellular levels observed.
At 4°C, there is again equilibrium between influx and efflux, however, at this temperature transport is
predominantly passive resulting in the lowered stable intracellular levels observed. The kinetics of
nilotinib differ to those of imatinib in that influx is likely due to passive mechanisms only. Thus, at 37°C,
active efflux predominates resulting in intracellular levels that decline over time. However, at 4°C the
equilibrium that exists between passive influx and efflux results in the stable intracellular levels observed

(Figure 3.6).

One might wonder why the decline in intracellular nilotinib occurs after fifteen minutes rather than

immediately following drug exposure. There are two possible explanations for this: the first being that

nilotinib may up-regulate expression of its own transporter, a phenomenon observed previously with
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Table 3.2: High concentrations of nilotinib have no effect on the IUR of imatinib

0.5 uM imatinib 1 UM imatinib 2 UM imatinib
+nilotinib +nilotinib +nilotinib
K562 75205 7.0+13 13.0+25 131128 26,7134 23344
p-values 0.738 0.982 0.575

KCL22 74+04 76%03 146+13 15602 301+£32 274+32

p-values 0.715 0.467 0.595

K562 and KCL22 cells were incubated for 2 h at 37°C in the presence of the indicated drug
combinations. The IUR of imatinib in the absence and presence of 4 uM nilotinib was then determined
via scintillation counting. Data demonstrate that nilotinib has no significant effect on imatinib IUR at
concentrations previously reported to abolish 4C-imatinib uptake. All values were calculated in ng per
200 000 cells. Data represent the mean from three separate experiments performed in triplicate £SEM.

Statistical analyses were performed using Student’s t-test.
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Table 3.3: High concentrations of nilotinib have no effect on the IUR of TEA

Time points (min) 0 2 15 30 60 120
TEA alone 0 | 99+12 | 96+£06 | 92+£09 | 10105 | 11.3+0.7
+4 UM nilotinib 0 | 99+08 | 109+13 | 105£07 | 11.1+£0.7 | 11.3+1.2
p-values N/A 0.982 0.422 0.316 0.300 0.973

K562 cells were incubated for time periods ranging from 2 min to 2 h at 37°C with 14C-TEA (5 pM) in the
absence and presence of 4 uM nilotinib. The concentration of TEA per 200 000 cells was then
determined via scintillation counting. Data demonstrate that the addition of nilotinib has no significant
effect on the IUR of TEA as previously reported. Data represent the mean of four separate experiments

performed in triplicate +SEM. Statistical analyses were performed using Student’s t-test.
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Figure 3.6: Schematic representation of the net effect of temperature on TKI transport

At 37°C, the equilibrium between imatinib influx and efflux results in a stable high intracellular
concentration. At 4°C the intracellular levels remains stable but are lower due to the absence of active
transport. Conversely, at 37°C active efflux of nilotinib predominates over passive influx resulting in
intracellular levels that decline over time. Whereas at 4°C, passive transport of nilotinib results in stable

intracellular levels analogous to those of imatinib.
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other xenobiotics'38216-219 and further discussed in Chapter 7. Secondly, movement of substrates
through transporters is not instantaneous with prior research demonstrating that substrate traversal of
the lipid bilayer via ABCB1 can take from minutes (doxorubicin) up to an hour (rhodamine-123)220,
Therefore, it is possible that nilotinib requires approximately fifteen minutes to move through its efflux
transporter/s whereby explaining the delay before intracellular levels begin to decline. Because efflux
transporters appear to play such a critical role in the determination of intracellular nilotinib
concentrations, it is unlikely that accumulation of nilotinib can be further improved by alteration of drug

influx, but instead, potentially by inhibition of efflux transporters as discussed in further chapters.

OCT-1 activity is defined as the functional activity of the OCT-1 protein and is determined by assessing
the levels of imatinib in the absence and presence of the OCT-1 inhibitor, prazosin. Our laboratory has
previously demonstrated this measure is highly predictive of long term patient response to
imatinib31.177, We1%4 and others'®” have observed a decrease in intracellular imatinib in the presence of
nilotinib and this has been postulated to be due to inhibition of the OCT-1 protein'”. Thus, determining
whether nilotinib adversely affects imatinib OCT-1 activity is crucial, especially given the increasing
emphasis on combination and individualised therapy regimes in the treatment of CML. The data
described here provide no evidence of a nilotinib-mediated effect on imatinib OCT-1 activity. Although
the addition of nilotinib to imatinib does result in a decrease in the intracellular concentration of imatinib,
this reduction fails to reach statistical significance. No evidence was found that this decrease is
mediated through OCT-1 or any other active process, suggesting that nilotinib may interfere with the
passive uptake of imatinib. It is well established that nilotinib is more lipophilic than imatinib, offering the
possible explanation that nilotinib is more likely to be trapped in the plasma membrane resulting in steric

hindrance of the passive import of imatinib through the cell membrane (Figure 3.7).
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Figure 3.7: Schematic summary of the effects of nilotinib and temperature on imatinib influx

At 37°C both active and passive influx of imatinib occurs, whereas at 4°C only passive influx occurs resulting in a lowered IUR (upper figures). Passive influx
of imatinib is blocked in the presence of nilotinib at both 37°C and 4°C but the IUR at 4°C is significantly decreased due to the additional inhibition of active
influx at this temperature (middle figures). In the presence of both prazosin and nilotinib, the IUR is comparable to that in the 4°C imatinib +nilotinib arm of

the experiment as here both active and passive transport is also inhibited (lower figure).
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OCT-1 has a large extracellular substrate binding domain containing multiple binding sites, hence we
wanted to determine whether the influx of other OCT-1 substrates was also affected by nilotinib.
Studies performed by Davies et al.18” suggest that nilotinib is able to reduce uptake of the model OCT-1
substrate, tetraethylammonium bromide (TEA), and the authors conclude this is due to nilotinib
disrupting the function of OCT-1. However, as we did not observe any effect of nilotinib on OCT-1
activity, we sought to replicate these experiments. In agreement with data from the imatinib and
nilotinib combination experiments described, we found the uptake of TEA was unaffected by addition of
nilotinib after two hours co-incubation. Davies et al. performed timecourse experiments assessing the
effect of nilotinib on the uptake of TEA over a period of 10 min—-2 h. Results demonstrated an initial
inhibition of TEA uptake in the presence of 4 uM nilotinib, however, the difference was abolished by
later time points. In fact, results confirmed those described here with no difference in intracellular TEA
concentrations apparent following two hours incubation with nilotinib. Moreover, the extremely high
micromolar concentrations of nilotinib used in their studies are unlikely to be achieved intracellularly in
patients, demanding caution in interpretation of their results. Thus, while we conclude it is unlikely that
OCT-1-mediated transport of drugs such as imatinib and metformin would be blocked when co-
administered with nilotinib, due to the multiple binding sites within the OCT-1 protein, it is not possible to
infer from experiments performed with one OCT-1 substrate a universal effect on all substrates. The
interaction of different substrates must be independently assessed as binding regions within the

extracellular domain may or may not overlap or interact.

In conclusion, data presented here demonstrates that the transport kinetics of nilotinib differ from those
of imatinib and suggest that transport of this drug is mediated by passive influx and active efflux. The
findings presented in this chapter also illustrate that while nilotinib does decrease what is most likely
passive imatinib uptake, albeit insignificantly, it has no effect on OCT-1 activity. Nilotinib also has no

significant effect on the uptake of the model OCT-1 substrate TEA. No evidence was found that nilotinib
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would result in significant reductions in the intracellular concentration of co-administered drugs, such as

imatinib, metformin or ranitidine, which are also transported through OCT-1.
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Chapter 4

Nilotinib-Mediated Kinase Inhibition is
Decreased by High Levels of ABCB1 but not
ABCG2
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4.1. Introduction

Intracellular drug concentrations are dependent on numerous parameters including absorption,
distribution, metabolism, excretion and toxicity (ADME-Tox). One of the major groups of transporters
involved in ADME-Tox is the ATP-Binding Cassette (ABC) superfamily. These transporters are capable
of transporting chemotherapeutics and other xenobiotics across cell membranes and have been
identified as a cause of multidrug resistance'”2. ABC transporters are expressed at points of drug
penetration and hence play a key role in the removal of a wide variety of toxic agents from cells as well
as the prevention of such compounds from traversing tissue barriers and penetrating ‘sanctuary’ sites
such as the brain and testes. ABC transporters are comprised of, at minimum, four characteristic
domains: two helical transmembrane regions embedded within the cell membrane and two cytoplasmic
ATP-binding domains. While the ATP-binding domains are highly conserved, the transmembrane
domains vary, thus allowing interaction with, and transport of, a diverse range of compounds'”3. Two
prominent members of the ABC superfamily, ABCB1 and ABCG2 have previously been implicated in the
efflux of tyrosine kinase inhibitors (TKIs) from Chronic Myeloid Leukaemia (CML) cells!!5.140.146,
However, much conjecture exists concerning the TKI:ABC transporter relationship. Some studies
suggest TKIls are ABC transporter substrates?45.153.154.176.173 " while others suggest the TKIs have an
inhibitory function155.180-182187.189  Fyrthermore, the reported TKI:ABC transporter relationships vary with

each TKI and transporter, as well as with the specific concentration of TKI tested in individual studies.

ABCB1 (multidrug resistance protein 1, MDR1; P-glycoprotein, PgP) is a 170 kDa protein primarily
expressed at blood-tissue barriers such as blood-brain and blood-testis as well as at the apical surface
of cells found in the liver, intestine, kidney and importantly, primitive haematopoietic stem cells'72. The
transporter consists of twelve membrane spanning regions and two ATP-binding domains?2! (Figure
4.1) which hydrolyse molecules of ATP in two separate reactions in order to transport a substrate;

usually a hydrophobic molecule of neutral or positive charge?22. The first hydrolysis reaction provides
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%1280

Figure 4.1: Structure of ABCB1

a) Schematic representation showing the protein’s twelve transmembrane regions and two ATP-binding
sites?23. b) A two-dimensional model of ABCB1 showing the 1280 amino acid sequence (PURPLE) with
key point mutations altering substrate specificity shown in BLACK and sites of phosphorylation

designated (P) (modified from Ambudkar et al.22).
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energy for substrate transportation while the second is required to transform the transporter back to its
original conformation ready for substrate binding2?4. It has been proposed that ABCB1 contains at least
three drug binding sites which interact to cooperatively transport substrate225-228  (Figure 4.2a).
However, more recent studies suggest a single large, flexible binding region containing subsites for
binding of multiple drug molecules simultaneously. These distinct but over lapping domains allow
induced fit of numerous substrates through hydrogen bonding and hydrophobic interactions with the
amino acids lining the binding pocket. Additionally, the number, magnitude and specificity of these

interactions determine the strength of drug binding (Figure 4.2b)229.230,

ABCG?2 (breast cancer resistance protein, BCRP) is a 72 kDa protein which is also primarily expressed
at blood-tissue barriers with mRNA analysis indicating this transporter is most prevalent in placental
tissue231232, ABCG2 is also expressed to a lesser extent at the apical surface of brain, liver, prostate,
intestinal and stem cells'72231, Unlike ABCB1, ABCG2 exists as a half-transporter consisting of six
transmembrane regions and one ATP-binding domain (Figure 4.3a) that dimerises to form a functional
homodimer223.233,  |n addition, it has been suggested that ABCG2 subunits are also capable of
assembling into a functional tetrameric structure with a central aqueous region bridged by disulphide
bonds234-236, To date, no crystal structure is available for ABCG2, however, computational modelling
based on closely related bacterial transporters combined with predicted secondary structures have
resulted in a hypothetical structurez3” . Images from high resolution electron microscopy confirm that
ABCG2 most likely functions as a tetrameric complex comprised of four ABCG2 homodimers234-236
transporting diverse substrates of both positive and negative charge, sulphate conjugates as well as
organic anions (Figure 4.3b)232. In contrast to most other ABC transporters, ABCG2 contains the ATP-
binding domain at the N-terminal of the protein. However, like ABCB1, ABCG2 is also predicted to have

multiple binding sites with over lapping specificities??8.
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QZ59-RRR QZ59-SSS

Figure 4.2: High resolution crystal structures of ABCB1 bound to different peptide molecules

a) One possible model of ABCB1 binding sites suggests three distinct sites operate cooperatively: one
molecule of QZ59-RRR (GREEN, a cyclic peptide) binds to the middle site of the drug binding region;
two molecules of QZ59-SSS (a steroisomer of QZ59-RRR) are able to bind to the upper ( ) and
lower (RED) binding sites in different orientations (adapted from Eckford et al2%3). b) Another possible
model suggests a single binding site able to accommodate multiple molecules: one QZ59-RRR
molecule (GREEN) and two QZ59-SSS molecules (BLUE and CYAN) bind simultaneously (modified

from Aller et al?).
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Figure 4.3: Schematic diagram of ABCG2 and the predicted structure of an ABCG2
homotetramer

a) Schematic representation showing the half-transporter’s six transmembrane regions and single ATP-
binding site223. b) A central (left) and side (right) view of a hypothetical ABCG2 homo-tetramer predicted

by computational modelling23>.
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Numerous inhibitors of both ABCB1 and ABCG2 that reverse the multi-drug resistance phenotype have
been identified. While these compounds do not result in cell death directly, when co-administered with
certain cytotoxic drugs known to be transported by ABCB1 and/or ABCG2, the efflux of the cytotoxic
drug is prevented resulting in increased concentrations within the cell. Competitive inhibitory
compounds bind to the transporter with high affinity, preventing the transport of other substrates.
Alternatively, these inhibitors may induce a conformational change upon binding consequently
preventing substrate binding and/or ATP-hydrolysis. Inhibitors can also be substrates; these
compounds lock the transporter in a futile and repetitive transport cycle resulting in a much slower rate
of transport of the cytotoxic substrate resulting in increased intracellular concentrations and subsequent

cell death3s,

The concentration at which transport modulators and cytotoxic compounds are used appears to be
extremely important. It has been demonstrated that the small molecule sulfinpyrazone can function as
both an enhancer?®¥® and inhibitor40 of ABC transporter-mediated export depending on the
sulfinpyrazone concentration and experimental system utilised. Similarly, the disparity observed in the
literature with regard to the TKl:transporter relationship may also be explained by variations in
methodologies used in individual studies, with differences in model substrates, temperatures and times
of incubation and, importantly, drug concentrations all likely to influence experimental outcome.
Conflicting reports exist identifying nilotinib as both a substrate and inhibitor of ABCB1 and ABCG2.
Generally, it appears that at high micromolar concentrations (>1 uM) nilotinib functions as an inhibitor of
both ABCB1 and ABC(G2153-155.187-189 whereas at lower, nanomolar concentrations nilotinib is a substrate
of these transporters'®3-155 (Tables 4.1a and b). Indeed, Hegedus et al. aptly demonstrated that
vanadate-sensitive ATPase activity varied with TKI concentration'®.  Similarly, utilisation of this
colorimetric assay has revealed that at concentrations below 10 uM, verapamil acts as a stimulator of

ABCB1 ATPase activity whereas at higher concentrations it functions as an inhibitor241.
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Table 4.1a: Different nilotinib:ABCB1 interactions occur at different TKI concentrations

Substrate Inhibitor Concentration Reference

v <100 nM Dohse et al.15*

v 500 nM-1 uM Hegedus et al.1%
7 5uM Davies et al.187
v 500 NM-2.5 M Dohse et al.1%*
v >1 M Hegedus et al.'5
v >1 M Hiwase et al.1%
4 >2.5 uM Tiwari et al.18

Table 4.1b: Different nilotinib:ABCG2 interactions occur at different TKI concentrations

Substrate Inhibitor Concentration Reference

v 10 and 25 nM Brendel et al.1%3

v <100 nM Dohse et al.15*

v 10 nM-1pM Hegedus et al.1%
v 100-200nM Brendel et al.153
7 2.5 M Davies et al.187
v 500 nM-2.5 uM Dohse et al.!
v >1 M Hegedus et al.'55
v >1 M Tiwari et al.189
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To overcome the discrepancies observed previously due to differences in methodologies, in this study
we have used Bcr-Abl kinase inhibition as the confirmatory readout for drug:transporter interactions.
We have previously demonstrated that the degree of kinase inhibition achieved is linked to patient
response2'0, The amount of TKI which enters and is retained in the target leukaemic cells influences
the degree of kinase inhibition. High drug efflux results in lower intracellular drug concentrations, hence
lower kinase inhibition and a greater concentration of TKI required to inhibit kinase activity by 50%
(higher 1C50 value). The C1T10 regulator of kinase like (Crkl) protein is an immediate downstream
effector molecule of Ber-Abl, with levels of its phosphorylated form (p-Crkl) directly proportional to Ber-
Abl kinase activity. Thus, by measuring alterations of Crkl phosphorylation status in the presence of
TKls and high or low ABCB1 and ABCG2 expression, the differences in calculated IC50 values provide
direct evidence for TKl:transporter interactions. The use of a range of TKI concentrations selected to
span the IC50 value also provides insight into these interactions at pharmacologically relevant TKI
concentrations. Thus, because the level of kinase inhibition is a key determinant of patient response,
the approach described is both clinically applicable, and the most relevant approach for assessment of

the effect of ABC transporters on TKI mode of action.

4.2. Approach

To investigate the role of ABCB1 and ABCG2 in the transport of nilotinib, TKI-mediated kinase inhibition
was used as the key readout for determining TKl:transporter interactions. This enabled a direct
assessment of TKIl-mediated kinase inhibition over a large concentration range, thus resolving current
conjecture within the literature pertaining to clinically relevant dosages. |C50 experiments (Section
2.4.2) and western blot assays specific for p-Crkl inhibition (Section 2.4.3.1) were performed on the
parental K562 cell line, as well as ABCB1/ABCG2 over-expressing variants, in the absence and
presence of specific inhibitors of efflux (Section 2.2.10). Verapamil was used at a concentration of 50

UM as this has previously been demonstrated to specifically inhibit ABCB1 activity?*2 whereas at higher
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concentrations inhibition of ABCG2 and/or ABCC1 may also occur'74243, PSC-833 is also known to be
a potent inhibitor of ABCB1 and was used at 10 uM244.245_ |f nilotinib is a substrate for ABCB1/ABCG2,
one would expect that in the presence of efflux inhibition nilotinib will be more effectively retained within
the cell leading to increased kinase inhibition which reads out as a decreased IC50 value. Expression
levels of ABCB1 and ABCG2 were assessed prior to each experiment using flow cytometric analysis
(Section 2.3.8.1). Additionally, efflux studies (Section 2.3.9) were performed to confirm that
transporters were functionally active. Fluorescently labelled rhodamine-123 was used as a probe for
ABCB1 function while BODIPY-prazosin was used as a probe for both ABCB1 and ABCG2 function. In
these experiments, low levels of probe indicate high expression and function of ABCB1 or ABCG2.
Upon addition of ABCB1/ABCG2 inhibitors levels of probe should increase due to export being
prevented. Efflux studies were also performed in the presence of five different concentrations of
nilotinib: 150 nM, 500 nM, 1 uM, 2 uM and 5 uM in order to determine whether low versus high nilotinib

concentrations have differing inhibitory effects on ABCB1 and ABCG2 function.

In a separate series of experiments, cell lines were incubated in the absence and presence of ABCB1
and ABCG2 specific inhibitors using 150 nM nilotinib in order to determine whether this lower
concentration caused sufficient inhibition of Ber-Abl kinase activity as measured by p-Crkl protein levels.
To investigate the effect of ABCB1 and ABCG2 inhibition on intracellular concentrations of radiolabelled
nilotinib, Intracellular Uptake and Retention (IUR) assays (Section 2.4.1) were performed for time points
ranging from 2 min to 2 h on cell lines in the absence and presence of ABCB1/ABCG2 specific
inhibitors. In these experiments, inhibitors were added for 30 min prior to addition of radiolabelled TKI to
allow sufficient inhibition of the transporter to take place. To determine whether nilotinib:ABC
transporter interactions were concentration specific, intracellular 4C-nilotinib levels were assessed
following incubation with both 150 nM and 2 uM nilotinib. A secondary set of IC50NL experiments were

conducted in parallel using various concentrations of the proton pump inhibitor pantoprazole. Proton
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pump inhibitors, such as pantoprazole, are frequently prescribed to CML patients to alleviate gastric
side effects experienced as a result of TKI therapy or as ongoing therapy. Thus it was pertinent to
evaluate whether concomitant administration of pantoprazole had an effect on nilotinib-mediated kinase
inhibition. The analyses discussed in this chapter were used to determine the impact of high levels of
ABCB1 and ABCG2 on nilotinib-mediated kinase inhibition. This approach enabled resolution of current
discrepancies as a result of differences in methodologies between studies. In addition, these analyses
emphasised the importance of concentration when studying TKI:ABC transporter relationships and
highlighted the possibility of ABC transporters other than ABCB1/ABCG2 playing a role in nilotinib

transport.

4.3. Results

4.3.1. High Levels of ABCB1 but not ABCG2 Decrease Nilotinib-Mediated Kinase Inhibition
Flow cytometric analyses were performed on all cell lines prior to each experiment to confirm levels of
ABCB1 and ABCG2 expression. The mean fluorescence intensity (MFI) for each cell line was
compared with the corresponding isotype control. K562 and KU812 cells had characteristically low
expression of both ABCB1 and ABCG2 (<3% and 2-7% respectively). K562-Dox cells demonstrated
very high ABCB1 expression 92-99% and negligible ABCG2 expression, while K562-ABCG2 cells

demonstrated 55-70% ABCG2 expression and negligible expression of ABCB1 (Figure 4.4).

ABCB1 and ABCG2 substrate efflux studies were also performed to confirm the functional activity of
transporters. In the K562-Dox and K562-ABCG2 cell lines where there is 99% and >50% expression
(ABCB1 and ABCG2 respectively), addition of specific inhibitors resulted is near complete inhibition of
the transporters’ functional activity as assessed by rhodamine-123 and BODIPY-prazosin. Results for
all cell lines were consistent with expression levels of ABCB1/ABCG2 and are summarised in Figure

4.5 and Table 4.2. K562 cells demonstrated high levels of rhodamine-123 and BODIPY-prazosin in the
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Figure 4.4: ABCB1 and ABCG2 protein expression in Ber-Abl positive cell lines

K562 (a, b), K562-Dox (c, d), K562-ABCG2 (e, f) and KU812 (g, h) cells were stained with fluorescently
labelled antibodies for ABCB1 (a, ¢, €, g) and ABCG2 (b, d, f, h) and transporter protein expression
levels determined by flow cytometric analysis. The bold BLACK lines represent cells stained with either
ABCB1-PE or ABCG2-PE antibodies, while the GREY filled histograms represent cells stained with
corresponding isotype control antibodies. The percentages displayed denote cells positive for

transporter expression. Data are representative of typical expression levels.
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Table 4.2: Summary of the MFI depicted by the histograms in Figure 4.5

Cell Line rho-123 rho-123 + PSC-833 B-P B-P +Ko143 B-P B-P +PSC-833
K562 770.5 1236.0 128.29 134.05 128.29 71.53
K562-Dox 9.42 855.4 10.65 11.54 10.65 120.68
K562-ABCG2 | 903.9 1239.0 77.41 147.73 7.41 56.73

Figure 4.5: Functional studies with rhodamine-123 and BODIPY-prazosin in Ber-Abl positive cell lines

Cells were stained with fluorescent substrates and fluorescence determined in the absence and presence of specific inhibitors of ABCB1 (PSC-833) and
ABCG2 (Ko143). K562 cells demonstrated characteristically high levels of rhodamine-123 (rho-123) and BODIPY-prazosin (B-P) in the absence and
presence of inhibitors, consistent with the low expression levels of ABCB1 and ABCG2 observed. K562-Dox cells demonstrated high levels of rhodamine-
123 and BODIPY-prazosin in the presence of PSC-833, consistent with ABCB1 inhibition resulting in retention of substrates. In the absence of inhibitors,
rhodamine-123 and BODIPY-prazosin levels were low, consistent with efflux of substrates from cells. K562-ABCG2 cells demonstrated high levels of
BODIPY-prazosin in the presence of Ko143, and lower levels in its absence; high levels of rhodamine-123 in both the absence and presence of inhibitors.
These results are consistent with high levels of ABCG2 and low levels of ABCB1. The values displayed in the table denote the MFI of cells positive for
fluorescent substrate. Data are representative of typical MF| levels. The GREY filled histograms represent unstained control, the BLACK lines represent

fluorescent substrate alone and the BLUE and RED lines represent fluorescent substrate in the presence of PSC-833 and Ko143 respectively.
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Figure 4.5 (continued): Functional studies with rhodamine-123 and BODIPY-prazosin in Ber-Abl positive cell lines
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Chapter Four — Nilotinib-Mediated Kinase Inhibition is Decreased by High Levels of ABCB1 but not ABCG2

absence and presence of ABCB1/ABCG2 inhibition consistent with the low expression levels of these
transporters in this cell line. K562-Dox cells demonstrated low levels of rhodamine-123 and BODIPY-
prazosin in the absence of ABCB1 inhibition, however upon addition of the ABCB1 inhibitor PSC-833
levels of both fluorescent substrates increased (rhodamine-123 MFI from 9.42 to 855.4; BODIPY-
prazosin MFI from 10.65 to 120.68). Similarly, K562-ABCG2 cells demonstrated low levels of BODIPY-
prazosin in the absence of ABCG2 inhibition, however, upon addition of Ko143, levels increased from
an MFI of 77.41 to 147.73. Importantly, there was no change in BODIPY-prazosin levels in K562-Dox
cells in the presence of Ko143 or in K562-ABCG2 cells in the presence of PSC-833 demonstrating

specificity of inhibition.

To assess the effects of ABCB1 on nilotinib-related kinase inhibition, K562 and the ABCB1 over-
expressing variant K562-Dox were incubated in increasing concentrations of nilotinib. Cells were
cultured for 2 h in increasing concentrations of nilotinib and over-expression of ABCB1 resulted in a
significant increase in IC50NL (219 nM to 411 nM, n>4, p=0.011; Figure 4.6). Additionally, in the
presence of PSC-833, the IC50NL in K562-Dox cells was reduced by 69% (K562-Dox alone: 411 nM;
+PSC-833 129 nM; n=4, p=0.016; Figure 4.6). In contrast, no significant change was observed in the
K562 cells (negligible ABCB1 expression) with only a 7% decrease in ICS0NL measured (K562 alone:
219 nM; +PSC-833 204 nM; n>4, p=0.787; Figure 4.6). These data strongly suggest that ABCB1 has a

role in nilotinib mediated kinase inhibition and nilotinib transport.

It is now well documented that PSC-833 has an unexplained effect on nilotinib uptake'®0.187, For this
reason a second ABCB1 inhibitor, verapamil, was used at a concentration previously demonstrated to
be specific for ABCB1 inhibition (50 uM)'74.242.243 Results observed for K562-Dox cells incubated with
verapamil were similar to those observed with PSC-833; the IC50NL reduced by 71% in the presence of

inhibitor (IC50NL: 121 nM; n=4, p=0.018, Figure 4.6) adding further support for ABCB1 involvement in
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Figure 4.6: ABCB1 overexpression increases IC50NL

IC50 was determined via incubating cells for 2 h at 37°C in the absence and presence of 10 yM PSC-
833 and 50 uM verapamil. Crkl western blot was performed to determine the concentration of nilotinib
required to inhibit Bcr-Abl kinase activity by 50%. Data demonstrate that the high levels of ABCB1 in
K562-Dox cells significantly increase IC50NL,  Similarly, IC50NL significantly decreases upon ABCB1
inhibition in K562-Dox cells but not K562 control cells. The western blot analysis shown is
representative of at least three separate experiments with densitometry analysis shown below. 1C50

values were calculated separately for individual experiments and the mean values for each nilotinib

concentration plotted. Error bars represent SEM. NIL=nilotinib; ver=verapamil; PSC=PSC-833.
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nilotinib transport. Verapamil had no significant effect on IC50NL in K562 cells (K562 alone: 219 nM,;

+verapamil 162 nM; 26% decrease; n>7, p=0.071; Figure 4.6).

In contrast, overexpression of ABCG2 did not result in a significant increase in IC50NL (K562: 219 nM;
K562-ABCG2: 221 nM, n>5, p=0.710; Figure 4.7). Additionally, when K562-ABCG2 cells were treated
with Ko143 no significant change in IC50NL was observed: (K562-ABCG2 alone: 221 nM; +Ko143: 180
nM; n=5, p=0.222, 18% decrease). Again, no significant change was observed in K562 control cells
(K562 alone: 219 nM; +Ko0143: 268 nM; n>4, p=0.231, 22% increase) indicating ABCG2 has minimal
impact on nilotinib-related kinase inhibition and an insignificant role in nilotinib transport at clinically

relevant dosages (Figure 4.7).

4.3.2. Nilotinib Likely Inhibits Efflux Transporters at 2 pM

The IC50NIL experiments highlighted an important trend indicating substantial kinase inhibition occurs in
the presence of 2 uM nilotinib (80-90% p-Crkl reduction). Thus near maximal kinase inhibition occurs at
concentrations often specified as clinically relevant. However, because nilotinib is highly plasma protein
bound, this concentration of nilotinib is unlikely to be clinically relevant with respect to mediating kinase
inhibition.  Additionally, concentrations in the high micromolar range are likely to saturate any
transporters involved in nilotinib efflux causing an inhibitory effect. Indeed, IUR experiments performed
with 2 uM nilotinib in four cell lines known to express disparate levels of ABCB1 and ABCG2 (Figure
4.4) demonstrated no significant difference in intracellular nilotinib concentrations at any of the time
points assayed (p>0.05; Figure 4.8). Thus, it is likely that at 2 uM, nilotinib acts as an inhibitor of both
ABCB1 and ABCG2 resulting in the similar patterns of transport kinetics seen for K562, K562-Dox,
K562-ABCG2 and KU812 cells. Supporting this hypothesis are data from rhodamine-123 and BODIPY-
prazosin efflux experiments performed in K562-Dox and K562-ABCG2 cells in the presence of nilotinib.

As expected, nilotinib had no significant effect on rhodamine-123 efflux in K562, K562-ABCG2 or
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Figure 4.7: High levels of ABCG2 have no significant effect on IC50NLL in CML cell lines

IC50 was determined via incubating cells for 2 h at 37°C in the absence and presence of 0.5 yM Ko143.
Crkl western blot was performed to determine the concentration of nilotinib required to inhibit Ber-Abl
kinase activity by 50%. Data demonstrate that high levels of ABCG2 do not significantly increase
IC50NIL, Similarly, IC50NIL does not significantly decrease upon ABCG2 inhibition in either K562-ABCG2
cells or K562 control cells. The western blot analysis shown is representative of three separate

experiments with the corresponding densitometry analysis representing the mean. NIL=nilotinib.
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Figure 4.8: No difference is observed in 2 uM nilotinib transport kinetics in cell lines expressing
varying levels of ABCB1 and ABCG2

K562, K562-Dox, K562-ABCG2 and KU812 cells were incubated in the presence of 2 uM 14C-nilotinib
for time points ranging 2 min to 2 h. Data demonstrate that there is no significant difference in the
uptake of C-nilotinib regardless of ABCB1 and ABCG2 expression levels indicating that at 2 yM
nilotinib is likely acting as an inhibitor of both of these transporters. The data represent the mean of at
least three separate experiments performed in triplicate. Statistical analyses were performed using

Student’s t-test. Error bars represent SEM.
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KU812 cells. However, in K562-Dox cells, addition of high micromolar concentrations of nilotinib (2 M
and 5 uM) resulted in inhibition of ABCB1 and a corresponding increase in intracellular rhodamine-123
levels (Figure 4.9a). Again, as expected, addition of nilotinib to K562 and KU812 cells had no effect on
BODIPY-prazosin efflux. In K662-ABCG2 cells micromolar concentrations of nilotinib (1 uM and 2 uM)
inhibited BODIPY-prazosin efflux to the same extent as the known ABCG2 inhibitor Ko143. Similarly, in
K562-Dox cells, addition of nilotinib at concentrations above 500 nM resulted in dose dependent
inhibition of BODIPY-prazosin efflux via ABCB1. Interestingly, 1 uM and 2 uM nilotinib was more
effective than PSC-833 at inhibiting BODIPY-prazosin efflux (Figure 4.9b). Importantly 150 nM nilotinib
had no significant effect on either ABCB1 or ABCG2 function and thus this concentration was chosen

for further in vitro investigations.

4.3.3. ABCB1 Inhibition Increases Intracellular 1“C-Nilotinib at 150 nM but not at 2 yM

In light of the results observed with 2 yM nilotinib, the interaction of nilotinib with ABCB1 at a
concentration of 150 nM was subsequently assessed. While the reported plasma concentration for
nilotinib falls between 2 uM and 4 uM (steady state trough and peak levels respectively)'’0, it has
previously been demonstrated, both in vitro®! and in vivo'™, that clinically relevant Bcr-Abl kinase
domain mutations known to cause resistance to nilotinib have IC50NL values in the low nanomolar
range. Thus evaluating nilotinib:transporter interactions at a lower concentration was an appropriate
next step. However, it was first necessary to determine that 150 nM was a suitable concentration to
achieve measurable kinase inhibition in cell lines. Hence a series of experiments were performed over
a 48 h time period where K562, K562-Dox and K562-ABCG2 cells were incubated with 150 nM nilotinib
in the absence and presence of PSC-833, verapamil and Ko143. Within 2 h, in the absence of transport
inhibition, 28-47% kinase inhibition occurred (Figure 4.10). Upon addition of 10 yM PSC-833 or 50 yM
verapamil there was no significant change in kinase inhibition in K562 cells at any of the time points

investigated (p>0.05; Figure 4.10a), however, in K562-Dox cells these inhibitors increased the level of
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Figure 4.9: High micromolar concentrations of nilotinib inhibit the function of both ABCB1 and ABCG2

Cells were stained with fluorescent substrates a) rhodamine-123 and b) BODIPY-prazosin and fluorescence determined in the absence and presence of
increasing concentrations of nilotinib. K562 and KU812 cells demonstrated characteristically high levels of rhodamine-123 and BODIPY-prazosin in the
absence and presence of nilotinib, consistent with low expression levels of ABCB1 and ABCG2. K562-Dox cells demonstrated higher levels of rhodamine-
123 and BODIPY-prazosin in the presence of high micromolar concentrations of nilotinib, consistent with ABCB1 inhibition resulting in retention of substrates.
In the absence of inhibition, rhodamine-123 and BODIPY-prazosin levels were low, consistent with efflux of substrates from cells. K562-ABCG2 cells
demonstrated higher levels of BODIPY-prazosin in the presence of >150 nM nilotinib and lower levels in its absence. These results are consistent with
nilotinib functioning as an inhibitor of both ABCB1 and ABCG2 at high micromolar concentrations but not at low nanomolar concentrations. Data are
representative of typical MFI levels with the geometric mean of the peaks detailed. The GREY filled histograms represent fluorescent substrate alone, the
BLUE histograms represent control inhibitors (either PSC-833 or Ko143 depending on substrate and cell line) while the coloured histograms represent 150

nM, 500 nM, : and nilotinib respectively.
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Chapter Four — Nilotinib-Mediated Kinase Inhibition is Decreased by High Levels of ABCB1 but not ABCG2

Figure 4.10: 150 nM nilotinib results in sufficient kinase inhibition in Ber-Abl positive cell lines

a) K562 b) K562-Dox c) K562-ABCG2 cells were incubated in the absence and presence of ABCB1 and
ABCG?2 inhibitors over a 48 h time period. Cells were incubated for 2-48 h at 37°C in the absence and
presence 10 uM PSC-833, 50 uM verapamil and 0.5 pM Ko143 and % kinase activity determined. Data
demonstrate that 150 nM nilotinib causes sufficient inhibition of kinase activity within 2 h and inhibition
of ABCB1, but not ABCG2 causes a consistent increase in kinase inhibition which reaches significance
at 24 h. The western blot analyses shown are representative of three separate experiments with the
corresponding densitometry analysis representing the mean. Statistical analyses were performed using
Student’s t-test with statistically significant p-values denoted by asterisks (* p<0.05). Error bars

represent SEM. % kinase activity was normalised and activity at 0 h denoted as 100%.
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kinase inhibition at all time points reaching significance at 24 h (p<0.004; Figure 4.10b). The addition of
0.5 uM Ko143 had no significant effect on nilotinib kinase inhibition in either K562 or K562-ABCG2 cells
(p>0.05; Figure 4.10a, ¢). These results are consistent with IC50NIL experiments, further supporting the

notion of nilotinib acting as an ABCB1 substrate at clinically relevant concentrations.

Since both PSC-833 and verapamil have similar effects on nilotinib kinase inhibition and rhodamine-123
efflux (Appendix 2A) we believe verapamil to be a reliable and selective ABCB1 inhibitor for use in IUR
experiments in lieu of the more widely used PSC-833. The use of verapamil eliminates the confounding
interference of PSC-833 on nilotinib uptake'®’. Thus, verapamil was used to investigate the effect of
ABCB1 inhibition on nilotinib IUR over a 2 h period in K562-Dox cells. IUR assays were initially
performed using 2 yM 1C-nilotinib and no difference in IUR was observed when cells were pre-
incubated with verapamil at any of the time points investigated (p>0.05, n=4; Figure 4.11a). However,
when experiments were replicated using the much lower concentration of 150 nM 14C-nilotinib, there
was a clear increase in IUR in the presence of verapamil at all time points (n=5; Figure 4.11b). These
data indicate that nilotinib transport via ABCB1 may be concentration dependent with efflux taking place
at lower concentrations that are likely to be more clinically relevant8!.171, Importantly, K562 control cells
also showed no significant difference in nilotinib IUR in the presence of verapamil (p>0.05, n=3; Figure

4.12b).

Conversely nilotinib does not appear to exhibit a strong interaction with ABCG2 at low nanomolar
concentrations. IUR experiments performed with 150 nM '4C-nilotinib in K562-ABCG2 cells in the
absence or presence of 0.5 uM Ko143 demonstrated no significant difference in intracellular levels of

nilotinib (p>0.05, n=3; Figure 4.12a).
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IUR experiments were performed with a) 2 yM and b) 150 nM *#C-nilotinib in K562-Dox cells. Cells
were incubated for 2 min—-2 h at 37°C in the absence and presence of 50 yM verapamil and ng of
incorporated nilotinib determined. Data demonstrate inhibition of ABCB1 causes a consistent increase
in nilotinib IUR when 150 nM but not 2 uM nilotinib concentration is used. Experiments were performed
in triplicate at least four times with data representing the median. Statistical analyses were performed

using Student's t-test. Error bars represent SEM. NIL=nilotinib.
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Figure 4.12: ABCG2 inhibition has no effect on nilotinib IUR

IUR experiments were performed with 150nM 4C-nilotinib in a) K562-ABCG2 and b) K562 cells. Cells
were incubated for 2 min-2 h at 37°C with 150nM *“C-nilotinib in the absence and presence of a) 0.5
UM Ko143 or b) 50 uM verapamil and ng of incorporated nilotinib determined. Data demonstrate
inhibition of ABCG2 has no significant effect on nilotinib IUR at 150 nM nilotinib. Data also demonstrate
no significant effect of ABCB1 inhibition on nilotinib IUR in K562 control cells. Experiments were
performed in triplicate at least three times with data representing the median. Statistical analysis was

performed using Student’s t-test. Error bars represent SEM. NIL=nilotinib.

-113-



Chapter Four — Nilotinib-Mediated Kinase Inhibition is Decreased by High Levels of ABCB1 but not ABCG2

4.3.4. Nilotinib may be Effluxed by other ABC Transporters

IC50 experiments, analogous to those performed in cell lines with ABCB1/ABCG2 inhibitors, were used
to investigate effects of the commonly prescribed medication pantoprazole on nilotinib-mediated kinase
inhibition. K562, K562-Dox, K562-ABCG2 and KU812 cells were incubated in increasing concentrations
of nilotinib in the absence and presence of various concentrations of pantoprazole, an inhibitor of both
ABCB1 and ABCG2. Results demonstrated that pantoprazole had a significant effect on nilotinib
mediated kinase inhibition in all four cell lines. IC50NI- was significantly decreased in the presence of as
little as 50 puM pantoprazole with the percentage reduction increasing correspondingly with the
concentration of pantoprazole (Figure 4.13 and Table 4.4). In K562-Dox cells addition of 50 yM
pantoprazole resulted in a 56% decrease in IC50N- while addition of 200 uM and 500 uM pantoprazole
resulted in 57% and 69% decrease respectively (n>3, p<0.05). Similar results were observed in K562-
ABCG2, KU812 and K562 control cells. These data suggest that there may be other efflux
transporter/s, closely related to ABCB1 and ABCG2 and expressed in all four cell lines, also involved in

nilotinib transport.

4.4. Discussion

ABCB1 and ABCG2 are expressed at points of drug penetration (blood brain barrier, intestine) as well
as other sites of drug uptake and excretion (liver, kidney)'’2, indicating an essential role in tissue
absorption, distribution and excretion, and ultimately in the plasma level of drug achieved. Importantly,
expression of these transporters has been demonstrated on primitive hematopoietic stem cells'74175 as
well as CML CD34+ cells'8.187 and here they are likely to impact the efficacy of TKI therapy. Clinically,
interactions of TKIs with these ABC transporters may be further exacerbated by drug:drug interactions
resulting from the use of concomitant therapies (for example pantoprazole, esomeprazole and sildenafil)
which also associate with ABC transporters'74.175.199.246-249  Gaining a better understanding of TKI:ABC

transporter interactions may provide important insights into the mechanism of TKI resistance in CML

-114 -



Chapter Four — Nilotinib-Mediated Kinase Inhibition is Decreased by High Levels of ABCB1 but not ABCG2

_-m i-

2000 30000nM NIL K562-Dox

-mgilu

30000nM NIL  K562-Dox +50 M PP

“-“iiﬁr

1000 30000 nM NIL K562-Dox +200 uM PP
-. “ l lu -
1000 30000nM NIL K562-Dox +500 yM PP
= Control ess +50 UMPP e 4200 M PP = ==« +500 uM PP
100 1§
w -
w o

% p-Crkl, normalised
&

0 25 s 75 1% 20 S50 7% 1000 2000 30000
Nilotinib Concentration (nM)

Figure 4.13: Pantoprazole significantly decreases IC50N- in CML cell lines

IC50 was determined via incubating a) K562-Dox, b) K562-ABCG2, c) KU812 and d) K562 cells for 2 h
at 37°C in the absence and presence of various concentrations of pantoprazole ranging 50-500 uM.
Crkl western blot was performed to determine the concentration of nilotinib required to inhibit Ber-Abl
kinase activity by 50%. Data demonstrate that addition of pantoprazole significantly decreases IC50NI,
The western blot analyses shown are representative of at least three separate experiments with the

corresponding densitometry analysis representing the mean. NIL=nilotinib; PP=pantoprazole.
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Table 4.4: The effect of increasing concentrations of pantoprazole on IC50NL in cell lines

K562-Dox IC50NL (nM) | % decrease | nvalue p-value
Control 463 n=5

+50 yM PP 202 56% n=3 p=0.021
+200 uM PP 201 57% n=4 p=0.010
+500 uM PP 145 69% n=3 p=0.010
K562-ABCG2 IC50NL (nM) | % decrease | nvalue p-value
Control 261 n=6

+50 yM PP 122 53% n=5 p=0.007
+100 uM PP 157 40% n=5 p=0.041
+200 uM PP 120 54% n=5 p=0.011
KU812 IC50NL (nM) | % decrease | nvalue p-value
Control 305 n=5

+50 yM PP 149 51% n=5 p=0.010
+100 uM PP 146 62% n=5 p=0.011
+250 uM PP 96 69% n=5 p=0.004
K562 IC50NL (nM) | % decrease | n value p-value
Control 388 n=6

+50 yM PP 254 34% n=3 p=0.012
+200 uM PP 217 44% n=5 p=0.001
+500 uM PP 114 1% n=4 p<0.001

-119-

Statistical analyses were performed using Student’s t-test; NIL=nilotinib, PP=pantoprazole.



Chapter Four — Nilotinib-Mediated Kinase Inhibition is Decreased by High Levels of ABCB1 but not ABCG2

and may assist clinical decision making regarding the use of concomitant medications which may also

interact with ABCB1 and/or ABCG2.

To resolve the disparity seen in the literature Ber-Abl kinase inhibition was utilised to determine the
interaction of nilotinib with the cellular efflux transporters ABCB1 and ABCG2. This is the first study to
do so and because this approach measures actual target inhibition by nilotinib over a large

concentration range, the conjecture surrounding clinically relevant dosages can be better addressed.

It has previously been demonstrated that increased expression of ABCB1111.115.118,138-140 gnd ABC(G2146
in vitro leads to decreased intracellular concentrations of imatinib and hence has been a suggested
mechanism of imatinib resistance. Furthermore, in vivo studies have demonstrated that ABCB1(-/-)
knockout mice have greater imatinib penetration of the central nervous system when compared with
their wildtype ABCB1 counterparts'44.145. Similarly, there is mounting evidence that over-expression of
ABCB1 can lead to resistance to nilotinib in cell lines'® (discussed further in Chapters 5 and 6).
However, transport of nilotinib reported in the literature is controversial, with differences in results
appearing to be mainly due to disparities in concentrations assayed. It is reported that at high
micromolar concentrations nilotinib functions as a potent inhibitor of both ABCB1 and
ABC(G2116.155,187,189.250251 however at lower nanomolar concentrations nilotinib may be a substrate of
these transporters?16.153155.250  |n many of the studies which conclude that nilotinib is an inhibitor,
extremely high concentrations were used based on the peak plasma drug levels of 4 uM'70, However,
due to the fact that in the plasma, nilotinib is greater than 95% protein bound'70.1%, the concentration of
free drug available to the leukaemic cell is likely to be significantly lower. Furthermore, the finite number
of transporters present on the cell surface means that at high concentrations in vitro, nilotinib may
saturate the transporter252 and thus mask any subtle interactions that may take place in vivo. Therefore

the use of high drug concentration in vitro and nilotinib’s purported inhibitory effects may not be
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representative of the in vivo situation and as such these results should be viewed with caution.

This investigation demonstrated that nilotinib-mediated kinase inhibition is impacted by high expression
of ABCB1 but not ABCG2. Inhibition of ABCB1 resulted in decreased IC50NL prompting the postulation
that this is most likely due to increased intracellular levels of TKI, thus indicating this transporter plays a
clinically relevant role in nilotinib efflux. Conversely, nilotinib does not appear to have a strong
interaction with ABCG2. It could be postulated that the mixed population of cells present in the K562-
ABCG2 culture is interfering with the analysis and leading to the erroneous conclusion that ABCG2
overexpression has no effect on nilotinib-mediated kinase inhibition. Thus it was necessary to re-sort
the K562-ABCG?2 cells at a later date to attain a pure population of overexpressing cells (Section 2.3.7).
Additional IC50NL and IC50M experiments were performed, again in the absence and presence of
ABCB1/ABCG2 inhibitors, to confirm that the mixed population of cells used in initial experimentation
was not causing misleading artefacts in the analysis. Importantly, this additional experimentation
demonstrated that overexpression of ABCG2 did not significantly increase IC50NI thus confirming initial
results (Appendix 2B). Furthermore, while the specific IC50NL values have decreased, the trend
observed mimicked that of prior experiments whereby addition of Ko143 had no effect on nilotinib-
mediated kinase inhibition. The tendency for cell line IC50 values to drift over time is not a new concept
with our laboratory observing a decrease in IC50 as passage number increases. Thus, experiments
performed a year or more apart may have different absolute IC50 values but because the decrease is

uniform, the trends observed upon addition of inhibitors remains the same.

Unfortunately, assessment of the effect of ABCB1 and ABCG2 inhibition was not possible in primary
cells due to the low expression levels of these transporters in patient mononuclear cells. While it has
previously been demonstrated that ABCB1 and ABCG2 are expressed at higher levels in CML CD34+

cells'81.187.244 the |arge numbers of cells required to perform IC50s in the absence and presence of
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inhibitors prevented these experiments from being conducted. However, the relevance of ABC
transporters in the patient setting remains, with our laboratory previously demonstrating a connection
between high expression of ABCB1 and the development of kinase domain mutations and/or disease
resistance in a small cohort of patients?53. There is also evidence in cell line models to suggest that
increasing levels of ABCB1 (at both the mRNA and protein level) are frequently associated with the

development of TKI resistance07.111.116244 (discussed further in Chapters 5 and 6).

IC50 experiments in the presence of the proton pump inhibitor pantoprazole demonstrated a consistent
decrease in IC50NL in Ber-Abl positive cell lines irrespective of ABCB1/ABCG2 overexpression status.
These data raise the possibility that there is another, pantoprazole-inhibitable, transporter expressed in

all four cell lines also involved in nilotinib transport (discussed further in Chapter 7).

The results detailed here clarify some inconsistencies present in the current literature concerning the
nilotinib:ABC transporter relationship. This approach uses kinase inhibition as the key readout for the
interaction of nilotinib with ABCB1 and ABCG2 whereas previous publications utilise methods that do
not assess the direct action of TKls. Additionally, our laboratory has demonstrated a direct correlation
between kinase inhibition and patient response?'© and has previously employed this technique to
ascertain the dasatinib:ABCB1/ABCG2 interaction with results confirming the work of
others195.183,186210.250  |nterestingly, ICS0NL experiments emphasised the fact that at high micromolar
concentrations, maximum kinase inhibition occurred thus alluding to the possibility that concentrations
of nilotinib in excess of 2 yM may mask subtle TKl:transporter interactions and may not accurately
reflect the in vivo situation. Adding further weight to this hypothesis are data from IUR assays in Ber-Abl
positive cell lines expressing low and high levels of ABCB1 and ABCG2. These data demonstrated no
significant difference in intracellular concentrations of nilotinib when used at 2 pM. However,

experiments repeated using nilotinib at lower nanomolar concentrations supported the results from
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kinase inhibition studies. Inhibition of ABCB1 but not ABCG2 resulted in a consistent and substantial
increase in intracellular levels of radiolabelled nilotinib. Additionally, efflux studies utilising high and low
concentrations of nilotinib demonstrated that at concentrations in excess of 2 uM, nilotinib functions as
an inhibitor of both ABCB1 and ABCG2 in vitro. The clear evidence of the concentration dependence of
ABCB1-mediated nilotinib efflux provided here likely explains the lack of consensus on this question in
previous studies. From the clinical perspective, these findings suggest that nilotinib is likely to be
susceptible to resistance mediated by over-expression of ABCB1. Hence, as this will be particularly
evident in patients with low plasma concentrations of TKIs, these patients may benefit from combination
TKI:ABCB1 inhibitor therapy. While limited clinical data is available on patients receiving up front
nilotinib who go on to develop resistance, future studies assessing ABCB1 levels in such patients may

be of value.

In conclusion, the findings detailed in this chapter strongly suggest that ABCB1 but not ABCG2 is
involved in nilotinib efflux. We have demonstrated that high levels of ABCB1 significantly decrease
nilotinib-mediated kinase inhibition resulting in a significantly increased IC50NL.  Inhibition of ABCB1
significantly decreases IC50NL, most likely due to an increase in intracellular nilotinib concentrations.
Nilotinib may also be effluxed by another ABC transporter, closely related to ABCB1, and combination

TKI:ABC transporter inhibitor therapy may present an attractive option to enhance TKI efficacy.

-123 -



Chapter Five — ABCB1 Overexpression is the Initiator of Resistance in K562 Cells

Chapter 5

ABCB1 Overexpression is the Initiator of
Resistance in K662 Cells
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5.1.  Introduction

The synthesis and clinical development of small molecule inhibitors designed to block the kinase activity
of Ber-Abl has revolutionised the treatment of chronic myeloid leukaemia (CML). Imatinib, the first of
these tyrosine kinase inhibitors (TKls), has induced complete cytogenetic remissions (CCyR) in over
87% of newly diagnosed CML patients by five years?%. More recently the second generation of TKls,
nilotinib and dasatinib, have resulted in significantly better treatment outcomes for the majority of
patients with CML. However, there still exists a group of patients who demonstrate primary resistance
to TKI therapy and a second group who develop secondary resistance following an initially successful
treatment phase. Primary resistance is observed in 15-25% of patients and occurs once they fail to
achieve a landmark response, for example a complete haematological response (CHR) by 3 months or
a CCyR by 18 months?%4, Secondary resistance is recognised when a patient loses cytogenetic or
molecular remission or undergoes disease progression while on treatment. Primary resistance to
imatinib may be due, in part, to decreased OCT-1 activity resulting in inadequate imatinib uptake and
function'?’, however, the cause of primary nilotinib resistance remains unclear. Primary resistance is
usually overcome by alteration of TKI therapy, either by dose increase or use of a more potent TKI. In
contrast, it may be possible to identify patients at risk of developing secondary nilotinib resistance and
intervene before this occurs. In order to determine which patients are more likely to develop TKI
resistance following a successful treatment phase, it is necessary to understand the kinetics of
resistance emergence. In previous studies in which nilotinib resistant cell lines were generated,
resistance mechanisms were determined only once cells demonstrated overt resistance to the final
concentration of nilotinib; however, researchers failed to examine modes of resistance in the
intermediary cells created during incremental increases of nilotinib. In this study, cultured cells were
sampled at every stage of resistance generation allowing the dynamics of resistance development and
the interplay between resistance mechanisms to be studied. This may allow the identification of early

warning signs in patients who are more likely to develop overt resistance later.
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There are several overlapping modes of resistance to the first and second generation TKls which can
be broadly classified as Bcr-Abl dependent and independent. Bcr-Abl overexpression has been
observed both in vitro and in vivo and has been attributed to duplication of the Ph chromosome?09.255,
mutations in the promoter region of BCR-ABL2?% and the presence of double minutes carrying BCR-
ABL'07.257  Double minutes are small, circular fragments of extra chromosomal DNA which lack
centromeres. This means that they segregate randomly into daughter cells during mitosis giving these
cells a potential growth advantage?®8. BCR-ABL amplification by any of these mechanisms presumably
leads to an increase in transcription and translation causing a substantial increase in the amount of Ber-

Abl protein within the cell thus rendering clinically achievable concentrations of TKI ineffective.

The most common mode of secondary TKI resistance observed clinically is mutation of the Bcr-Abl
kinase domain (KD) with up to 40% of resistant patients developing mutations while undertaking TKI
therapy71212.259.260, |matinib and nilotinib bind the inactive conformation of the KD while dasatinib binds
the active conformation and spontaneous mutations in key regions of the binding pocket can prevent
TKI binding. With the exception of the T315] mutation which disrupts a critical KD:TKI hydrogen bond,
nilotinib and dasatinib have complementary inhibition profiles such that a patient with a nilotinib-resistant

mutation will still be sensitive to dasatinib and vice versa (Figure 5.1).

Overexpression of the drug efflux transporters ABCB1107.111,115,116,118,138-140 and ABCG2'46 have been
implicated in resistance to imatinib, nilotinib and dasatinib in vitro. Additionally, as described in Chapter
4, ABCB1 overexpression leads to significantly increased ICSONL which is negated upon ABCB1
inhibition suggesting ABCB1-mediated nilotinib transport. Thus, the interplay between ABCB1/ABCG2
overexpression and other resistance mechanisms was investigated and is discussed in the current

chapter.
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Imatinib Nilotinib Dasatinib

F317L 1050

Q252H 1325 V379l 51

G250E 1350 T315A 61

V379l 1630 Q252H 70

H396R 1750 Y253F 125
1825 F359V 175 Q252H 3.4
2000 E255K 200 E255K 5.6

Figure 5.1: Sensitivity of Ber-Abl KD mutants to imatinib, nilotinib and dasatinib as determined
by in vitro cell proliferation assays (modified from O’Hare et al.'1?)

The IC50 values in nM indicate the concentration of inhibitor required to reduce cell viability by 50%.
GREEN shading represents sensitive mutations, shading represent intermediate sensitivity

and RED shading represents resistant mutations.
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Dasatinib is a dual Ber-Abl-Src family kinase (SFK) inhibitor whereas imatinib and nilotinib are not active
against SFKs. Accordingly, overexpression and activation of SFK are often observed in imatinib and

nilotinib resistant cells, both in vitro!16.119-123,125128 gnd jn vivo!16.121,123,125,161

The SFKs consist of Fyn, Src and Yes which are ubiquitously expressed as well as BIk, Fgr, Hck, Lck,
Lyn and Yrk which are expressed in cells of the haematopoietic lineage'. These proteins are
structurally related, with each member consisting of a highly variable ‘unique’ domain at the N-terminal
containing a myristoyl moiety; the SH1, or kinase, domain which is responsible for the enzymatic
activity; an SH2 domain which allows the protein to interact with phosphotyrosine motifs; and the SH3
domain which allows autoregulation of kinase activity through intramolecular interactions as well as

direct binding to adapter proteins2'262 (Figure 5.2).

SFKs are involved in numerous signalling pathways governing cell proliferation and survival as well as
homeostasis (Figure 5.3) and have previously been implicated in a variety of human cancers?2. For
this reason, activation of SFKs is tightly regulated via intramolecular interactions. Phosphorylation of a
tyrosine residue in the kinase domain results in activation of the kinase. However, phosphorylation of a
tyrosine residue in the carboxy terminal by negative regulators such as the tyrosine kinase CSKZ3,
coupled with interactions between the SH3 domain and the kinase linker region, results in the
catalytically inactive, closed conformation (Figure 5.4). Autophosphorylation at the amino terminal
supersedes inhibitory phosphorylation at the carboxy end making the kinase insensitive to negative
regulation by CSK264.265; however, there is some evidence that additional SFK members as well as other
tyrosine kinases, including Ber-Abl, are also capable of phosphorylating amino terminal residues'.
Overexpression of Lyn is common in the development of imatinib and nilotinib resistance and is usually
referred to as a Bcr-Abl independent resistance mechanism®”.116.121126 However, it has been

demonstrated that SFKs and Bcr-Abl engage in reciprocal phosphorylation!23.198.160 |ndeed, it has been
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Figure 5.2: Schematic diagram of the protein domains of four commonly studied SFKs (modified from Ingley et al. and Tegtmeyer et al.261.266)

SFK members contain a poorly conserved, myristoylated ‘unique’ region of 50-70 residues at the N-terminal, an SH1 (kinase) domain of ~300 residues which
provides enzymatic activity, an SH2 domain of ~100 residues which allows intramolecular phosphotyrosine interactions and an SH3 domain of ~50 residues
which interacts with the protein’s own kinase linker region as well as other adapter proteins. Phosphorylatable tyrosine (Y) residues are indicated which,

while varying slightly in position, are conserved between members and govern the activity of the kinase.
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\

_ Proliferation

Figure 5.3: Schematic summary of signalling pathways involving SFKs (modified from Summy et
al.%62)

SFKs have been implicated in signalling pathways involved in cell survival and proliferation as well as
having a role in cellular homeostasis (not shown). Two key signalling pathways important in the
pathogenesis of CML are highlighted here with kinases represented by ovals and adapter proteins

represented by hexagons.
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Figure 5.4: Schematic representation of the transition from active to inactive SFK as a result of
differential phosphorylation (adapted from Ingley et al. and Tegtmeyer et al.261.266)

The active kinase on the left demonstrates the open conformation with the SH2 and SH3 domains
available for substrate and regulatory molecule binding. The carboxy terminal is dephosphorylated
leaving the substrate binding site exposed while autophosphorylation results in phosphorylation of a
tyrosine (Y) residue and maximal kinase activity (Y418 in the case of Src depicted here). Upon
phosphorylation of a tyrosine in the carboxy terminal (Y527 for Src) by negative regulators such as CSK,
the kinase adopts the catalytically inactive, closed conformation facilitated by intramolecular interactions

between the SH3 domain and the kinase linker region.
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recently suggested that active Fyn, Hck and Lyn are all capable of phosphorylating Ber-Abl at the SH3-
SH2 region of Abl and, in doing so, hold the kinase domain in its active conformation such that dasatinib
is able to bind but imatinib and nilotinib are not'23.160,  Thus, it is likely that resistance due to Lyn
overexpression is not independent of Ber-Abl but instead favours the active conformation of the kinase

in the presence of nilotinib and imatinib.

Another kinase implicated in TKI resistance is the receptor tyrosine kinase Axl. Axl was originally
described in patients with CML62.267.268 and other myeloproliferative disorders268.269 but is detected
ubiquitously in a wide variety of organs and cells'62. This 140 kDa protein is comprised of two Ig
repeats coupled with two fibronectin type Il repeats in the extracellular region and a tyrosine kinase
domain in the intracellular region?70 (Figure 5.5). Axl overexpression and/or increased phosphorylation
has been described in both patients and Bcr-Abl positive cell lines resistant to imatinib and
nilotinib19.126.127 a5 well as several other types of cancer including colon?’! and breast?’2. Yeast two
hybrid experiments demonstrated that Axl interacts with proteins from the PI3-K and Ras-ERK signalling
pathways indicating a role in cell survival, proliferation and migration (Figure 5.6). Because many of the
binding partners of AxI contain an SH2 domain, which likely forms the Axl:binding protein interface?’s, it
is expected that Axl binds to SFK members. However, this was not demonstrated until recently when
immunoprecipitation experiments using resistant CML cell lines revealed that Lyn and Axl interact within

a ternary complex also containing spleen tyrosine kinase (Syk)'2.

Syk is a non-receptor tyrosine kinase primarily expressed in haematopoietic cells? with overexpression
initially observed in AML275, and more recently, a role in CML proposed'?. Syk is a 72 kDa cytoplasmic
protein containing a kinase domain and two tandem SH2 domains?® (Figure 5.7). Its activity, like
SFKs, is regulated via autophosphorylation of tyrosine residues in the activation loop of the kinase

domain277.278 as well as phosphorylation of tyrosines 342 and 352 by other kinases such as Lyn!26.279,
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Key:
::j Ig repeat

[ZENI Fibronectin type |ll

Figure 5.5: Schematic representation of the Axl receptor tyrosine kinase (modified from Hafizi et
al.2z70

Axl is composed of two Ig repeats and two fibronectin type Ill repeats in the extracellular region and a
tyrosine kinase domain in the intracellular region. The kinase domain is capable of constitutive

activation in the absence of extracellular stimulation and thus gives the kinase oncogenic potential.
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Akt signalling «——

Nuclear Transcription

Figure 5.6: Schematic summary of signalling pathways involving Axl (modified from Hafizi et
aI_270)

Phosphorylated tyrosine residues Y779 and Y821, on AxI’s intracellular kinase domain, act as docking
sites for proteins involved in signalling pathways governing cell proliferation and survival. Axl interacts

with binding partners, such as Src, Grb2 and various subunits of PI3-K through SH2 domains.
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Figure 5.7: Schematic representation of Syk protein domains (adapted from Efremov et al.276)
Syk comprises of two tandem SH2 domains which facilitate interaction with SFK members. Activation of Syk occurs via autophosphorylation of tyrosine (Y)

residues Y525 and Y526 in the kinase domain activation loop in conjunction with phosphorylation of Y342 and Y352 by SFKs such as Lyn.
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In addition to regulating the phosphorylation of AxI'28, Syk has also been demonstrated to interact with
Fyn and the ubiquitin ligase c-Cbl'66:280,  Accordingly, c-Cbl may be a ‘master regulator’ with recent
evidence suggesting an inverse relationship exists between c-Cbl and Lyn/Axl whereby low levels of c-
Cbl facilitate increased levels of Lyn and Axl leading to imatinib and nilotinib resistance in vitro!23.168,
The interactions between these cellular kinases are extremely complex, with many signalling pathways
and phosphorylation targets overlapping making dissecting the causative event leading to
overexpression and activation of SFKs difficult. Thus, while much is known about the Bcr-Abl
dependent modes of resistance relating to KD mutations and Bcr-Abl overexpression, the mechanisms
underlying Lyn-mediated resistance require further investigation. Consequently, there is much need for
an in vitro system in which to study TKI resistance and this forms the basis of the analyses detailed in

the current chapter.

5.2.  Approach

The Ber-Abl positive cell line K562 was cultured long term in gradually increasing concentrations of
nilotinib starting with 15 nM and increasing to 2 uM (Section 2.3.3.3; Table 5.1). Control cells were
cultured in parallel in a constant diluent concentration of 0.1% DMSO to control for the DMSO present in
cell cultures containing nilotinib. Cell growth was monitored visually, while cell viability was monitored
by trypan blue exclusion of dead cells (Section 2.3.2). The concentration of nilotinib was increased
once >80% of cells demonstrated survival (nilotinib tolerance) in culture for at least 10 consecutive
days. At each stage of nilotinib escalation, ampoules of cells were frozen (Section 2.3.4) to allow
thawing and re-culture at a later time point (Section 2.3.5). In addition, aliquots of cells were lysed in
TRIzol reagent for RNA extraction and cDNA synthesis (Section 2.4.5). Concentrations of nilotinib up
to 100 nM were tolerated easily, however growth and viability substantially reduced upon exposure to
125 nM nilotinib (Table 5.1). Once cells demonstrated ~80% survival in 125 nM nilotinib, the level of

resistance was determined via IC50 assays based on p-Crkl protein expression (Section 2.4.2).
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Table 5.1: Summary of nilotinib concentrations to which cell line resistance intermediates were

exposed and the corresponding number of days before dose was increased

K562
Nilotinib Concentration % Live Cells Days in Culture
15 nM NIL 95.0 10
25 nM NIL 99.1 11
50 nM NIL 96.7 10
75 nM NIL 93.7 14
100 nM NIL 94.6 12
125 nM NIL 83.6 28
140 nM NIL 87.4 17
200 nM NIL 85.2 13
300 nM NIL 93.3 12
400 nM NIL 90.8 14
1 UM NIL 83.9 12
2 UM NIL 94.1 Ongoing
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Resistance was confirmed by cytotoxicity assays (Section 2.3.6). Nilotinib dose escalation continued
until a concentration of 2 yM was reached to reflect plasma levels achieved in vivo in nilotinib treated
patients'’0 and resistance was again determined by cytotoxicity assays and p-Crkl IC50. Modes of
resistance were investigated as summarised in Figure 5.8. Briefly, because ABCB1 and ABCG2
overexpression has previously been linked to TKI resistance!!5.116.118.138,139  cell surface expression of
these transporters was assessed routinely during resistance development and prior to each IC50 and
cytotoxicity assay using flow cytometric analysis (Section 2.3.8.1). Cell lines were screened for
increased BCR-ABL expression, and overexpression of the kinases LYN, AXL and SYK (Sections 2.4.3

and 2.4.5). Cells were also assessed for kinase domain mutations (Section 2.4.7).

5.3. Results

5.31. K562 Cells Cultured in 125 nM Nilotinib Demonstrate Resistance to TKls In Vitro

Nilotinib resistant K562 2 uyM NIL cells were generated through exposure to gradually increasing

concentrations of nilotinib. Nilotinib concentrations up to 100 nM were easily tolerated, however, upon
exposure to 125 nM nilotinib, cell growth stalled and viability significantly decreased (Table 5.2). After
approximately one month exposure to 125 nM nilotinib, cell viability increased to >80% and resistance
to nilotinib was evaluated by IC50 specific for p-Crkl protein expression. These assays rely on Ber-Abl
kinase inhibition as the key readout and thus enable a distinction between Bcr-Abl dependent and Bcr-
Abl independent mechanisms of resistance; an increase in 1C50 value indicates on target, Bcr-Abl

dependent resistance. K562 125 nM NIL cells demonstrated significantly increased ICSONL when

compared with control cells: IC50NL increased from 199 nM to 1826 nM, p<0.001 (Figure 5.9a).

Resistance was confirmed by cytotoxicity assay with K562 125 nM NIL cells demonstrating significantly

increased survival compared with control cells when exposed to 1000 nM nilotinib for 72 h: 69% vs

100% survival, p<0.001 (Figure 5.10a).
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K562
15 nM NIL
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Figure 5.8: Schematic summary of generation and determination of nilotinib resistance in K562

cells

K562 cells were cultured in gradually increasing concentrations of nilotinib. At nilotinib concentrations

125 nM and 2 pM, resistance was assessed by various in vitro methods ( ). In

addition, mRNA levels and KD mutations were determined in all resistance intermediates (GREEN

BOXES). All assays were also performed on K562 control cells for comparison. Bold arrows represent

steps in escalation of nilotinib.

intermediate. NIL=nilotinib; KD=kinase domain.
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Table 5.2: Summary of live K562 cells after exposure to 125 nM nilotinib for the corresponding

number of days

Days in Culture % Live Cells
2 96.9
4 70.9
7 39.3
22 734
25 80.6
28 83.6
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Figure 5.9: K562 125 nM NIL cells are significantly resistant to TKI-mediated kinase inhibition

IC50 was determined via incubating cells for 2 h at 37°C in the presence of increasing concentrations of
a) nilotinib, b) imatinib and c) dasatinib. Crkl western blot was performed to determine the concentration

of TKI required for 50% Bcr-Abl kinase inhibition. Data demonstrate that K562 125 nM NIL cells have a

significantly increased IC50 when compared with control cells; for example at 30 000 nM nilotinib, p-Crkl

is completely inhibited in K562 control cells but this is not the case in K562 125 nM NIL cells. The

western blot analyses shown are representative of at least three separate experiments with the
corresponding densitometry analysis representing the mean. Statistical analyses were performed using
Student’s t-test with statistically significant p-values denoted by asterisks (* p<0.05; *** p<0.001). Error

bars represent SEM. NIL=nilotinib; IM=imatinib; DAS=dasatinib.

-141 -



(b)

p-Crid

0 2

Chapter Five — ABCB1 Overexpression is the Initiator of Resistance in K562 Cells

— —
. g::——---

10 15 20 100uM IM K562 Control

—————— ——
=3- B -5 - § ¥

0 2 5 10 15 20 30 50 100uM IM K562 125 nM NI
301
= *
=
s
= 20 -
1+
-
o
Ty
(&)
g 10
S .
=
o
wn
1]
0

IC50°AS Concentration (nM)

Control 125 nM NIL

10 50 5000nM DAS K562 Control
e e -
250 500 5000nM DAS K 125nM NI

-_— s aEp——
5

-

50

*kk

10+

Control 125 nM NIL

-142 -



Chapter Five — ABCB1 Overexpression is the Initiator of Resistance in K562 Cells

120
falaialt 220 Fkk *k%x
o 100 e e .r \
= NN\
£ " - m
(&)
» 80+
)
g ® @ P @
o 604
=
©
»
8 40-
(<]
=
=S 204 ~®- Control
125 nM NIL
=+ 2 M NIL
0 r r r r r i eyl =
S S & S S
Nilotinib (nM)

Figure 5.10: K562 125 nM NIL and K562 2 uM NIL cells have decreased TKI-mediated cell death

Cells were cultured for 72 h in increasing concentrations of a) nilotinib b) imatinib and c) dasatinib and

cell death determined by Annexin V/7-AAD staining. Data demonstrate that K562 125 nM NIL cells and

K562 2 uM NIL cells have significantly increased survival in the presence of TKIs when compared with
control cells. Results were confirmed visually and with trypan blue staining (Appendices 3A and 3B).
It is important to note that trypan blue staining demonstrates near complete cell death, while Annexin
VI7-AAD staining results in a maximum of 40% cell death even at the highest TKI concentrations. The
FACS plots shown are representative of at least three separate experiments performed in triplicate with
the corresponding survival curves representing the mean. Data were normalised to 0 nM TKI with the
number of live cells in the absence of TKI set at 100%. Statistical analyses were performed using
Student’s t-test with statistically significant p-values denoted by asterisks and carets, representing K562

125 nM NIL and K562 2 uM NIL cell lines respectively (* p<0.05; ** p<0.01; *** p<0.001). Error bars

represent SEM. NIL=nilotinib; IM=imatinib; DAS=dasatinib.
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K562 125 nM NIL cells were also assessed for resistance to two other TKls currently available: imatinib

and dasatinib. Again, K562 125 nM NIL cells demonstrated significantly increased IC50 when

compared with control cells: IC50M increased from 3.3 uM to 20.5 uM, p=0.011; IC50PAS increased from
5.6 nM to 11.7 nM, p<0.001 (Figure 5.9b and c). These results were confirmed by cytotoxicity assay
with cells demonstrating increased survival in the presence of TKI when compared with control cells:
65% vs 100% survival in the presence of 5 uM imatinib, p<0.001; 70% vs 83% survival in the presence

of 500 nM dasatinib (Figure 5.10b and c).

5.3.2. K562 Cells Cultured in 2 uM Nilotinib Demonstrate Resistance to TKls In Vitro

Culture of K562 cells in nilotinib was continued to a concentration of 2 uM in order to reflect the trough
plasma levels observed in patients'”0. Once this concentration was tolerated, the resultant K562 2 uM
NIL cells were assessed for maintenance of increased IC50NL compared with control cells: 199 nM vs
1661 nM, p<0.001 (Figure 5.11a). Again, this resistance was confirmed by cytotoxicity assay with K562
2 UM NIL cells demonstrating significantly increased survival compared with control cells when exposed

to 1000 nM nilotinib for 72 h: 69% vs 100% survival, p=0.002 (Figure 5.10a).

K562 2 uM NIL cells were assessed for resistance to three other TKis currently available: imatinib,
dasatinib and ponatinib. Cells demonstrated significantly increased IC50 when compared with control
cells for imatinib and ponatinib: IC50M increased from 3.3 uM to 21.3 uM, p<0.001; IC50PON increased
from 4.6 nM to 12.2 nM, p=0.004 (Figure 5.11b and d). Interestingly, cells were not as resistant to
dasatinib demonstrating only a marginal increase in 1C50: K562 control IC50PA8=6.3 nM, K562 2 uM NIL
IC500A8=7.6 nM, p=0.021 (Figure 5.11c). These results were confirmed by cytotoxicity assay: survival
increased from 65% to 100% in the presence of 5 uM imatinib, p<0.001; from 70% to 84% survival in
the presence of 500 nM dasatinib, p=0.030 (Figure 5.10b and c). These data indicate the presence of

additional resistance mechanism/s which allow discrimination between imatinib/nilotinib resistance

- 147 -



Chapter Five — ABCB1 Overexpression is the Initiator of Resistance in K562 Cells

(a)
gt 2 & F
Crid — - - ‘--
300 400 500

0 50 100 200 1000 30000nM NIL K562 Control

.
— — -
‘!:Illiilllr :IIII :III: . — -y -

0 100 250 500 1000 2500 5000 10000  100000nM NIL K562 2 uM NIL
2400 -
2000 faladed
1600
1200

800 -

400 -

-

Control 2 uM NIL

Ic50N'"" Concentration (nM)

Figure 5.11: K562 2 uM NIL cells are significantly resistant to TKI-mediated kinase inhibition

IC50 was determined via incubating cells for 2 h at 37°C in the presence of increasing concentrations of
a) nilotinib, b) imatinib, ¢) dasatinib and d) ponatinib. Crkl western blot was performed to determine the
concentration of TKI required for 50% Bcr-Abl kinase inhibition. Data demonstrate that K562 2 uM NIL
cells have a significantly increased IC50NIL. IM. DAS, PON when compared with control cells. The western
blot analyses shown are representative of at least three separate experiments with the corresponding
densitometry analysis representing the mean. Statistical analyses were performed using Student’s t-
test with statistically significant p-values denoted by asterisks (* p<0.05; ** p<0.01; *** p<0.001). Error

bars represent SEM. NIL=nilotinib; IM=imatinib; DAS=dasatinib; PON=ponatinib.

- 148 -



Chapter Five — ABCB1 Overexpression is the Initiator of Resistance in K562 Cells

(b)
p-Crid

Cm: o 8::——---—.

0 2 4 6 8 10 15 20 100uM IM K562 Control

0 1 2 5 10 20

25 50 100 uM IM K5622 uM NIL
30+

= **%
=

S

S 204

©

S

A

<

(<]

(5]

=

(= 10 -

o
=
)

n

Q

0

Control 2 uM NIL

PO — - ——— e
o — L e e e ——
0 1 2 3 4 5 10 50  5000nM DAS K562 Control
0 1 25 5 10 2% 50 500  5000nM DAS  K5622 UM NI

10

— *

=

£

c 8-

o

£

= 64

| =

[«

=

o 44

(&)

<

o 2+

(=4

n

Q
0

Control 2 uM NIL

- 149 -



Chapter Five — ABCB1 Overexpression is the Initiator of Resistance in K562 Cells

(d)
pCrd
D D W TR s D ———
0 1 25 5 75 10

20 30 5000nM PON K562 Control

— _«o==—--

0 25 5 75 10 15 20 30 5000nM PON K M NI
20+

15+

K%
10+

5

0 .

Control 2 uM NIL

Ic50°°N Concentration (nM)

-150 -



Chapter Five — ABCB1 Overexpression is the Initiator of Resistance in K562 Cells

compared with dasatinib resistance. Possible candidate mechanisms include overexpression of SFKs
and/or overexpression of efflux transporters and are discussed later in this current chapter and in further

detail in Chapter 7.

5.3.3. Onset of Resistance to Nilotinib in K562 Cells Coincides with ABCB1 Overexpression
Once overt resistance had been established, it was necessary to determine the mechanism/s by which
this resistance occurred. Firstly, cells were assessed for increased expression of three ABC
transporters previously implicated in multidrug resistance in leukaemia?8!: ABCB1, ABCG2 and ABCC1.
The onset of resistance at 125 nM nilotinib coincided with a significant increase in ABCB1 mRNA
expression with resistant cells demonstrating up to 5-fold greater levels when compared with control
cells (p<0.001; Figure 5.12a). Surface protein expression was also significantly increased with K562
125 nM NIL cells demonstrating up to 15-fold greater levels when compared with control cells (Figure
5.12b). Interestingly, ABCG2 mRNA levels peaked earlier suggesting that ABCB1 and ABCG2 may
work in concert (Figure 5.13a). However, this increase in mRNA failed to translate to an increase in
protein (Figure 5.13b) suggesting ABCG2 is unlikely to play a role in the development of nilotinib
resistance. There was no significant change in mRNA levels of ABCC1 in any nilotinib resistance
intermediates compared with control cells, indicating ABCC1 is also unlikely to be involved in

development of nilotinib resistance (p>0.05; Figure 5.14).

5.3.4. Sustained Culture of K562 Cells in Nilotinib Results in Decreased ABCB1 Expression
and Continued TKI Resistance

Continued culture in concentrations of nilotinib up to 2 uM resulted in decreased levels of ABCB1 mRNA

and protein (Figure 5.12), however IC50NL, [C50M and IC50PON remained high (Figure 5.11). It was

also observed that ABCB1 protein expression decreased as passage number in the same concentration

of nilotinib increased: K562 125 nM NIL passage 33=42% ABCB1, compared with passage 69=2.2%
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Figure 5.12: Onset of nilotinib resistance in K562 cells coincides with ABCB1 overexpression
with levels decreasing upon continued nilotinib exposure
Expression levels of ABCB1 a) mRNA and b) protein were assessed in K562 NIL cells. Data

demonstrate overexpression of ABCB1 at the onset of resistance in K562 125 nM NIL cells. This is

followed by a steady decline upon continued exposure to nilotinib back to levels comparable with those
observed in control cells. mRNA expression represents the mean of six independent experiments
performed in triplicate while the histograms shown are representative of typical expression levels. The
percentages displayed in the histograms denote cells positive for ABCB1 expression. The bold BLACK
and BLUE lines represent control and resistant cells stained with ABCB1 antibody while the GREY
filled histograms represent cells stained with isotype control antibody. Statistical analyses were
performed on mRNA levels as a percentage of BCR using Student’s t-test. Statistically significant p-

values are denoted by asterisks (** p<0.01; *** p<0.001). Error bars represent SEM.
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Figure 5.13a: ABCG2 mRNA levels increase upon exposure to low levels of nilotinib

Expression levels of ABCG2 mRNA were assessed in K562 nilotinib resistance intermediates. Data
demonstrate increased ABCG2 expression prior to the onset of resistance with levels decreasing as
ABCB1 levels increase. mMRNA expression represents the mean of six independent experiments
performed in triplicate. Statistical analyses were performed on mRNA levels as a percentage of BCR
using Student's t-test. Statistically significant p-values are denoted by asterisks (** p<0.01; ***

p<0.001). Error bars represent SEM.
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Figure 5.13b: ABCG2 protein levels do not increase upon exposure to nilotinib

Expression levels of ABCG2 protein were assessed in K562 nilotinib resistance intermediates. Data demonstrate no increase in ABCG2 protein expression
prior to the onset of resistance (50 nM) nor in cells following the onset of resistance (125 nM and 2 uM) when compared with control cells. The histograms
shown are representative of typical expression levels. The percentages displayed in the histograms denote cells positive for ABCG2 expression. The bold
BLACK lines represent control cells while the bold GREEN, RED and BLUE lines represent 50 nM, 125 nM and 2 puM resistant cells respectively, stained

with ABCG2 antibody. The GREY filled histograms represent cells stained with isotype control antibody.
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Figure 5.14: ABCC1 levels do not increase during development of nilotinib resistance in K562
cells

Expression levels of ABCC1 mRNA were assessed in K562 nilotinib resistance intermediates. Data
demonstrate no increase in ABCC1 expression at any time during development of nilotinib resistance.
mRNA expression represents the mean of six independent experiments performed in triplicate.
Statistical analyses were performed on mRNA levels as a percentage of BCR using Student’s t-test.

Error bars represent SEM.
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ABCB1 (Table 5.3). Additionally, ABCB1 expression directly impacted IC50NL: over a period of seven
days ABCB1 expression decreased from 85% to 72% to 61% with a corresponding decrease in IC50NL
from 2700 nM to 2120 nM to 1570 nM (Figure 5.15). This raised the important question as to whether
ABCB1 overexpression was necessary for the initiation of nilotinib resistance or whether it was simply a
cellular stress response that would occur in the presence of any xenobiotic. Hence, IC50NL
experiments were performed in the absence and presence of cyclosporin A; an ABCB1 inhibitor282,
Results demonstrated a decrease in the IC50NL in the presence of cyclosporin A: 2030 nM to 1530 nM.
This decrease was not observed in control cells: 203 nM to 285 nM in the absence and presence of
cyclosporin A respectively (Figure 5.16). If ABCB1 overexpression was the sole mechanism of
resistance, one would expect ABCB1 inhibition to increase the intracellular concentration of nilotinib
resulting in an increase in Ber-Abl kinase inhibition and a subsequent reduction in p-Crkl levels and
IC50NL back to levels observed in control cells. Intriguingly however, inhibition of ABCB1 in resistant
cells did not reduce IC50NL to levels comparable to those seen control cells, thus it was postulated

these cells harbour further resistance mechanism/s.

5.3.5. Nilotinib Resistant K562 Cells have Additional Resistance Mechanisms

Because Bcr-Abl overexpression is a common form of TKI resistance observed in patients'%9, resistant
K562 cells were screened for increased expression of Bcr-Abl mRNA and protein.  Results
demonstrated this possibility was unlikely since no overexpression of Bcr-Abl mRNA was observed in
any of the resistance intermediates (Figure 5.17a). Furthermore, there was no increase in Bcr-Abl

protein in early or late stage resistance intermediates (Figure 5.17b).

The fact that K562 2 uM NIL cells were resistant to nilotinib and imatinib, while maintaining sensitivity to

dasatinib, indicated these cells may have developed a mutation such as Y253H, E255K or F359V which

are known to confer resistance to both nilotinib and imatinib, but not dasatinib (Figure 5.1). Thus all
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Table 5.3: ABCB1 protein expression decreases as passage number in the same concentration

of nilotinib increases

ABCB1 Expression in

Passage Number K562 125 nM NIL

33 47.0%
52 36.5%
56 25.0%
58 17.2%
64 5.4%
69 2.1%

Passage Number ABCB1 Expression in

K562 2 uM NIL
5 15.4%
13 14.1%
15 9.4%
17 7.1%
21 4.7%

ABCB1 % expression was determined by flow cytometry.
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Figure 5.15: ABCB1 expression levels decrease over time with IC50NIL values decreasing proportionally

In order to determine the effect of continued cell culture on ABCB1 expression, the K562 50 nM NIL cell line was freshly thawed and, over a period of seven

days, ABCB1 expression and IC50NL examined. 1C50 was determined via incubating cells for 2 h at 37°C in the presence of increasing concentrations of
nilotinib.  Crkl western blot was performed to determine the concentration of TKI required for 50% Bcr-Abl kinase inhibition. Simultaneously, expression
levels of ABCB1 protein were assessed by flow cytometric analysis. Data demonstrate that K562 cells cultured in 50 nM nilotinib for a period of seven days
lose expression of ABCB1 exhibiting a corresponding decrease in IC50NL, The western blot analyses shown are representative of one experiment with the
corresponding ImageQuant analyses also depicted and the corresponding IC50NIL values shown above. The percentages displayed in the histograms denote
cells positive for ABCB1 expression. The bold BLUE and BLACK lines represent resistant and control cells respectively, stained with ABCB1 antibody

while the GREY filled histograms represent cells stained with isotype control antibody.
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Figure 5.16: ABCB1 inhibition decreases p-Crkl protein levels in resistant K562 2 yM NIL cells

IC50 was determined via incubating cells for 2 h at 37°C in the presence of increasing concentrations of nilotinib. Crkl western blot was performed to
determine the concentration of TKI required for 50% Bcr-Abl kinase inhibition. Simultaneously, expression levels of ABCB1 protein were assessed by flow
cytometric analysis. Data demonstrate that K562 2 uM NIL cells have a decreased IC50NL in the presence of ABCB1 inhibition compared with IC50NI in the
absence of ABCB1 inhibition. Cyclosporin A is PSC-833 analogue and was used in lieu of PSC-833 due to its commercially availability. A concentration of
10 uM was demonstrated to effectively inhibit ABCB1-mediated rhodamine-123 efflux from K562-Dox cells (Appendix 3C). The western blot analyses shown
represent one experiment with the corresponding ImageQuant analyses also depicted. The histograms shown are representative of typical expression levels.
The percentages displayed in the histograms denote cells positive for ABCB1 expression. The bold BLUE and BLACK lines represent resistant and control

cells respectively, stained with ABCB1 antibody while the GREY filled histograms represent cells stained with isotype control antibody. NIL=nilotinib.
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Figure 5.17: No Bcr-Abl overexpression was observed during development of nilotinib
resistance in K562 cells

Expression levels of Ber-Abl a) mRNA and b) protein were assessed in K562 nilotinib resistance
intermediates.  Data demonstrate no increase in Bcr-Abl mRNA or protein expression during
development of nilotinib resistance. The error bars in b) represent SEM. No error bars are plotted in a)
as the mRNA expression shown is the mean of two independent experiments. Western blot analyses
shown are representative of at least three separate experiments with the quantitation representing the

mean. Bcr-Abl protein levels were normalised to f-actin control. NIL=nilotinib.
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K562 resistance intermediates were screened for Ber-Abl kinase domain mutations. However, results

indicated that no mutations were present (Appendix 3D).

5.3.6. Nilotinib Resistant K562 Cells have Increased Expression of Src Family Kinases

In addition to inhibiting tyrosine kinases such as Bcr-Abl, dasatinib also has activity against Src Family
Kinases (SFKs) including Fyn, Lyn and Src8091, Hence, in the absence of a kinase domain mutation,
SFK overexpression offers a potential explanation for the differential sensitivity to TKls observed in
K562 2 uM NIL cells. Thus, expression levels of SFKs Lyn and Fyn, as well as Syk and AxI, two cellular
kinases demonstrated to interact with SFKs126.166.280 and previously linked to TKI resistance19.125-127,168,
were determined. Results demonstrated that upon development of nilotinib resistance in K562 125 nM
NIL cells, mRNA expression of Lyn, Fyn, Axl and Syk increased and remained high for the remainder of
nilotinib culture. The most striking increase was observed for Lyn expression with resistant cells
exhibiting 15-18 fold greater levels when compared with control cells (0<0.05). Resistant cells also
demonstrated significantly increased levels of Axl (7-10 fold increase, p<0.01), Fyn (up to 4 fold

increase, p<0.001) and Syk (~3.5 fold increase, p<0.05; Figure 5.18).

While total protein levels for Lyn and AxI did not increase, the level of phosphorylation of both of these
proteins increased in resistant cells (Figure 5.19a and b). Activation of Lyn increased significantly and
there was also a trend for increased phosphorylation of Axl, however, this failed to reach statistical
significance. Autophosphorylation of Lyn at tyrosine 396 (Y396) results in catalytic activation of the
kinase. Resistant K562 cells demonstrated a significant increase in phosphorylation of this residue
corresponding with onset of resistance at 125 nM nilotinib and Lyn mRNA overexpression (p=0.008).
Phosphorylation of Axl at Y779 is associated with activation of PI3-K/Akt signalling. Resistant K562
cells demonstrated a possible increase in phosphorylation of Axl Y779 indicating a potential role for this

signalling pathway in the reduced apoptosis and increased cell proliferation observed.
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Figure 5.18: Nilotinib resistant K562 cells exhibit increased mRNA expression of Lyn, AxI, Fyn
and Syk kinases

Expression levels of Lyn, Axl, Fyn and Syk mRNA were assessed in K562 nilotinib resistance
intermediates. Data demonstrate a significant increase in Lyn, Axl and Fyn expression coinciding with
the onset of resistance at 125 nM nilotinib. Data also demonstrate a marked increase in Syk mRNA
levels reaching significance at 125 nM, 200 nM and 400 nM nilotinib. mRNA expression represents the
mean of at least four independent experiments performed in triplicate. ~Statistical analyses were
performed on mRNA levels as a percentage of GusB using Student’s t-test. Statistically significant p-

values are denoted by asterisks (* p<0.05; ** p<0.01; *** p<0.001). Error bars represent SEM.
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Figure 5.19: Nilotinib resistant K562 cells exhibit increased phosphorylation of Lyn and Axl
proteins

Protein expression levels of a) Lyn and b) Axl and c) Syk were assessed in K562 control and resistant
cells. Data demonstrate that there is no increased expression of Lyn or Axl protein; however, the level
of p-Lyn (Y396) and p-Axl (Y779) increased significantly indicating high levels of activated kinases.
Conversely, levels of Syk but not p-Syk (Y525/526) are elevated in resistant cells. Western blot
analyses shown are representative of at least three separate experiments with the corresponding
quantitation representing the mean. Protein levels were normalised to B-actin control. Statistical
analyses were performed using Student's t-test with statistically significant p-values denoted by
asterisks (** p<0.01). Error bars represent SEM. Ramos cells stimulated with goat anti-human IgM

provide the positive control for Syk protein.
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Conversely, there appears to be an increase in levels of total Syk protein, although this failed to reach
statistical significance; however, there was no detectable expression of p-Syk (Y525/526) (Figure
5.19¢). Syk has previously been implicated in the regulation of Axl phosphorylation'?, hence the

increased levels of Syk observed here may explain the increased phosphorylation of Axl.

c-Cbl has been hypothesised as the master regulator of the Lyn-AxI-Syk ternary complex25, targeting
the proteins for ubiquitination and degradation'23. Hence, levels of c-Cbl mRNA were assessed in K562
nilotinib resistance intermediates. Results demonstrated a modest, yet significant decrease in c-Cbl
which may be responsible for the increased levels of Syk observed in resistant cells; although this

requires further investigation (Figure 5.20).

Thus, during development of nilotinib resistance in K562 cells, ABCB1 overexpression precedes
increased activation of cellular kinases such as Lyn and Axl. This renders cells resistant to both nilotinib

and imatinib, however, a degree of sensitivity to dasatinib is retained.

5.4. Discussion

The introduction of imatinib revolutionised the treatment of CML, however, 30-40% of patients develop
resistance to imatinib therapy with Ber-Abl kinase domain (KD) mutations the most common cause of
resistance2®. The second generation TKiIs, nilotinib and dasatinib, have activity against many imatinib
resistant mutations although a group of patients who develop resistance remains. As we move into the
era of customised treatment regimes, it becomes important to predict which patients are likely to
respond to a given TKI such that treatment plans are tailored to the individual. Thus, in vitro cell line
models are key in determining, not only common modes of TKI resistance, but also kinetics of
resistance development and interplay of resistance mechanisms. In this study, a K562 cell line model

resistant to 2 uM nilotinib was generated and the resistance emergence extensively examined.
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Figure 5.20: c-Cbl levels decrease during development of nilotinib resistance in K562 cells

Expression levels of c-Cbl mRNA were assessed in K562 nilotinib resistance intermediates. Data
demonstrate a decrease in c-Cbl expression during development of nilotinib resistance that reaches
significance at 300nM, 1 uM and 2 yM. mRNA expression represents the mean of six independent
experiments performed in triplicate.  Statistical analyses were performed on mRNA levels as a
percentage of GusB using Student’s t-test. Statistically significant p-values are denoted by asterisks (*

p<0.05). Error bars represent SEM.
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5.4.1. ABCB1 Overexpression is the Initiator of Resistance to Nilotinib In Vitro

ABCB1 overexpression was the mechanism utilised to initiate resistance in K562 cells. Notably, this is
the first report of ABCB1 overexpression, at both the mRNA and protein levels, in the K562 cell line in
response to exposure to nilotinib. Importantly, IC50NIL was demonstrated to directly correlate with
ABCB1 expression confirming the notion that nilotinib is an ABCB1 substrate thus supporting results
detailed in Chapter 4. Continued culture in increasing concentrations of nilotinib resulted in a loss of

ABCB1 expression back to control levels, prior to additional resistance mechanisms predominating.

Intriguingly, ABCG2 mRNA overexpression was also observed in early K562 resistance intermediates.
One potential explanation for this increase is the level of redundancy that exists between closely related
transporters, such as those from the ABC superfamily. Indeed, it has previously been noted in knockout
studies that the reduction of one transporter modifies the expression of another, closely related, efflux
pump: ABCB1 knockout mice have up-regulated levels of ABCG224,  Additionally, a similar
phenomenon has been observed in our laboratory with Oct-1 specific siRNA: levels of Oct-2, Oct-3 and
Oct-6 mRNA increased significantly in response to Oct-1 knockdown (Jane Engler, unpublished results).
Thus, it is possible that the presence of nilotinib directly impacts levels of ABCB1 mRNA which in turn
impact ABCG2 mRNA levels, independently of nilotinib. Data described in Figure 5.13a is in keeping
with this theory: ABCB1 expression initially decreased when compared with control levels and this
corresponded with an increase in ABCG2 expression. However, upon ABCB1 overexpression, ABCG2
expression decreased. Importantly, the increase in ABCG2 mRNA failed to translate to overexpression
of ABCG2 protein; hence it is unlikely that ABCG2 plays a role in development of nilotinib resistance.
Similarly, levels of ABCC1 mRNA also did not increase significantly during development of nilotinib

resistance also making it highly unlikely this transporter plays a role in nilotinib resistance.
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5.4.2. ABCB1 Overexpression Precedes Bcr-Abl Dependent Mechanisms of Resistance in
K562 Cells
Following ABCB1 overexpression in nilotinib resistant K562 cells, additional mechanisms of resistance

predominated. |C50NL and IC50M remained significantly higher in K562 2 yM NIL resistant cells

compared with control cells; however, a degree of sensitivity to dasatinib was maintained. The fact that
IC50NL and IC50M values remained elevated suggested the TKIls were no longer effectively inhibiting
Ber-Abl which is indicative of a Ber-Abl dependent mechanism of resistance. In addition to inhibiting
Ber-Abl, dasatinib also has activity against members of the Src family of tyrosine kinases (SFKs)80.91
while nilotinib and imatinib do not. Bcr-Abl and SFKs have been demonstrated to phosphorylate each
other favouring the active conformation of Bcr-Abl, to which nilotinib and imatinib are unable to
bind123.160_ Thus, cells which exhibit resistance to nilotinib and imatinib, but retain sensitivity to
dasatinib, are likely to harbour SFK-related resistance mechanisms. Indeed, K562 2 uM NIL cells
demonstrated mRNA overexpression of the SFKs Lyn and Fyn. These cells also demonstrated mRNA
overexpression of two other cellular kinases reportedly involved in development of nilotinib resistance:
AxI119.126.127 and Syk'26, Although increased expression of Lyn and Axl proteins were not observed,
there was increased tyrosine phosphorylation of Lyn relating to increased activity of the kinase. There
was also a trend for increased phosphorylation of Axl, although this failed to reach statistical
significance. Thus, in order to confirm a role for Axl in the development of nilotinib resistance in K562
cells, further investigations are required. Additionally, resistant cells had increased levels of Syk protein
even though phosphorylation of this protein was not observed. Determination of Fyn protein levels was
attempted; however, failure to optimise the assay necessitates additional experimentation in order to

confirm a functional role for Fyn in the development of resistance in K562 cells.

The current study investigated the emergence of resistance in K562 cells upon exposure to nilotinib

(Table 5.4). Based on the results described, one possible scenario by which K562 cells develop
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Table 5.4: Summary of resistance mechanisms in K562 cells

K562 125 nM NIL K562 2 yM NIL

Resistance by cytotoxicity to all TKls v v
(Cs0M 111 111
(C50" 111 111
(05004 11 1

KD mutations X X
ABCB1 protein overexpression v X
ABCG?2 protein overexpression X X
Increased Bcr-Abl protein X X
Increased Lyn protein X X
Increased p-Lyn v v
Increased Axl protein X X
Increased p-Axl ND v
Increased Syk protein ND v
Increased p-Syk ND No phosphorylation

v =yes; X=no; T=increase; | =decrease; <>=no change; ND=not determined.
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nilotinib resistance involves decreased levels of intracellular nilotinib caused by ABCB1-mediated efflux
creating favourable conditions for increased activity of Lyn. Constitutively activated Lyn, which exists in
a ternary complex with Syk and Axl'?6, causes phosphorylation of Bcr-Abl stabilising it in the active
conformation. Nilotinib and imatinib are no longer able to bind effectively resulting in inadequate
inhibition and the observed increase in IC50NL and IC50M.  Phosphorylated Bcr-Abl subsequently
activates effector molecules in downstream signalling pathways governing apoptosis, growth and
survival, leading to resistant cells capable of proliferating in the presence of TKI. Syk regulates the
phosphorylation of AxI'26, thus, overexpression of Syk leads to increased phosphorylation of Axl at
Y779. This residue then forms the docking site for effector molecules involved in signalling pathways
governing apoptosis and proliferation73, allowing resistant cells to survive in the presence of TKI. The
causative event/s resulting in Lyn activation may involve down regulation of c-Cbl as previously
suggested'23.168 although this requires further investigation including analysis of c-Cbl protein levels

(Figure 5.21).

It is likely that the events following ABCB1 up regulation, while dependent on the cell line studied, are
stochastic in nature and thus the same modes of resistance may not be observed if the process was
repeated. Also of interest, is the fact that K562 2 uM NIL cells still exhibit a degree of resistance to
dasatinib, despite dasatinib-mediated inhibition of both Ber-Abl and Lyn. This suggests there is a third

mechanism of resistance present; a concept discussed further in Chapter 7.

In conclusion, the findings detailed in this chapter strongly suggest that, in K562 cells, ABCB1
overexpression provides the initial catalyst required for additional Ber-Abl dependent mechanisms of
resistance to occur. Results detailed here demonstrate that ABCB1 overexpression not only provides a
favourable intracellular environment for the manifestation of other mutations/aberrant protein activation

but that it is also directly responsible for nilotinib resistance. Subsequently, additional modes of
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Figure 5.21: Schematic representation of the interplay existing between resistance mechanisms
in K562 cells

Lyn, Axl and Syk have previously been demonstrated to exist in a ternary complex in CML cells that is
targeted for degradation by c-Cbl'26, Decreased levels of c-Cbl may result in the increased levels of
phosphorylated Lyn (p-Lyn) present in the K562 2 uM NIL resistant cell line. An increase in levels of
Syk protein was also observed in resistant cells compared with control cells possibly explaining the
increased phosphorylation of AxI'26 which has previously been demonstrated to interact with proteins
from the PI3-K and Ras signalling pathways?70. Active p-Lyn and Bcr-Abl then engage in reciprocal
phosphorylation leading to greatly increased levels of p-Ber-Abl such that imatinib and nilotinib are no
longer able to effectively inhibit its activity. Thus, constitutive activation of downstream signalling
pathways governing cell survival and apoptosis occurs. Adapter proteins are depicted in PURPLE,
transcription factors in BLUE, kinases in GREEN and apoptosis related proteins in RED. IM=imatinib;

NIL=nilotinib.
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resistance occurred: activation of Lyn was observed and potentially activation of Axl. Overall, the in

vitro model of resistance described presents a valuable tool for studying resistance in patients.
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Chapter 6

ABCB1 Overexpression Precedes Ber-Abl
Independent Resistance in K662-Dox Cells
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6.1. Introduction

As described in Chapter 5, the most common form of secondary resistance observed in CML patients is
kinase domain (KD) mutations (Figure 5.1). However, approximately 50% of patients who relapse do
not have detectable KD mutations. These patients are also at high risk of failing to respond to second-
line TKI therapy and usually relapse a second time, again without detectable KD mutations'128,
Additionally, a group of frankly resistant, relapsed patients exist who still have adequate inhibition of
Ber-Abl activity8. In these patients a Ber-Abl independent mechanism is most likely driving resistance,
with a number of signalling pathways postulated to be the cause: JAK-STAT286.287 and PI3-K
signalling'2.28_for example. While these signalling pathways function in cells containing non-mutated,
wildtype BCR-ABL, in the context of Ber-Abl independent resistance, it is likely that the need for
signalling through Ber-Abl is circumvented through other receptors such as PDGFR or GM-CSFR289
(Figure 6.1). In addition, TKls also have activity against other cellular kinases, for example c-kit and
PDGFR and additionally, in the case of dasatinib, non-receptor tyrosine kinases such as Src family
kinases (SFK). Therefore, if kinase activity is key to disease pathogenesis, it is possible for somatic
mutations in these targets to cause Bcr-Abl independent resistance to TKls; although the evidence for
this in CML patients is limited. There is currently a very poor understanding of the cellular events
leading to Ber-Abl-independent resistance and unfortunately, those patients resistant to TKls in the
absence of KD mutations will not be effectively targeted by TKls alone. Thus, better understanding of
the initiating mechanisms leading to Bcr-Abl independent resistance is required before rational
therapeutic interventions can take place. Consequently, there is much need for an in vitro system in
which to study TKI resistance in the Ber-Abl independent setting and this forms the basis of the

analyses detailed in the current chapter.

Our laboratory has previously observed a stochastic emergence of resistance both within and between

cell lines exposed to the same TKI'07, Exposure of K562 cells to gradually increasing concentrations of
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Figure 6.1: Schematic representation of Bcr-Abl signalling pathways aberrantly activated in CML
(modified from O’Hare et al.2%0)

Upon Bcr-Abl dimerization, trans autophosphorylation causes activation of the kinase and formation of
docking sites for adapter proteins (PURPLE) such as Grb2 and Crkl. In the context of Bcr-Abl
dependent signalling, subsequent activation of downstream pathways facilitates enhanced proliferation
and survival as well as reduced apoptosis. Selected pathways such as JAK-STAT, PI3-K and Ras-ERK
are depicted with transcription factors shown in BLUE, kinases in GREEN and apoptosis related
proteins in RED, however many other pathways not depicted have also been reported. In the context of
Ber-Abl independent signalling, activation of downstream pathways in the absence or inhibition of Ber-

Abl may occur through activation of these pathways by alternate receptors (bold RED arrows).
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nilotinib resulted in the initial overexpression of ABCB1 followed by the predomination of over active Lyn
and Ax| kinases (Chapter 5). Additionally, we have previously demonstrated in a small cohort of
chronic phase CML patients, that high ABCB1 expression at diagnosis may be associated with the
development of KD mutations and/or disease resistance in patients receiving imatinib therapy2%. In
accord with these observations, in the current study, we sought to investigate resistance emergence in
K562-Dox cells. K562-Dox cells have stably overexpressed ABCB1 for many years as a result of
continued passage in doxorubicin and thus provide a suitable model in which to study the association

between ABCB1 expression and nilotinib resistance.

The cell lines generated and subsequent analyses discussed in this chapter were used to investigate
the onset and interplay of nilotinib resistance mechanisms in vitro thus allowing possible identification of
and early intervention for patients at risk of developing resistance to TKI therapy. Additionally, the two
cell lines generated harbour resistance mechanisms independent of Ber-Abl.  This is the first description
of an in vitro model in which cells retain kinase inhibition yet are completely resistant to TKIs and may
provide explanation for patients who lose response to TKI therapy in the absence of KD mutations and

other known mechanisms of resistance.

6.2. Approach

The Bcr-Abl positive cell line K562-Dox (ABCB1 overexpressing) was cultured long term in gradually
increasing concentrations of nilotinib starting with 15 nM and increasing to 2 uM (Section 2.3.3.3; Table
6.1). Control cells were cultured in parallel in a constant diluent concentration of 0.1% DMSO to control
for the DMSO present in cell cultures containing nilotinib. Cell growth was monitored visually, while cell
viability was monitored by trypan blue exclusion of dead cells (Section 2.3.2). The concentration of
nilotinib was increased once ~70% of cells demonstrated survival (nilotinib tolerance) in culture for at

least 10 consecutive days. At each stage of nilotinib escalation, ampoules of cells were frozen (Section
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Table 6.1: Summary of nilotinib concentrations to which cell line resistance intermediates were

exposed and the corresponding number of days before dose was increased

K562-Dox
Nilotinib Concentration % Live Cells Days in Culture
15 nM NIL 99.6 1
30 nM NIL 96.9 10
60 nM NIL 98.5 11
100nM NIL #1 91.3 12
125 nM NIL #1 73.6 81
200 nM NIL #1 76.6 16
300 nM NIL #1 63.2 11
1 UM NIL #1 75.8 19
2 UM NIL #1 90.7 Ongoing
50 nM NIL #2 86.4 39
100 nM NIL #2 85.7 23
125 nM NIL #2 87.9 13
200 nM NIL #2 90.0 18
1 UM NIL #2 61.0 26
2 UM NIL #2 87.0 Ongoing
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2.3.4) to allow thawing and re-culture at a later time point (Section 2.3.5). In addition, aliquots of cells
were lysed in TRIzol reagent for RNA extraction and cDNA synthesis (Section 2.4.5). Concentrations
of nilotinib up to 100 nM were tolerated easily, however growth and viability substantially reduced upon
exposure to 125 nM nilotinib (Table 6.1). For this reason a second line (termed #2) of K562-Dox cells

was created from the K562-Dox 100 nM NIL #1 line. A frozen ampoule of cells cultured in 100 nM

nilotinib was thawed and re-escalation of nilotinib began at 50 nM. Once cells demonstrated ~80%
survival in 125 nM nilotinib, the level of resistance was determined via IC50 assays based on p-Crkl
protein expression (Section 2.4.2) and confirmed by cytotoxicity assays (Section 2.3.6). Nilotinib dose
escalation continued until a concentration of 2 uM was reached to reflect plasma levels achieved in vivo
in nilotinib treated patients'”® and resistance was again determined by cytotoxicity assays and p-Crkl
IC50. Modes of resistance were investigated as summarised in Figure 6.2. Briefly, because ABCB1
and ABCG2 overexpression has previously been linked to TKI resistance15.116.118,138,139  cel| surface
expression of these transporters was assessed routinely during resistance development and prior to
each IC50 and cytotoxicity assay using flow cytometric analysis (Section 2.3.8.1). ABCB1 function was
also assessed by rhodamine efflux studies (Section 2.3.9.1). Cell lines were screened for total tyrosine
phosphorylation status (Section 2.3.8.2) and phosphorylation status of Bcr-Abl, Lyn, Axl and Syk
(Section 2.4.3), as well as altered levels of other cellular kinases and cancer signalling proteins when
compared with control cells (Section 2.4.4). Levels of ABCB1 mRNA were also determined in de novo

CML patients prior to initiation of nilotinib therapy.

6.3. Results

6.3.1. K562-Dox Cells Cultured in 125 nM Nilotinib Demonstrate Resistance to TKis In Vitro
Initially, one line of nilotinib resistant K562-Dox cells was generated through exposure to gradually

increasing concentrations of nilotinib (K562-Dox NIL #1). Nilotinib concentrations up to 100 nM were

easily tolerated, however, upon exposure to 125 nM nilotinib, cell growth stalled and viability
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Figure 6.2: Schematic summary of generation and determination of nilotinib resistance in K562-

Dox cells

K562-Dox cells were cultured in gradually increasing concentrations of nilotinib.

At nilotinib

concentrations 125 nM and 2 uM, resistance was assessed by various in vitro methods (

). In addition, mRNA levels were determined in all resistance intermediates (GREEN BOXES).

All assays were also performed on K562 control cells for comparison. Bold arrows represent steps in

escalation of nilotinib. Dashed arrows denote which assays were performed upon each intermediate.

NIL=nilotinib.

-183 -



Chapter Six — ABCB1 Overexpression Precedes Ber-Abl Independent Resistance in K562-Dox Cells

significantly decreased (Table 6.2a). However, after approximately three months exposure to 125 nM

nilotinib, cell viability increased to >60%. Because growth of K562-Dox NIL #1 cells in 125 nM nilotinib

was so laboured, culture of a second K562-Dox cell line (K562-Dox NIL #2) was initiated from a frozen

ampoule of 100 nM NIL #1 cells and re-escalation in nilotinib commenced. These cells were also slow
growing, however, after approximately two and a half months, were able to tolerate 125 nM nilotinib with

cell viability reaching 88% (Table 6.2b). Thus, resistance to nilotinib in both K562-Dox 125 nM NIL #1

and K562-Dox 125 nM NIL #2 cells was evaluated by cytotoxicity assay. K562-Dox 125 nM NIL #1 cells

demonstrated increased survival compared with control cells when exposed to 1000 nM nilotinib for 72

h: 42% vs 98% survival. K562-Dox 125 nM NIL #2 also demonstrated increased survival compared with

control cells when exposed to 1000 nM nilotinib for 72 h: 42% vs 98% survival (Figure 6.3a).

Resistance to imatinib and dasatinib were assessed with resistant cells demonstrating increased
survival when compared with control cells. In the presence of 5 pM imatinib: K562-Dox control=31%

survival, K562-Dox 125 nM NIL #1=92% survival, K562-Dox 125 nM NIL #2=93% survival. In the

presence of 500 nM dasatinib: K562-Dox control=11% survival, K562-Dox 125 nM NIL #1=95% survival,

K562-Dox 125 nM NIL #2=77% survival (Figure 6.3b and c).

6.3.2. K562-Dox 125 nM NIL #1 and K562-Dox 125 nM NIL #2 Cells Demonstrate Differential
IC50
IC50NL, [C50M and IC50PAS specific for p-Crkl protein expression were determined for both K562-Dox

125 nM NIL #1 and K562-Dox 125 nM NIL #2 cells. Interestingly, while both cell lines demonstrated

resistance via cytotoxicity assays, only K562 125 nM NIL #2 cells demonstrated significantly increased

IC50NL when compared with control cells: 507 nM vs 888 nM, p<0.001 (Figure 6.4a). IC50PAS also
increased from 108 nM to 210 nM, p=0.018; however, IC50™ demonstrated no change from 10.4 uM to

10.1 uM, p=0.953 which was unexpected (Figure 6.4b and c).
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Table 6.2a: Summary of live K562-Dox NIL #1 cells after exposure to 125 nM nilotinib for the

corresponding number of days

Days in Culture % Live Cells
2 94.0
6 68.1
9 46.2
12 44.8
16 56.5
55 45.5
74 58.8
76 54.4
79 62.7
81 73.6
83 62.4
88 62.3
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Table 6.2b: Summary of live K562-Dox NIL #2 cells after exposure to increasing concentrations

of nilotinib for the corresponding number of days

[Nilotinib] Days in Culture % Live Cells
50 nM 2 58.7
4 29.1
14 65.0
18 84.9
21 58.5
23 39.6
25 44.3
28 53.5
31 79.1
33 79.4
35 88.2
39 86.4
100 nM 9 64.5
12 69.4
23 85.7
125 nM 2 91.3
6 75.0
9 87.2
13 87.9
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Figure 6.3: K562-Dox 125 nM NIL #1 and K562-Dox 125 nM NIL #2 cells have significantly

decreased TKI-mediated cell death

Cells were cultured for 72 h in increasing concentrations of a) nilotinib b) imatinib and c) dasatinib and

cell death determined by Annexin V/7-AAD staining. Data demonstrate that K562-Dox 125 nM NIL #1

and K562-Dox 125 nM NIL #2 cells have increased survival in the presence of TKls when compared

with control cells. Results were confirmed with trypan blue staining (Appendix 4A). The FACS plots
shown represent one experiment performed in triplicate with the corresponding survival curves
representing the mean. Data were normalised to 0 nM TKI with the number of live cells in the absence

of TKl set at 100%. NIL=nilotinib; IM=imatinib; DAS=dasatinib.
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Figure 6.4: K562-Dox 125 nM NIL #1 and K562-Dox 125 nM NIL #2 cells have contrasting levels of

Bcr-Abl kinase inhibition
IC50 was determined via incubating cells for 2 h at 37°C in the presence of increasing concentrations of
a) nilotinib, b) imatinib and c) dasatinib. Crkl western blot was performed to determine the concentration

of TKI required for 50% Bcr-Abl kinase inhibition. Data demonstrate that K562-Dox 125 nM NIL #1 cells

have significantly decreased IC50 when compared with control cells whereas K562-Dox 125 nM NIL #2

cells have significantly increased IC50 when compared with control cells. The western blot analyses
shown are representative of at least three separate experiments with the corresponding densitometry
analysis representing the mean. Statistical analyses were performed using Student's t-test with
statistically significant p-values denoted by asterisks (* p<0.05; ** p<0.01; *** p<0.001). Error bars

represent SEM. NIL=nilotinib, IM=imatinib, DAS=dasatinib.
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Intriguingly, K562 125 nM NIL #1 cells demonstrated a significantly decreased IC50NL, |[C50M and

IC500AS when compared with control cells, despite being fully resistant via cytotoxicity assays. IC50NL
decreased from 507 nM to 219 nM, p<0.001; IC50™ decreased from 10.4 uM to 1.3 uM, p=0.003; and

IC50PAS decreased from 108 nM to 13 nM, p=0.003 (Figure 6.4).

6.3.3. IC50 in Resistant K562-Dox Cells is Dependent on ABCB1 Expression
ABCB1 expression was assessed to investigate whether overexpression also played a role in resistance
development in K562-Dox cells. Data demonstrated that ABCB1 mRNA and protein expression directly

correlated with 1C50. In K562-Dox 125 nM NIL #2 cells, in which IC50NL and IC50PAS were high,

ABCB1 protein expression increased from 274 MFI in control cells to 515 MFI in resistant cells
(p=0.002; Figure 6.5a). Additionally, ABCB1 mRNA also increased 2.2-fold when compared with

control cells (p=0.003; Figure 6.6a). However, in K562-Dox 125 nM NIL #1 cells, in which IC50NLL,

IC50M and IC50PAS were low, two populations of cells were present: ABCB1-positive cells and an
ABCB1-negative population. Interestingly the ABCB1-negative population increased in size, with a
corresponding decrease in the ABCB1-positive population, as time elapsed (Figure 6.5b). Likewise,

ABCB1 mRNA was decreased by 3.8-fold when compared with control cells (p=0.002; Figure 6.6a).

6.3.4. Sustained Culture of K562-Dox Cells in Nilotinib Results in Decreased ABCB1
Expression and Loss of ABCB1 Function
Continued culture in concentrations of nilotinib up to 2 uM resulted in decreased levels of ABCB1 mRNA

and protein (Figure 6.6) in both K562-Dox NIL #1 and K562-Dox NIL #2 cell lines. In K562-Dox 2 uM

NIL #1 cells expression levels of ABCB1 protein and mRNA decreased by 33- and 200-fold respectively

(p<0.001 and p=0.002 respectively). Similarly, in K562-Dox 2 uM NIL #2 cells, expression levels of

ABCB1 protein and mRNA decreased by 97- and 250-fold respectively (p<0.001 and p=0.002

respectively; Figure 6.6).
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Figure 6.5: ABCB1 protein expression directly correlates with IC50 in K562-Dox NIL resistant
cells

Expression levels of ABCB1 protein were assessed in a) K562-Dox 125 nM NIL #2 and b) K562-Dox

125 nM NIL #1 cells. Data demonstrate K562-Dox 125 nM NIL #2 cells have increased expression

levels of ABCB1 protein when compared with control cells and this correlates with the increased IC50NLL

and IC50PAS, Data also demonstrate K562-Dox 125 nM NIL #1 cells comprise two distinct populations:

ABCB1-positive and ABCB1-negative cells. The ABCB1-negative cell population increased over time

with a corresponding decrease in ABCB1-positive cells. K562-Dox 125 nM NIL #1 cells had decreased

IC50NL, |C50M and IC50PAS when compared with control cells. The histograms displayed in a)
represent typical ABCB1 MFI levels. The percentages displayed in b) denote cells positive for ABCB1
expression. The bold BLACK and BLUE lines represent control and resistant cells respectively,
stained with ABCB1 antibody. The GREY filled histograms represent cells stained with isotype control

antibody.
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Figure 6.5 (continued): ABCB1 protein expression directly correlates with IC50 in K562-Dox NIL resistant cells
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Figure 6.6a: Culture of K562-Dox cells in 2 pM nilotinib causes complete loss of ABCB1 mRNA

Expression levels of ABCB1 mRNA were assessed in a) K562-Dox NIL #1 and b) K562-Dox NIL #2

resistance intermediates. Data demonstrate a significant decrease in ABCB1 expression when cells are
cultured in concentrations of nilotinib up to 2 yM. The mRNA expression represents the mean of six
independent experiments performed in triplicate. Statistical analyses were performed on mRNA levels
as a percentage of BCR using Student’s t-test. Statistically significant p-values are denoted by

asterisks (** p<0.01; *** p<0.001). Error bars represent SEM. NIL=nilotinib.
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Figure 6.6b: Culture of K562-Dox cells in 2 uM nilotinib causes complete loss of ABCB1 protein

Expression levels of ABCB1 protein were assessed in a) K562-Dox 2 uM NIL #1 and b) K562-Dox 2 uM NIL #2 cells. Data demonstrate a significant

decrease in ABCB1 expression. The histograms shown are representative of typical expression levels. The percentages displayed in the histograms denote
cells positive for ABCB1. The bold BLACK and BLUE lines represent control and resistant cells respectively, stained with ABCB1 antibody. The GREY

filled histograms represent cells stained with isotype control antibody.
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Following long term exposure of K562 cells to the ABCB1 substrate doxorubicin, resultant K562-Dox
cells have stably expressed ABCB1 for over a decade. This is the first time loss of ABCB1 expression
in K562-Dox cells due to continued culture in TKI has been described. Thus, it was important to

determine whether there was also a loss of ABCB1 function. Therefore, K562-Dox 2 uM NIL #1 and

K562-Dox 2 uM NIL #2 cells were assessed for ability to effectively efflux the ABCB1 substrate

rhodamine-123. Results demonstrated a complete loss of ABCB1 function with both resistant cell lines
demonstrating comparable rhodamine-123 levels to the parental K562 cell line. Rhodamine-123 levels

in K562-Dox control cells were as expected (Figure 6.7).

No significant increase in levels of ABCG2 mRNA was observed in any K562-Dox NIL #1 resistance

intermediates; there was, however, a significant decrease. Furthermore, no significant increase in

ABCG2 protein was observed in either K562-Dox 125 nM NIL #1 or K562-Dox 2 uM NIL #1 cells

(Figure 6.8a). However, in early K562-Dox NIL #2 resistance intermediates, a significant increase in

ABCG2 mRNA was observed although this failed to translate to a significant increase in ABCG2 protein
and it was not maintained within later resistance intermediates (Figure 6.8b). Thus, because no
functional ABCG2 protein was present, it is unlikely this transporter plays a role in resistance to nilotinib

in K562-Dox cells.

Similarly, no significant increase in ABCC1 mRNA was observed in K562-Dox NIL #2 resistant cells.

However, a slight increase in ABCC1 levels was observed in K562-Dox NIL #1 cells, although this

increase was inconsistent and non-substantial (Figure 6.9). Thus, while it is unlikely ABCC1 plays a

role in nilotinib resistance in K562-Dox cells, this possibility cannot be completely ruled out.
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Figure 6.7: K562-Dox 2 pM NIL #1 and K562-Dox 2 uM NIL #2 cells lose the ability to effectively efflux rhodamine-123 when cultured in 2 yM

nilotinib

Cells were stained with the fluorescent substrate rhodamine-123 and fluorescence determined in the absence and presence of the specific ABCB1 inhibitor
PSC-833. K562-Dox control cells demonstrated characteristically high levels of rhodamine-123 in the presence of PSC-833 consistent with ABCB1 inhibition
resulting in retention of substrate. In the absence of inhibition, rhodamine-123 levels were low, consistent with efflux of substrate from cells. Parental K562

cells demonstrated characteristically high levels of rhodamine-123 in the absence and presence of PSC-833 consistent with negligible levels of ABCB1.

Similarly, K562-Dox 2 uM NIL #1 and K562-Dox 2 uM NIL #2 cells also demonstrated high levels of rhodamine-123 in the absence and presence of PSC-833
indicating these cells had lost all functional ABCB1 protein. Data are representative of typical MFI levels with the geometric mean of the peaks detailed. The

BLACK histograms represent fluorescent substrate alone while the BLUE histograms represent PSC-833-mediated inhibition of ABCB1.
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Figure 6.8a: ABCG2 levels do not increase in K562-Dox NIL #1 cells

10°
ABCG2

Expression levels of ABCG2 mRNA and protein were assessed in K562-Dox NIL #1 nilotinib resistance

intermediates. Data demonstrate no increase in ABCG2 expression during development of nilotinib

resistance: a significant decrease in mRNA expression and no change in protein levels were observed.

mRNA expression represents the mean of six independent experiments performed in triplicate while the

histograms shown are representative of typical expression levels. The bold BLACK lines represent

control cells while the bold RED and BLUE lines represent K562-Dox 125 nM NIL #1 and K562-Dox 2

uM NIL #1 cells respectively, stained with ABCG2 antibody. The GREY filled histograms represent cells

stained with isotype control antibody. Statistical analyses were performed on mRNA levels as a

percentage of BCR using Student’s t-test. Statistically significant p-values are denoted by asterisks (*

p<0.05; ** p<0.01). Error bars represent SEM. NIL=nilotinib.
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Figure 6.8b: ABCG2 protein levels do not increase in K562-Dox NIL #2 cells

Expression levels of ABCG2 mRNA and protein were assessed in K562-Dox NIL #2 cells.

Data

demonstrate an increase ABCG2 mRNA in early stage K562-Dox NIL #2 resistance intermediates but

this decreases in later stage nilotinib resistance Importantly, this increase in mRNA fails to translate to

an increase in ABCG2 protein levels in either K562-Dox 125 nM NIL #2 or K562-Dox 2 uM NIL #2 cells.

mRNA expression represents the mean of six independent experiments performed in triplicate while the

histograms shown are representative of typical expression levels. The bold BLACK lines represent

control cells while the bold RED and BLUE lines represent K562-Dox 125 nM NIL #2 and K562-Dox 2

uM NIL #2 cells respectively, stained with ABCG2 antibody. The GREY filled histograms represent cells

stained with isotype control antibody. Statistical analyses were performed on mRNA levels as a

percentage of BCR using Student’s t-test. Statistically significant p-values are denoted by asterisks (*

p<0.05; ** p<0.01). Error bars represent SEM. NIL=nilotinib.
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Figure 6.9: ABCC1 levels do not increase in K562-Dox NIL #2 cells

Expression levels of ABCC1 mRNA were assessed in a) K562-Dox NIL #1 and b) K562-Dox NIL #2

cells. Data demonstrate no consistent increase in ABCC1 expression during development of nilotinib
resistance. mMRNA expression represents the mean of six independent experiments performed in
triplicate. Statistical analyses were performed on mRNA levels as a percentage of BCR using Student's
t-test. Statistically significant p-values are denoted by asterisks (* p<0.05; ** p<0.01; *** p<0.001).

Error bars represent SEM. NIL=nilotinib.
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6.3.5. K562-Dox Cells Cultured in 2 pM Nilotinib Demonstrate Bcr-Abl Independent
Resistance to TKis In Vitro

Importantly, while K562 2 uM NIL #1 and K562 2 uM NIL #2 cells demonstrated negligible levels of

ABCB1, they were still completely resistant to three currently available TKls. K562-Dox 2 uM NIL #1

cells demonstrated significantly increased survival compared with control cells when exposed to 1000
nM nilotinib for 72 h: 44% vs 120% viable cells (p=0.002; Figure 6.10a). Survival also increased in the
presence of 5 uM imatinib with viable cells increasing from 39% to 103% (p<0.001) and in the presence
of 500 nM dasatinib from 37% to 102% (p<0.001; Figure 6.10b and c). Similar results were observed

in K562 2 uM NIL #2 cells: the percentage of viable cells in the presence of 1000 nM nilotinib increased

from 44% to 112% (p<0.001), viable cells in the presence of 5 uM imatinib increased from 39% to 109%
(p<0.001), and viable cells in the presence of 500 nM dasatinib increased from 37% to 106% (p<0.001;

Figure 6.10a—c).

Interestingly, the ICS0NL, [C50M and IC50PAS were all significantly decreased in both cell lines indicating

a Ber-Abl independent mode of resistance. In K562-Dox 2 UM NIL #1 cells, the IC50NL decreased

significantly when compared with control cells (507 nM to 106 nM, p<0.001). Similar results were

observed for K562-Dox 2 uM NIL #2 cells: IC50NL=159 nM, p<0.001 (Figure 6.11a). Likewise, IC50M

decreased significantly in both K562-Dox 2 uM NIL #1 (760 nM, p=0.001) and K562-Dox 2 uM NIL #2

(1.1 uM, p=0.003) when compared with control cells (10.4 uM, Figure 6.11b). IC50PAS decreased from

108 nM in control cells to 2.3 nM and 2.4 nM, K562-Dox 2 uM NIL #1 and K562-Dox 2 uM NIL #2

respectively (p=0.001, Figure 6.11c). IC50FON decreased from 10.1 nM in control cells to 4.2 nM in

K562 2 uM NIL #2 cells (p<0.001, Figure 6.11d).

6.3.6. p-Crkl Protein Levels Provide an Accurate Surrogate for Ber-Abl Kinase Activity

It has recently been proposed that p-Crkl protein levels may not accurately reflect Ber-Abl activity2!.
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Figure 6.10: K562-Dox 2 uM NIL #1 and K562-Dox 2 uM NIL #2 cells have significantly decreased

TKI-mediated cell death
Cells were cultured for 72 h in increasing concentrations of a) nilotinib b) imatinib and c) dasatinib and

cell death determined by Annexin V/7-AAD staining. Data demonstrate that K562-Dox 2 uM NIL #1 and

K562-Dox 2 uM NIL #2 cells have increased survival in the presence of TKls when compared with

control cells. Results were confirmed visually and with trypan blue staining (Appendices 4B and 4C).
The FACS plots shown are representative of at least three separate experiments performed in triplicate
with the corresponding survival curves representing the mean. Data were normalised to 0 nM TKI with

control values set at 100% live cells. Statistical analyses were performed using Student’s t-test with

statistically significant p-values denoted by asterisks and carets representing K562-Dox 2 yM NIL #1

and K562-Dox 2 uM NIL #2 cell lines respectively (** p<0.01; *** p<0.001). Error bars represent SEM.

NIL=nilotinib; IM=imatinib; DAS=dasatinib.
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Figure 6.11: K562-Dox 2 uM NIL #1 and K562-Dox 2 uM NIL #2 cells have significantly decreased

IC50

IC50 was determined via incubating cells for 2 h at 37°C in the presence of increasing concentrations of
a) nilotinib, b) imatinib, ¢) dasatinib and d) ponatinib. Crkl western blot was performed to determine the
concentration of TKI required for 50% Bcr-Abl kinase inhibition. Data demonstrate that both K562-Dox 2

UM NIL #1 and K562-Dox 2 uM NIL #2 cells have significantly decreased IC50 when compared with

control cells. The western blot analyses shown are representative of at least three separate
experiments with the corresponding densitometry analysis representing the mean. Statistical analyses
were performed using Student's t-test with statistically significant p-values denoted by asterisks (***

p<0.001). Error bars represent SEM. NIL=nilotinib; IM=imatinib; DAS=dasatinib; PON=ponatinib.
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Thus, in order to determine whether p-Crkl protein constitutes a valid surrogate marker for Bcr-Abl
activity, protein levels of p-Crkl as well as Bcr-Abl and phosphorylated Ber-Abl (p-Ber-Abl) were
assessed in cells incubated in increasing concentrations of nilotinib. Indeed, results demonstrated that
p-Crkl inhibition parallels Ber-Abl kinase inhibition with a steady decrease in levels of both p-Crkl and p-
Ber-Abl in the presence of increasing concentrations of nilotinib. Importantly, levels of total Ber-Abl
protein remained constant Furthermore, levels of p-Ber-Abl in nilotinib resistant cells demonstrated
sufficient inhibition of Bcr-Abl kinase activity despite resistance to 2 uM nilotinib thus confirming results

from p-Crkl specific IC50NIL (Figure 6.12).

6.3.7. Ber-Abl Inhibition in K562-Dox 2 yM NIL #1 and K562-Dox 2 yM NIL #2 cells is

Reversed upon Drug Washout
Following the validation of p-Crkl as an indicator of Bcr-Abl kinase activity, it was necessary to confirm

that the resistance mechanism present in these cells was Bcr-Abl independent. Thus nilotinib was

removed from the culture media by thorough washing and K562-Dox 2 uM NIL #1 and K562-Dox 2 uM
NIL #2 cells allowed equilibrate overnight. Total Bcr-Abl levels and p-Ber-Abl levels were then
determined and compared with the levels in cells that remained in culture with nilotinib. Results
demonstrated that in both cell lines kinase activity was completely inhibited in the presence of nilotinib
causing a significant decrease in p-Ber-Abl protein levels when compared with control cells (p<0.05).
However, upon drug washout, reactivation of the Bcr-Abl kinase occurred resulting in similar levels of p-
Ber-Abl in both resistant and control cells (p>0.05). Importantly, total Bcr-Abl levels remained
unaffected in the absence and presence of nilotinib (Figure 6.13). Thus, while nilotinib was effective at
inhibiting Bcr-Abl kinase activity, both cell lines demonstrated complete resistance indicating the

presence of a genuine Ber-Abl independent resistance mechanism.
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Figure 6.12: p-Crkl protein levels reflect Ber-Abl kinase activity in the presence of nilotinib

a) K562-Dox control, b) K562-Dox 2 yM NIL #1 and c) K562-Dox 2 yM NIL #2 cells were incubated for 2

h at 37°C in the presence of increasing concentrations of nilotinib. Western blot for total Ber-Abl, p-Ber-
Abl, Crkl and B-actin were performed. Data demonstrate that levels of total Ber-Abl remain constant in
the presence of nilotinib, however, levels of p-Ber-Abl decrease as nilotinib concentration increases.
Levels of p-Crkl decrease concordantly indicating this protein is a valid surrogate for Ber-Abl kinase
activity. The western blot analyses shown are representative of three separate experiments.

NIL=nilotinib.
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Figure 6.13: Ber-Abl activity is inhibited in K562-Dox 2 uM NIL #1 and K562-Dox 2 uM NIL #2 cells; kinase reactivation occurs upon drug washout

Total Ber-Abl and p-Ber-Abl protein levels were determined in K562-Dox cells either cultured continuously in 2 uM nilotinib or thoroughly washed and cultured
overnight in the absence of nilotinib. Data demonstrate that total Bcr-Abl levels remain constant in the absence or presence nilotinib. Conversely, levels of p-
Ber-Abl, which are significantly reduced in the presence of nilotinib, increase to levels comparable with those in control cells upon nilotinib washout, thus
indicating Bcr-Abl independent resistance. Western blot analyses shown are representative of three separate experiments with the corresponding
quantitation representing the mean. Bcr-Abl levels were normalised to B-actin control. Statistical analyses were performed using Student’s t-test with

statistically significant p-values denoted by asterisks (* p<0.05). Error bars represent SEM. NIL=nilotinib.
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6.3.8. No Increase in Lyn or Axl Expression or Activity was Observed in Nilotinib Resistant
K562-Dox Cells
While it has already been established that Lyn and Bcr-Abl engage in reciprocal phosphorylation thus
rendering Lyn overexpression and/or activation a Ber-Abl dependent mechanism of resistance23.18.160,
persistent activation of Lyn may be the result of a conformational change induced by a point mutation?2s,
Hence, mRNA and protein levels of Lyn and Ax|, two common tyrosine kinases involved in nilotinib
resistance, were determined. However, results demonstrated that neither mRNA (Figure 6.14a) nor
protein (Figure 6.15a) levels of Lyn increased significantly; in fact, Lyn levels decreased, although this
failed to reach statistical significance. There was also no increase in Lyn activity, with p-Lyn (Y396)

levels in both K562-Dox 2 uM NIL #1 and K562-Dox 2 uM NIL #2 cells slightly reduced when compared

with those in control cells, although again, this failed to reach statistical significance (Figure 6.15a).
Similarly, there was also no increase in Axl mRNA (Figure 6.14b) nor in total and p-AxI (Y779) protein
levels (Figure 6.15b). Levels of total Axl protein appeared decreased when compared with control cell
levels, although this also failed to reach statistical significance. Levels of Syk and p-Syk (Y525/526)

were undetectable in both control and resistant cells (Figure 6.15¢c).

6.3.9. Total Tyrosine Phosphorylation is Decreased in Nilotinib Resistant K562-Dox Cells
In the case of Ber-Abl independent resistance, activation of alternative signalling pathways such as
JAK-STAT26.287 and P13-K129.288 may occur. For this reason, total tyrosine phosphorylation in K562-Dox

2 UM NIL #1 and K562-Dox 2 uM NIL #2 cells was assessed via flow cytometry. Results demonstrated

that, in both resistant cell lines, tyrosine phosphorylation significantly decreased when compared with
control cells. The percentage of cells staining positive for 4G10 antibody deceased significantly from

78.1% in control cells to 2.2% and 4.1% in K562-Dox 2 uM NIL #1 and K562-Dox 2 uM NIL #2 cells

respectively (p<0.001, Figure 6.16a). Further investigation into specific effector molecules contained in

these pathways (Figure 6.1) demonstrated a reduction in phosphorylation of Akt (T308), Erk
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Figure 6.14: Lyn and Axl mRNA levels do not increase during development of nilotinib resistance
in K562-Dox Cells

Expression levels of a) Lyn and b) Axl mRNA were assessed in K562-Dox nilotinib resistance
intermediates. Data demonstrate no increase in either Lyn or Axl expression at any time during
development of resistance. mRNA expression represents the mean of at least three independent
experiments performed in triplicate. Statistical analyses were performed on mRNA levels as a
percentage of GusB using Student’s t-test with statistically significant p-values denoted by asterisks (*

p<0.05; ** p<0.01). Error bars represent SEM. NIL=nilotinib.
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Figure 6.14 (continued): Lyn and Axl mRNA levels do not increase during development of

nilotinib resistance in K562-Dox Cells
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Figure 6.15: Nilotinib resistant K562-Dox cells do not exhibit increased expression or activity of
Lyn, AxI or Syk proteins

Protein expression levels of a) Lyn, b) Axl and c) Syk were assessed in K562-Dox control and resistant
cells. Data demonstrate that there is no increase in expression of Lyn, Axl or Syk proteins; importantly
there is also no increase in levels of p-Lyn (Y396), p-Axl (Y779) or p-Syk (Y525/526) indicating no
increase in activity of these proteins. Western blot analyses shown are representative of at least three
separate experiments with the corresponding quantitation representing the mean. Protein levels were
normalised to B-actin control. Error bars represent SEM. Ramos cells stimulated with goat anti-human

IgM provide the positive control for Syk protein. NIL=nilotinib.
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Figure 6.16: Total tyrosine phosphorylation is decreased in nilotinib resistant K562-Dox cells

K562-Dox control and K562-Dox 2 uM NIL resistant cells were stained with a) 4G10 antibody to assess

total tyrosine phosphorylation status. Phosphorylation status of the oncoproteins b) Akt, ¢) Erk, d) Stat5
and e) Crkl was also determined. Data demonstrate a significant decrease in total tyrosine
phosphorylation in resistant cells when compared with control cells. Additionally, there was no increase
in phosphorylation of the oncoproteins. Data are representative of typical MFI levels. The GREY filled
histograms represent cells stained with isotype control antibody. The bold BLACK, RED and BLUE

histograms represent K562-Dox control, K562-Dox 2 uM NIL #1 and K562-Dox 2 uM NIL #2 cells

respectively, stained with the antibodies detailed on the histograms. Flow cytometry was conducted by

Amity Frede who had no role in the analysis of the data.
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(T202/Y204) and Stat5 (Y694) although this failed to reach statistical significance; phosphorylation of

Crkl was also reduced, confirming results from western blot (Figure 6.16b-e).

6.3.10. Nilotinib Resistance in K562-Dox Cells may be due to Aberrant Expression of
Proteins Governing Cell Survival and Apoptosis
None of the previously reported causes of Ber-Abl independent resistance in CML appeared to be the
source of resistance to nilotinib in the K562-Dox cells here, thus a more global approach was employed
in an attempt to determine the resistance mechanism/s present. Commercially available micro array
plates (Fullmoon Biosystems) were used to compare protein expression levels of various cellular
kinases and proteins involved in cancer signalling in resistant cells versus control cells. The arrays
were analysed by Fullmoon Biosystems and the percentage change in expression levels determined
(Appendix 4D). A smaller selection of interesting candidate proteins exhibiting large percentage
changes were then validated by western blot where possible: PDGFR-B, MAP3KS5, cdc25C and Chk2

(unfortunately western blot for PDGFR-B was unable to be optimised).

Platelet-derived growth factor receptors (PDGFR), such as PDGFR-B, are receptor tyrosine kinases
involved in signalling pathways governing cell growth, differentiation and migration2%2,  Additionally,
overactivity of these receptors caused by abnormal gene rearrangement has previously been implicated
in various malignancies including CML2%, Upon comparison of protein levels in K562-Dox cells, array

data demonstrated a 109% and 98% increase in expression of PDGFR-f in K562-Dox 2 uM NIL #1 and

K562-Dox 2 uM NIL #2 cells respectively when compared with control cells (Table 6.3).

Mitogen-activated protein kinase kinase kinase 5 (MAP3K5) is a cellular kinase involved in stress-
related apoptosis. Activation of this protein induces cell death; conversely decreased expression and/or

reduced activity promotes cell survival. Array results demonstrated a 57% and 54% decrease in K562-
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Table 6.3: Summary of proteins yielding large changes in expression in K562-Dox NIL resistant

versus K562-Dox control cells

Cell Line Protein Fold Change | % Change
K562-Dox 2 uM NIL #1 PDGFR-B 1.09 +109
MAP3K5 -0.57 -57
cdc25C 1.45 +145
Chk2 0.98 +98
K562-Dox 2 uM NIL #2 PDGFR-B 0.98 +98
MAP3K5 -0.54 -54
cdc25C -0.47 47
Chk2 1.04 +104
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Dox 2 uM NIL #1 and K562-Dox 2 uM NIL #2 cells respectively when compared with control cells (Table

6.3). These data were confirmed by western blot with resistant cells demonstrating a clear reduction in

MAP3KS5 protein levels (Figure 6.17a).

Chk2 and cdc25C are proteins involved in DNA damage repair pathways. c¢dc25C is a protein
phosphatase that regulates the entry of cells into mitosis while Chk2 acts by inhibiting cdc25C thus
preventing premature mitosis from occurring. Array results demonstrated an increase in expression of

both cdc25C and Chk2 in K562-Dox 2 uM NIL #1 cells of 145% and 98% respectively (Table 6.3).

However, western blot results did not confirm this with data showing a clear decrease in levels of
cdc25C and no significant change in levels of Chk2 (Figure 6.17b and c¢). Array results demonstrated

an increase in Chk2 expression in K562-Dox 2 yM NIL #2 cells of 104% which was confirmed by

western, although this failed to reach statistical significance (Table 6.3, Figure 6.17c). However, the

decrease in cdc25C expression observed in the array for K562-Dox 2 yM NIL #2 cells (47%, Table 6.3)

was confirmed by western blot (Figure 6.17b).

6.3.11. Newly Diagnosed CML Patients Exhibit a Range of ABCB1 mRNA Expression Levels

Our laboratory has previously demonstrated a correlation between high levels of ABCB1 expression at
diagnosis and loss of response to imatinib therapy2%3. Accordingly, ABCB1 mRNA levels were
determined in 83 newly diagnosed CML patients receiving 300 mg upfront nilotinib twice daily to
investigate whether the same is true for nilotinib. Peripheral blood diagnosis samples were used prior to
therapy commencement such that baseline ABCB1 levels were determined. Data demonstrate a large
variation in ABCB1 mRNA levels from <1% to 78% with a median level of 9.6% (Figure 6.18). Patients
were divided in half about the median and early molecular response at three months assessed (<10%
Ber-Abl). However, because nilotinib has a far greater potency compared with imatinib, the majority of

patients achieved this landmark reduction in Ber-Abl levels by three months making this time frame
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Figure 6.17: Nilotinib resistant K562-Dox cells exhibit differing levels of cellular proteins when
compared with control cells

Expression levels of a) MAP3K5 b) cdc25C and ¢) Chk2 proteins were assessed in K562-Dox control
and resistant cells. Data demonstrate that resistant cells exhibit decreased levels of MAP3K5 and
cdc25C, but no significant change in Chk2. Western blot analyses shown are representative of at least
three separate experiments with the corresponding quantitation representing the mean. Protein levels
were normalised to B-actin control. Statistical analyses were performed using Student’s t-test with
statistically significant p-values denoted by asterisks (* p<0.05). Error bars represent SEM.

NIL=nilotinib.
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Figure 6.18: De novo CML patients exhibit diverse levels of ABCB1 mRNA

ABCB1 mRNA levels were assessed in the peripheral blood of 83 de novo CML patients prior to
commencement of nilotinib therapy. Data demonstrate a wide variation in expression. Patients were
divided in half about the median based on ABCB1 expression. mRNA expression was determined as a
percentage of BCR and represents the mean of three independent experiments performed in triplicate.
VBL100 (ABCB1 over expressing) cells were used as a control for reproducibility in all assays.
Experiments in which control results were inconsistent were repeated and the results were not included

in the analysis.
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unsatisfactory for predicting long term response. Unfortunately, 12 month data is not yet available on a
large enough cohort of patients for any conclusions to be drawn regarding long term response. As an
alternative, patients were assessed for ability to achieve a major molecular response (MMR) of <1%
Ber-Abl at three months.  However, results demonstrated no correlation between ABCB1
overexpression and achievement of MMR at three months: 64.3% of patients with low ABCB1
expression achieved MMR compared with 85.4% of patients with high ABCB1 expression. Although
again, 3 months may be too short a time frame for meaningful predictions of long term response to be

drawn.

6.4. Discussion

TKls such as imatinib, and more recently nilotinib and dasatinib, have resulted in significantly better
treatment outcomes for the majority of patients with CML. However, a substantial group remains (up to
35%) that develops secondary resistance; most commonly due to kinase domain (KD) mutations'02.103,
Furthermore, there are some patients who relapse following a successful imatinib treatment phase with
an absence of KD mutations. These patients are also at risk of failing to respond to treatment with
either of the second generation TKIs and usually relapse a second time, again without detectable KD
mutations'71.285,  Additionally, a group of frankly resistant, relapsed patients exist who still have
adequate inhibition of Ber-Abl activity'0, although this study utilised a small cohort of patients
undergoing imatinib treatment and there have been no confirmatory results in the ensuing years.
However, the long term treatment outcomes of nilotinib are yet to be defined and Bcr-Abl independent
resistance may be applicable here. Accordingly, a greater understanding of the kinetics of resistance
development, especially in the Ber-Abl independent setting, is required. For this reason, two nilotinib
resistant K562-Dox cell lines were generated so that resistance emergence could be observed in the

presence of ABCB1 overexpression.
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6.4.1. ABCB1 Overexpression is the Initiator of Resistance to Nilotinib In Vitro

ABCB1 overexpression was established as an important initiator of nilotinib resistance in K562 cells
(Chapter 5). Importantly, further overexpression of ABCB1 was also observed in K562-Dox cells with
expression levels directly correlating with ICSONL, Interestingly, continued culture in increasing
concentrations of nilotinib resulted in a loss of ABCB1 expression back to parental K562 levels as
additional resistance mechanisms emerged. It is likely that ABCB1 overexpression caused increased
export of nilotinib leading to lower intracellular nilotinib concentrations. This then resulted in suboptimal
Ber-Abl inhibition which presumably created a favourable environment for development of other

resistance mechanisms (Figure 6.19).

Our laboratory has previously demonstrated a correlation between high levels of ABCB1 mRNA at
diagnosis and subsequent development of KD mutations in patients receiving imatinib therapy2%3. We
have also demonstrated a significant reduction in IC50N in CML patient mononuclear cells incubated in
the presence of the ABCB1 inhibitor pantoprazole compared with those incubated in the absence of
pantoprazole2*. These results were supported by clinical in vivo data?%: retrospective analyses were
performed in newly diagnosed, chronic phase CML patients receiving up front nilotinib as well as those
patients with imatinib resistant disease being treated with nilotinib as a second line therapy. Molecular
and cytogenetic responses were assessed in patients receiving concomitant pantoprazole (or another
similar proton pump inhibitor, PPI) compared with those patients who did not receive any co-medication.
Results demonstrated that concurrent use of PPIs had no adverse effect on nilotinib efficacy; in fact, a
modest increase in molecular and cytogenetic responses was observed. Accordingly, ABCB1 mRNA
levels were assessed in 83 de novo CML patients receiving up front nilotinib therapy. Results
demonstrated large variation in ABCB1 expression which will later be correlated with response at 12
months once this data becomes available. Dependent on these data, patients exhibiting high levels of

ABCB1 at diagnosis may benefit from combination ABCB1 inhibitor:TKI therapy.
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Intracellular concentration
of nilotinib decreases

l

Figure 6.19: Schematic summary of resistance generation in cell lines

ABCB1 overexpression is the initiating event facilitating nilotinib resistance in vitro. This was observed
in resistant K562, as well as K562-Dox cell lines, and was thus not dependent on ABCB1 expression
status at the start of resistance generation. ABCB1-mediated nilotinib efflux presumably occurred
resulting in a decreased level of intracellular nilotinib. This then resulted in inferior Ber-Abl inhibition
leading to a cellular environment that promoted further mutations/aberrant activation of proteins
ultimately resulting in the Ber-Abl dependent (K562 cells) and Ber-Abl independent (K562-Dox cells)

resistance observed.
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ABCG2 mRNA overexpression was also observed in early resistance intermediates from K562-Dox NIL
#2 cells. However, this failed to translate to an overexpression in ABCG2 protein and thus data
described here does not support a role for ABCG2 in development of nilotinib resistance. As discussed
in the previous chapter, this is most likely due to the level of redundancy that exists between closely
related transporters, such as those from the ABC superfamily. It is likely the presence of nilotinib
directly impacts levels of ABCB1 mRNA, which in turn impact ABCG2 mRNA levels independently of

nilotinib, as was demonstrated in ABCB1 knockout mice?284.

Importantly, whereas ABCB1 mRNA overexpression occurred consistently and incrementally with
increasing nilotinib concentration in all resistant cell lines generated, ABCG2 overexpression did not.
Similarly, levels of ABCC1 mRNA were also inconsistent, both within and between cell lines. Thus,
even though the difference in levels of ABCC1 mRNA in resistant versus control cells may have reached
significance in the late stage K562-Dox resistance intermediates, it is unlikely this transporter plays a

role in nilotinib resistance.

6.4.2. ABCB1 Overexpression Precedes Bcr-Abl Independent Resistance in K562-Dox Cells
Following ABCB1 overexpression in nilotinib resistant K562-Dox cells, a Bcr-Abl independent
mechanism of resistance predominated, which, to date, remains undetermined. Interestingly, K562-Dox

2 UM NIL #1 cells lost ABCB1 expression at an earlier time point (125 nM) than K562-Dox 2 uM NIL #2

cells (1 uM). As mentioned previously, IC50 correlated with ABCB1 expression: low ABCB1 expression,
low IC50; high ABCB1 expression, high IC50. However, once cultured in 2 uM nilotinib, both K562-Dox

2 UM NIL #1 and K562-Dox 2 uM NIL #2 cells had negligible levels of ABCB1 mRNA and protein.

IC50NL, |C50M™ and IC50PAS were all significantly decreased yet both resistant cells lines demonstrated
significantly increased survival in the presence of all three TKIs when compared with control cells.

K562-Dox cells have been stably expressing ABCB1 for over a decade and this is the first report of
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complete loss of ABCB1 expression back to levels observed in parental K562 cells. Importantly, loss of
expression was accompanied by loss of function as demonstrated by inability to efflux the ABCB1

substrate rhodamine-123.

Intriguingly, investigation of other common modes of TKI resistance failed to determine the cause of
resistance in these cell line models (Table 6.4). There was no overexpression of Lyn or Axl mRNA in

any of the resistance intermediates from either K562-Dox 2 uM NIL #1 or K562-Dox 2 UM NIL #2 cells.

There was also no overexpression of Lyn, Axl or Syk proteins nor increased phosphorylation of these
proteins in 2 uM nilotinib resistant cells. Total tyrosine phosphorylation was reduced, as was
phosphorylation of Akt, Erk and Stat5, which are all important effector molecules in pathways governing
cell proliferation and survival2®, |C50 data demonstrated that Bcr-Abl kinase activity was sufficiently
inhibited in resistant cells and this was confirmed by flow cytometry specific for p-Crkl. It is important to
note that the growth rates of the resistant cells did not differ from that of the control cells thus excluding
decreased growth as a potential explanation for the decreased cytotoxicity observed in spite of Ber-Abl
inhibition. Taken together, these data suggest a Bcr-Abl independent mode of resistance and thus
these cell lines may offer an in vitro model for those frankly resistant, relapsed patients who maintain

sufficient Ber-Abl inhibition108,

6.4.3. Crkl Phosphorylation Status Provides an Adequate Surrogate for Ber-Abl Activity

Due to the unstable nature of Ber-Abl upon disruption of patient cells?®0, a surrogate marker of Ber-Abl
kinase activity was required. Crkl is the major tyrosine-phosphorylated protein in neutrophils from
patients with CML but is unphosphorylated in Ber-Abl negative cells?% and thus p-Crkl is considered the
most specific readout of Ber-Abl activity. Importantly, we210.297 and others2%829 have demonstrated
that the degree of Crkl phosphorylation is strongly predictive of molecular response in patients treated

with imatinib. Conversely, it has recently been suggested that p-Crkl may not accurately represent Bcr-
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Table 6.4: Summary of resistance mechanisms in K562-Dox NIL #1 and K562-Dox NIL #2 cells

K562-Dox 125 nM NIL #1 | K562-Dox 2 yM NIL#1 | K562-Dox 125 nM NIL #2 | K562-Dox 2 uM NIL #2
Resistance by cytotoxicity to all TKIs v v v v
(Ca0M Ll L 111 Ll
(Ce0M L Ll o Ll
(CB02%s L Ll i L
ABCB1 protein overexpression X X v X
ABCG?2 protein overexpression X X X X
Increased Bcer-Abl protein ND X ND X
Increased Lyn protein ND X ND X
Increased p-Lyn ND X ND X
Increased Axl protein ND X ND X
Increased p-Axl ND X ND X
Increased Syk protein ND No expression ND No expression
Increased p-Syk ND No phosphorylation ND No phosphorylation
Increased total tyrosine phosphorylation ND X ND X
Increased PDGFR- protein ND v ND v
Decreased MAP3KS5 protein ND v ND v

v =yes; X=no; T=increase; | =decrease; «<»=no change; ND=not determined.
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Abl kinase activity. In vitro experiments with dasatinib, employing a rigorous washing technique in
which residual TKI was washed out, demonstrated p-Crkl levels did not correlate with presence or
absence of TKI, although this may be cell type specific?®. However, for the purposes detailed in this
current study, in which CML cells are continuously exposed to nilotinib, results clearly demonstrate
levels of p-Ber-Abl (Y245) mimic those of p-Crkl thus confirming p-Crkl as an accurate and sensitive

surrogate for Ber-Abl kinase activity.

6.4.4. Activation of Signalling Pathways Governing Growth and Survival May Occur Via
PDGFR- Circumventing Ber-Abl
Determination of p-Bcr-Abl levels in K562-Dox 2 uM resistant cells demonstrated near complete
inhibition in the presence of nilotinib which was reversible upon drug washout. Thus, TKI-mediated
inhibition is taking place yet the cells remain resistant indicating a Ber-Abl independent mechanism of
resistance. In order to ascertain a contributing signalling pathway, global protein arrays assessing
levels of cellular kinases and cancer signalling proteins in resistant versus control cells were conducted.
Results indicated a potential role for PDGFR-B, MAP3K5 and the DNA damage checkpoint proteins

cdc25C and Chk2.

Western validation confirmed array results for MAP3KS in both K562-Dox 2 uM NIL #1 and K562-Dox 2

UM NIL #2 cells. Western results also validated array results for cdc25C and Chk2 in K562-Dox 2 uM

NIL #2 cells but were not as convincing for cdc25C and Chk2 in K562-Dox 2 yM NIL #1 cells (Table

6.5). This is most likely due to the stage of the cell cycle at which the cells were sampled for array

processing (K562-Dox 2 uM NIL #1 cells were growing at a higher concentration than that of K562-Dox

2 UM NIL #2 cells). cdc25C is constitutively phosphorylated during interphase and thus the antibody on
the array would not have recognised a modified protein. Therefore, if cells were no longer in the

exponential growth phase, feasibly this may have affected the levels of cdc25C observed. However,
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Table 6.5: Comparison of protein levels in resistant K562-Dox cells versus control cells as

determined by protein array and western blot

Cell Line Protein Array Western

K562-Dox 2 uM NIL #1 PDGFR-B 0 N/A
MAP3K5 i} !
cdc25C i !

Chk2 1 PN

K562-Dox 2 uM NIL #2 PDGFR-B 1 N/A
MAP3K5 ! !
cdc25C ! !
Chk2 1 1

T=increase; | =decrease; «»=no change; N/A=western unable to be optimised.
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upon validation by western, which was repeated five times, cells were sampled and lysed during the

growth phase giving a more realistic depiction of cdc25C levels in resistant cells.

Collectively, the array results, in conjunction with western validation, indicate that DNA damage has
occurred in resistant cells resulting in up regulation of Chk2 and a corresponding down regulation of
cdc25C. This DNA damage may be related to an activating mutation of PDGFR-B causing aberrant
activation of the PI13-K/Akt pathway in the absence of Bcr-Abl signalling ultimately leading to increased
proliferation and reduced apoptosis (Figure 6.20). Activating mutations of PDGFR-a have previously
been reported in the pathology of gastrointestinal tumours (GIST)3%, however, activating mutations in
PDGFR- are yet to be described in myeloproliferative disorders such as CML. Alternatively, it has also
been demonstrated that binding of PDGFR-B, for example, with abnormal binding partners can cause
constitutive activation and aberrant overexpression of the receptor®0t. While fusions of different genes
with PDGFR-a have already been reported in atypical CML302 and other diseases®033%4, the abnormal
overexpression and/or activation of PDGFR- described here could provide a novel mode of Ber-Abl
independent resistance in CML in response to nilotinib; a line of investigation we intend to pursue in the
future. Further to this, PDGFR-B has been demonstrated to interact with other downstream effector
molecules in signalling pathways governing cellular proliferation. PDGFR-B is capable of directly
activating proteins downstream of Erk3% which may explain why no increased phosphorylation of Erk

was observed in these cell lines.

Additionally, the reduced levels of MAP3K5 observed, which under normal conditions is activated in
response to external stress3%, may also be involved in the reduced apoptosis and increased survival
exhibited by resistant cells. MAP3KS5 has previously been demonstrated to play a role in the inactivation
of members of the Bcl-2 family of proteins resulting in apoptosis (Figure 6.21). However, in vitro

experimentation demonstrated that a dominant-negative form of MAP3K5 was unable to correctly
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Figure 6.20: Schematic representation of the interplay existing between resistance mechanisms
in K562-Dox cells

Abnormal expression and/or activity of PDGFR-B in nilotinib resistant K562-Dox cells may cause
aberrant growth and survival. Activating mutations of PDGFR-a, which is closely related to PDGFR-,
have previously been implicated in disease phenotypes®®. Additionally, binding of PDGFR-B to
abnormal binding partners has been demonstrated to cause constitutive activation of the receptor
leading to deregulation of downstream signalling pathways®!. This, coupled with decreased levels of
MAP3KS5 leading to reduced apoptosis, may be responsible for the uncontrolled growth and survival
exhibited by resistant K562-Dox 2 UM cells in the presence of adequate Bcr-Abl inhibition. Adapter
proteins are depicted in PURPLE, transcription factors in BLUE, kinases in GREEN and apoptosis

related proteins in RED.
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\% P

Figure 6.21 Schematic representation of the role of MAP3KS5 in the regulation of apoptosis

Bcl-2 family members such as Bcl-2 and Bcl-X. are involved in regulation of apoptosis. Phosphorylation
of the anti-apoptotic Bcl-2 protein causes its inactivation, resulting in apoptosis. MAP3K5 has been
demonstrated to promote Bcl-2 phosphorylation (upper diagram), however, dominant-negative versions
of the kinase result in decreased apoptosis in vitro07 (lower figure). Presumably, decreased levels of

MAP3KS5, as apparent in K562-Dox 2 uM NIL #1 and K562-Dox 2 yM NIL #2 cells, would have the same

effect, offering a potential explanation for the reduced apoptosis observed in these cell lines.
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phosphorylate Bcl-2 leading to reduced apoptosis3?’. Thus, it is likely that the decreased levels of

MAP3KS5 present in K562-Dox 2 uM NIL #1 and K562-Dox 2 uM NIL #2 cells are responsible, in part, for

the reduced apoptosis observed in the presence of nilotinib (Figure 6.20). Supporting this notion, array

results demonstrated reduced phosphorylation of Bcl-2 in both K562-Dox 2 uM NIL #1 and K562-Dox 2

UM NIL #2 cells: decreases of 19% (-0.19 fold change) and 23% (-0.23 fold change) were observed

respectively (Appendix 4D).

In conclusion, the findings detailed in this chapter strongly suggest that ABCB1 overexpression provides
the initial platform required for additional Ber-Abl dependent and independent mechanisms of resistance
to occur. The results described here demonstrate that ABCB1 overexpression not only provides a
favourable intracellular environment for the manifestation of other mutations/aberrant protein activation
but that it is also directly responsible for nilotinib resistance. Subsequently, different modes of

resistance occurred in different cell lines. In K562 2 yM NIL resistant cells increased activation of Lyn

and Axl was observed, whereas in K562-Dox 2 uM NIL resistant cells Ber-Abl independent resistance
predominated. Thus, patients in whom ABCB1 expression is initially high may be predisposed to
developing Bcr-Abl independent resistance while others may develop alternative forms of resistance.
Overall, the in vitro models of resistance described present a valuable tool for studying resistance in

patients.
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Chapter 7

ABCCE6 is Involved in Nilotinib Transport and
Resistance Development
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7.1.  Introduction

Through thorough investigation, ABCB1 and ABCG2 have been implicated in the efflux of tyrosine
kinase inhibitors (TKIs) from Chronic Myeloid Leukaemia (CML) cells!5.140.146,  However, the
relationship between TKIls and other closely related transporters, such as those belonging to the

Multidrug Resistance Protein (MRP) subfamily, has not been as widely studied.

The MRP family consists of nine transporters (MRP1-9) that have been implicated in the efflux of
chemotherapeutic compounds from cancer cells. MRPs are capable of extruding a wide variety of
substrates from cells3%, MRPs are expressed in different tissues and can be divided into two groups
depending on the number of membrane spanning regions (Table 7.1). ABCC6 (MRP6) is a 160 kDa
protein that was first identified in human tissues and cancer cell lines®%. ABCCG is primarily expressed
in the liver and kidney303-311 and has previously been shown to confer resistance to a number of anti-
cancer agents such as etoposide, doxorubicin and daunorubicin3'2.  Additionally, ABCC6 bears striking
sequence homology to ABCC1309, ABCC6 consists of seventeen transmembrane domains and two
ATP-binding domains which hydrolyse ATP in order to transport substrates, usually lipophilic molecules

of negative charge22'312 (Figure 7.1).

As detailed previously (Chapter 4), IC50NLL experiments were performed in four cell lines with different
expression levels of ABCB1 and ABCG2, in the absence and presence of pantoprazole, a dual
ABCB1/ABCG2 inhibitor. However, results demonstrated a significant reduction in ICS0NL in the
presence of pantoprazole in all cell lines regardless of ABCB1 or ABCG2 expression status (Table 7.2).
These data suggest that there may be other ABC efflux transporter/s expressed in all four cell lines, also

involved in nilotinib transport.

Members of the ABC family of transporters have overlapping substrate specificities due to the high
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Table 7.1: Summary of properties of transporters from the MRP family (modified from Chen et

al3n
MRP Allflzrrr;aete (')\lfu,\TSb;; Tissue Expression Resistance Profile*
MRP1 | ABCCH 3 ubiquitous anthracyclines, camptothecins, MTX,
g etoposide, irinotecan
MRP2 | ABCC2 | 3 liver, kidney, intestine | 2nthracyclines, camptothecins, MTX,
’ ’ etoposide, cisplatin, irinotecan
small intestine, pancreas,
MRP3 | ABCC3 3 colon, kidneys, placenta, MTX, tenoposide, etoposide
adrenal gland
prostate, testis, ovary,
MRP4 | ABCC4 2 lung, hepatocytes, MTX, irinotecan, topotecan, AZT
intestine, pancreas
MRP5 | ABCCS 9 all maior fissues MTX, cisplatin, AZT, daunorubicin,
) doxorubicin, gemcitabine, Ara-C
: : doxorubicin, daunorubicin, etoposide,
HRAE ] AR 3 BT (07 teniposide, cisplatin, actinomycin-D
MRP7 | ABCC10 3 most tissues paclitaxel, docetaxel, vincristine,
vinblastine, Ara-C, gemcitabine
MRP8 | ABCC11 2 testis, breasts MTX, Ara-C
MRPY | ABCC12 | 2 testis, breasts, ovary, unknown

* selected anticancer drugs

brain, skeletal muscles

MSR=Membrane Spanning Region; MTX=methotrexate; AZT=azathioprine; Ara-C=arabinofuranosyl

cytidine
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Figure 7.1: Structure of ABCC6

a) Schematic representation showing the protein’s seventeen transmembrane domains and two ATP-
binding sites?23, b) A two dimensional model of ABCC6 based on structure of ABCC1 showing the 1503
amino acid sequence (PURPLE). The ATP binding domains are also indicated (EROWN), modified

from Fulop et al.3'4,
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Table 7.2: The effect of pantoprazole on IC50NL in cell lines

Cell Line ABCB1 ABCG2 % decrease p-value

K562-Dox
Control v -
+200 uM PP v - 57% p=0.010
K562-ABCG2
Control -
+200 uM PP - v 54% p=0.011
KU812
Control - -
+250 uM PP - - 69% p=0.004
K562
Control - -

+200 uM PP - - 44% p=0.001

Statistical analyses were performed using Student’s t-test; PP=pantoprazole.
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degree of homology observed both within and between the seven subgroups (ABCA-ABCG)3'5.
Additionally, many inhibitors of ABC transport also have overlapping specificities which makes it difficult
to determine which transporter a given inhibitor is acting on (Table 7.3). For this reason, a panel of
inhibitors was utilised to ascertain the involvement of various ABC transporters in the transport of
nilotinib; an approach that has been successfully employed previously to eliminate those transporter
unlikely to interact with imatinib™7. Proton pump inhibitors (PPIs) such as pantoprazole, esomeprazole
and omeprazole, are frequently prescribed to CML patients to alleviate gastric side effects experienced
as a results of TKI therapy or as ongoing therapy. The effect of concomitant administration of PPIs in
patients receiving nilotinib therapy has been investigated with no adverse effect on TKI efficacy
described; in fact a modest, yet statistically insignificant improvement in major molecular response
(MMR) was observed?®, Indeed, we have demonstrated in vitro that PPIs significantly increase the

intracellular concentration of nilotinib in both cell lines and primary patient cells24.

PPIs can be divided into two groups based on structure although all contain the timoprazole backbone.
Omeprazole, esomeprazole and pantoprazole belong to the same group containing benzimidazole
moieties (Figure 7.2). Omeprazole was the first drug of this class, however, considerable inter-patient
variability led to development of the S-isomer, esomeprazole. Esomeprazole is a mirror image of
omeprazole and both have been implicated in the inhibition of ABCC6-mediated efflux of cisplatin in
vitro and in vivo'97:312316, Pantoprazole shares considerable structural similarities with esomeprazole
but addition of a difluoromethyl moiety resulted in increased half-life and greater solution stability3'7.
Esomeprazole and pantoprazole are often cited as a dual ABCB1/ABCG2 inhibitors'97.198.318 and thus,
while not studied directly, it is possible that pantoprazole is also capable of ABCC6 inhibition. Indeed,
two separate in vitro studies investigating the interaction of PPIs with ABCB1 and ABCG2 confirmed the

likelihood of pantoprazole inhibiting other transporters in addition to ABCB1 and ABCG2198.319,
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Table 7.3: Summary of inhibitors used in this study and the corresponding cellular transporters

upon which they are active

Transporter Inhibitor
PSC-833 Verapamil
Reference | [Inhibitor] .% . Reference | [Inhibitor] | % Inhibition
Inhibition
Oct-1 [213]213 50 uM | 69-100%
[320]0 | 100 yM 80%
321 10 uM 759 [243]»# | 100 uM 512&
ABCB1 32202 | 41uM | 1000 | [282F% | 100WM o 70%
[323] 5 UM 67% [323]s23 20 uM 30%
[324]¢ | 234 uM 50%
ABCB4 [323]s23 5 uM 62% [323]s23 20 uM 42%
ABCC1 [325]s25 27 uM 50% [326]s26 8 uM 36%
ABCC2
ABCC3 [327]2 | 111 uM 13.1%
0 [328]s28 30 uM 46%
ABCC4 [328]z28 10 uM 44% [320]ez 25 UM 399
ABCC5
ABCC6
ABCC11
[174]7 | 153 uM 90%
HEER [178]7s | 100 uM 21%

-249 -




Chapter Seven — ABCCG is Involved in Nilotinib Transport and Resistance Development

Inhibitor
Pantoprazole Indomethacin Probenecid

Reference | [Inhibitor] Inhi:fi)tion Reference | [Inhibitor] InhiZ?tion Reference | [Inhibitor] InhiZ?tion
[197] | 290 uM 50%
[198]1e | 250 uM | ~75%

[330]3% 1mM 29%

[330]=0 | 10 uM 29% [331] 1mM 90%

[331]3 | 100 uM 25% [332]32 1mM 95%

[333]s 5mM 65%

[331]s 1mM 78%

331 | 100uM | 5% | 1334 | TmM o 25%

(3321 | 600uM | 50% | looadet | TmM o 90%

[335]33 1mM 90%

[336]3¢ | 260 uyM 60%

[327]2 | 333 uM 65%

[336]=6 | 260 uM 70%

[328]2¢ | 300 uyM 51%

[329] | 50 uM 26% [335]s35 1mM 80%

[335]=5 | 100 uM 95% [338]s 1mM 40%

[337]% | 50 uM 89% [339] | 100 uM 48%

[340]340 1mM 90%

[338]33 1mM >80%

[341]+ | 50 uM 68%
* 0

Hg%z }Z’?EMA ggoﬁ [331]= | 100pM | 83% | [331p* | 1mM | 30%

[342]+2 | 10 uM 36% [342]42 | 10 uM 24%
[144]4+ | 100 uM 55%
[199] | 100 uM 95%
[247+ | 250 uM 90%

Results from *omeprazole and *esomeprazole. Pantoprazole demonstrated similar results but data was

not shown.
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Figure 7.2: Structure of three common PPIs (modified from Jain et al.343)
The chemical structures of a) omeprazole, b) esomeprazole and c¢) pantoprazole are depicted. All PPIs contain the timoprazole backbone (BLACK);
esomeprazole is an analogue of omeprazole with both drugs containing the same terminal groups extending from the benzimidazole moieties (BLUE and

RED respectively). Pantoprazole differs slightly in that it contains a difluoromethyl group which increases its half-life and solution solubility (GREEN).
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Concomitant administration of inhibitors of ABC transporters have previously been demonstrated to
increase the efficacy of various cytotoxic agents in vitro and in vivo344345, While some Phase I studies
have demonstrated an association between increased toxicity and the combined usage of ABCB1
inhibitors with cancer therapy346:347, other reports confirm results observed in vitro; increased response
rates as well as overall survival have been observed in patients receiving conventional therapy
combined with adjunct ABC transporter inhibitors in the treatment of solid tumours348:349
myelodysplastic syndromes®% and leukaemia3!. Administration of TKIls with such inhibitors may also
present an attractive therapy option in order to enhance TKI efficacy in CML. Thus, this chapter aims to
assess the effect of concomitant administration of ABC inhibitors on in vitro intracellular concentrations

of TKls in patient mononuclear cells (MNCs).

7.2.  Approach

Previous studies have demonstrated that exposure of cells to xenobiotics results in an increase in
mRNA expression of relevant transporters'38216219,  Thus, in order to identify other candidate
transporters potentially involved in the transport of nilotinib, mMRNA expression levels in Ber-Abl positive
cell lines exposed to nilotinib were compared with those in cells incubated in the absence of nilotinib
(Figure 7.3). Commercially available Tagman Transporter Arrays (Applied Biosystems) containing
primer and probe sets specific for 84 human transporters as well as 12 controls were utilised (Section
2.4.6; Appendix 1D). Based on previous studies, K562 and KU812 cells were initially exposed to
varying concentrations of nilotinib (25 nM-500 nM) for time points ranging 1248 h in order to determine
the greatest length of time resulting in minimal cell death. Once these variables had been determined,
K562 cells were incubated with 75 nM nilotinib for 24 h and KU812 cells were incubated with 100 nM
nilotinib for 12 h. Additionally, K562 cells that had been growing long term in 300 nM and 2 uM nilotinib,
as part of the resistance development detailed in Chapter 5, were also assessed for alterations in

transporter expression compared with control cells. This allowed identification of ‘transporters of
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Figure 7.3: Schematic summary of approach used to ascertain relevant nilotinib transporters
Cells were cultured in the absence or presence of nilotinib and transporter mMRNA expression determined. Relevance to nilotinib transport was confirmed in
K562 and K562-Dox resistance intermediates. The effect of ABCC6 inhibition on nilotinib-, imatinib- and dasatinib-mediated Bcr-Abl kinase inhibition was

then assessed in de novo CML patient MNCs. The effect of ABCCG inhibition on IC50NLL was also determined in K562 2 uM NIL resistant cells. NIL=nilotinib.
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interest’ demonstrating overexpression in all four instances. Resistance intermediates for K562 and
K562-Dox nilotinib resistant cells were then interrogated for changes in mRNA expression of these
transporters of interest by RQ-PCR (Section 2.4.5). The number of PCR cycles required for
amplification of product above threshold indicated extremely low expression levels for the majority of the
transporters of interest thus making it unlikely these transporters were involved in nilotinib transport or
resistance development. However, levels of ABCC6 mRNA increased proportionally with increasing
nilotinib concentration (and increasing nilotinib resistance) in K562 cells, making investigation of the

effect of inhibition of this transporter warranted in patient MNCs.

The involvement of ABCB1 in transport of, and resistance to, nilotinib has previously been discussed in
Chapters 4, 5 and 6. Thus, the effect of ABCB1 inhibition on intracellular concentrations of nilotinib in
MNCs isolated from peripheral blood samples of de novo CML patients was assessed by p-Crkl specific
IC50 (Section 2.4.2) prior to the onset of TKI therapy. Three ABCB1 inhibitors were selected for use:
PSC-833, verapamil and pantoprazole. PSC-833 was used at 10 uM as previous publications have
deemed this concentration sufficient to inhibit ABCB1321-323, Additionally, rhodamine-123 efflux assays
have demonstrated 10 yM PSC-833 completely inhibits ABCB1 function (Chapter 4). Verapamil was
used at 50 uM as this concentration is thought to be ABCB1 specific; higher concentrations (150 uM)
may inhibit ABCG2 as well'”4. 50 uM verapamil is also sufficient to inhibit ABCB1-mediated rhodamine-
123 efflux (Chapter 4). While 200 uM pantoprazole exceeds the reported Cmax3%2, this concentration
was chosen based on in vitro data'?’.1% as well as experimentation from our laboratory demonstrating
the degree of kinase inhibition in patient MNCs in the presence of 200 yM pantoprazole mimics that
observed in the presence of 10 uM pantoprazolez®4. Pantoprazole was favoured over other well studied
PPls, esomeprazole and omeprazole, as it has been demonstrated in vivo, that pantoprazole has a

greater half-life as well as greater stability at neutral pH333.
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The effect of ABCC6 inhibition on intracellular concentrations of nilotinib, imatinib and dasatinib in de
novo CML patient PBMNCs was assessed by p-Crkl specific IC50. In addition to pantoprazole, two
extra inhibitors of ABCC6 were selected for use: indomethacin and probenecid, which were used at 100
UM and 1 mM respectively, based on previously published in vitro studies (Table 7.3). Importantly,
neither inhibitor has been demonstrated to interact with ABCB1. Additionally, levels of ABCC6 mRNA
were determined in 83 de novo CML patients prior to initiation of nilotinib therapy (Section 2.4.5) such

that ABCC6 expression can be correlated with response once this data becomes available.

IC50 experiments were also conducted on K562 2 uM NIL resistant cells (Section 2.3.3.3) in the

absence and presence of the ABCC6 inhibitor indomethacin. These cells exhibit overexpression of
ABCB1 and ABCC6 mRNA. Thus, as pantoprazole inhibits both ABCB1 and ABCC6, this was not
deemed a specific inhibitor since inhibition of ABCB1 may have complicated results. Similarly,
probenecid exhibits less transporter specificity than indomethacin (Table 7.3) and was also omitted from

this line of in vitro testing.

7.3. Results

7.3.1. Exposure to Nilotinib Causes Alterations in mRNA Levels of Cellular Transporters
Previous studies have demonstrated that >8 h incubation with various cytotoxic agents results in mMRNA
up regulation of transporters known to be relevant for those drugs?'7.218, Thus, K562 and KU812 cells
were cultured for 12-48 h in the presence of increasing concentrations of nilotinib (0-500 nM) to
determine the optimum conditions at which minimal cell death occurred while in the presence of
sufficient nilotinib to induce changes in mRNA. Following incubation, cell death was determined by
Annexin V/7-AAD flow cytometry and confirmed by trypan blue staining. Results demonstrated minimal
K562 cell death occurred when cells were cultured with 75 nM of nilotinib for 24 h; similarly minimal

KU812 cell death occurred when cells were cultured with 100 nM nilotinib for 12 h (Appendix 5A).
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Accordingly, cells were cultured under these conditions, the mRNA expression of cellular transporters
assessed and compared with expression in cells incubated in the absence of nilotinib. The fold
changes in expression levels were calculated (Appendix 5B a-b) with those demonstrating greater

than 8-fold increase of transporters in the presence of nilotinib summarised in Table 7.4.

7.3.2. Cellular Transporter mRNA Expression is Different in Nilotinib Sensitive and
Resistant Cells
Once it was established that transient exposure to nilotinib induced changes in transporter mRNA
expression, it was next determined whether long term exposure resulted in similar alterations.
Consequently, nilotinib resistant K562 cells cultured long term in two different concentrations of nilotinib
(300 nM and 2 uM) were assessed for changes in mRNA expression when compared with control cells.
Again, the fold changes in mRNA expression were calculated (Appendix 5B c-d) and those
demonstrating a greater than 5-fold increase in transporter expression in the presence of nilotinib

determined (Table 7.5).

7.3.3. ABCC6 mRNA Increases During Development of Nilotinib Resistance In Vitro

Results from all four experiments were compared and transporters exhibiting consistent up regulation
were further examined in the intermediates generated during development of nilotinib resistance in
K562 cells (Chapter 5). Unfortunately expression levels for ABCA9, ABCC12, SLC10A1 and SLC28A3
were extremely low thus making it less likely that these transporters play a role in development of
nilotinib resistance (Appendix 5C). However, ABCC6 and Aquaporin 1 (AQP1) demonstrated
significant up regulation of mRNA upon development of nilotinib resistance. AQP1 mRNA levels

reached a maximum of 5.4-fold greater in K562 125 nM NIL cells when compared with control cells

(p<0.001; Figure 7.4a). The increase observed in ABCC6 mRNA levels was more marked with mRNA

expression levels reaching a maximum of 57-fold greater in K562 300 nM NIL cells compared with
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Table 7.4a: mRNA levels of cellular transporters in K562 cells cultured in the absence and

presence of 75 nM nilotinib demonstrating greater than 8-fold increase in expression

Transporter Gene 0 nM NIL (Ct) +75nM NIL (Ct) | Fold Change
ABCA1 37.2 34.3 8.7
ABCA9 36.9 32.8 20.7
ABCB5 36.9 33.0 17.9
ABCC11 37.3 34.4 8.5
ABCC12 40.0 37.0 9.1
ABCC6 40.0 36.9 9.7
AQP1 27.0 23.9 10.0
AQP7 371 33.9 10.3
SLC10A1 36.1 29.9 86.9
SLC10A2 40.0 37.0 9.4
SLC28A3 37.2 34.0 10.7
SLC5A1 40.0 37.0 9.3
SLCO1A2 30.9 28.0 8.7

Table 7.4b: mRNA levels of cellular transporters in KU812 cells cultured in the absence and

presence of 100 nM nilotinib demonstrating greater than 8-fold increase in expression

Transporter Gene OnMNIL (Ct) | +100 nM NIL (Ct) | Fold Change
ABCA9 37.0 21.5 53879.0
ABCC12 37.2 33.2 17.8
ABCC6 40.0 37.0 9.5
AQP1 33.0 29.0 18.6
SLC28A3 37.0 33.0 18.6

Common transporters requiring further investigation are shown in BOLD.
NIL=nilotinib; Ct=cycle threshold (the number of cycles required for the fluorescent signal to exceed

background level).
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Table 7.5a: mRNA levels of cellular transporters in K562 cells cultured long term in the absence

and presence of 300 nM nilotinib demonstrating greater than 5-fold increase in expression

Transporter Gene Control (Ct) +300 nM NIL (Ct) | Fold Change
ABCA13 29.7 274 5.2
ABCA9 37.0 34.5 5.9
ABCB1 29.6 254 19.9
ABCC3 38.4 36.1 5.2
ABCC6 37.4 31.6 64.5
AQP1 30.8 26.9 16.2
SLC10A1 40.0 34.3 58.2
SLC16A3 30.7 27.3 11.2
SLC28A3 37.9 33.7 20.3
SLCO2B1 31.1 26.7 22.7

Table 7.5b: mRNA levels of cellular transporters in K562 cells cultured long term in the absence

and presence of 2 uM nilotinib demonstrating greater than 5-fold increase in expression

Transporter Gene Control (Ct) +2 UM NIL (Ct) | Fold Change
ABCC6 37.0 33.9 8.1
AQP1 30.0 27.0 79
SLC10A1 40.0 32.0 248.3
SLC16A3 33.0 29.0 16.0
SLC19A3 40.0 13.2 119997543.9
SLC22A8 37.0 7.7 621847739.5
SLCO2B1 29.0 26.0 8.3

Common transporters requiring further investigation are shown in BOLD.
NIL=nilotinib; Ct=cycle threshold (the number of cycles required for the fluorescent signal to exceed

background level).
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Figure 7.4: Onset of nilotinib resistance in K562 cells coincides with overexpression of AQP1
and ABCC6

Expression levels of a) AQP1 and b) ABCC6 were assessed in K562 nilotinib resistance intermediates.
Data demonstrate overexpression of both AQP1 and ABCCG6 at the onset of resistance in K562 125 nM
NIL cells. Levels remain high as the concentration of nilotinib increases. mRNA expression represents
the mean of six independent experiments performed in triplicate. Statistical analyses were performed
on mRNA levels as a percentage BCR using Student’s t-test. Statistically significant p-values are

denoted by asterisks (* p<0.05; ** p<0.01; *** p<0.001). Error bars represent SEM.
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control cells (p=0.002; Figure 7.4b). ABCC6 mRNA expression also increased in K562-Dox NIL #1 and

K562-Dox NIL #2 cells during development of nilotinib resistance. Levels peaked in K562-Dox 1 uM NIL

#1 and K562-Dox 1 uM NIL #2 cells, reaching 33- and 23-fold greater levels respectively than those in

control cells (p=0.002; Figure 7.5).

ABCC1, ABCC2 and ABCC4 are all inhibited by both indomethacin and probenecid and are expressed
at points of drug extrusion (liver, kidney). Thus, mRNA levels of these transporters were also assessed
in order to exclude them as potential candidates in the development of nilotinib resistance. Importantly,
there was no significant change in expression levels of ABCC1, ABCC2 or ABCC4 in any of the
resistance intermediates from K562 cells making them unlikely candidates in the transport of, or

development of resistance to, nilotinib (Figure 7.6).

7.34. ABCB1 Inhibition Does Not Significantly Affect Nilotinib-Mediated Kinase Inhibition
in Patient Mononuclear Cells
ABCB1 expression has been implicated in the transport of nilotinib (Chapter 4); additionally,
overexpression has been associated with development of nilotinib resistance in vitro (Chapters 5 and
6). Thus, the role of ABCB1 in nilotinib-mediated kinase inhibition was determined in patient MNCs.
IC50NL experiments were performed with the MNCs of de novo CML patients prior to the start of TKI
therapy in the absence and presence of three ABCB1 inhibitors: PSC-833, verapamil and pantoprazole.
It was expected that if ABCB1 is involved in nilotinib transport in patient MNCs, inhibition of this
transporter should increase concentrations of intracellular nilotinib resulting in a reduction in IC50NI
(Figure 7.7). However, a significant decrease in IC50NL was observed only in those cells incubated in
the presence of 200 uM pantoprazole: 41 nM versus 71 nM in control cells (p<0.001). The addition of
10 uM PSC-833 and 50 uM verapamil had no effect on IC50NLL; 76 nM and 80 nM respectively (p>0.05;

Figure 7.8) suggesting ABCB1 may not play a critical role in the efflux of nilotinib from patient MNCs.
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Figure 7.5: ABCC6 expression in K562-Dox cells increases with resistance

Expression levels of ABCC6 mRNA were assessed in a) K562-Dox NIL #1 and b) K562-Dox NIL #2

cells. Data demonstrate overexpression of ABCCG in both cell lines which reached a maximum in the 1
UM NIL intermediates. mRNA expression represents the mean of six independent experiments
performed in triplicate. Statistical analyses were performed on mRNA levels as a percentage of BCR
using Student’s t-test. Statistically significant p-values are denoted by asterisks (** p<0.01). Error bars

represent SEM. NIL=nilotinib.
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Figure 7.6: Neither ABCC1, ABCC2 nor ABCC4 levels increase during development of nilotinib
resistance in K562 cells

Expression levels of a) ABCC1, b) ABCC2 and c) ABCC4 mRNA were assessed in K562 nilotinib
resistance intermediates. Data demonstrate no increase in levels of ABCC1, ABCC2 or ABCC4
expression at any time during development of nilotinib resistance. mRNA expression represents the
mean of at least three independent experiments performed in triplicate. Statistical analyses were

performed on mRNA levels as a percentage of BCR using Student's t-test. Error bars represent SEM.
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In the absence of ABC inhibitors Median IC50NL

In the presence of ABC inhibitors Median IC50N: 28 nM

B 3 O

Nilotinib Ber-Abl P-Crkl ABC transporter  Inhibitor Cell

Figure 7.7: Schematic summary of p-Crkl specific IC50 experiments

TKIs enter the cell (in the case of nilotinib by passive transport) and bind to Bcr-Abl inhibiting its kinase
activity. This results in a reduction of downstream effector molecules such as p-Crkl allowing calculation
of an IC50 value. In the absence of ABC inhibitors (upper figure), nilotinib is exported from the cell by
efflux transporters. If nilotinib is transported by ABCB1 for example, in the presence of ABCB1
inhibitors such as PSC-833, verapamil and pantoprazole (lower figure) nilotinib is retained within the cell

to a greater degree resulting in increased kinase inhibition and reduced IC50.
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Figure 7.8: Inhibition of ABCB1 does not significantly decrease IC50NL in patient MNCs

IC50 was determined via incubating patient MNCs for 2 h at 37°C with increasing concentrations of

nilotinib in the absence and presence of three ABCB1 inhibitors: 10 uM PSC-833, 50 uM verapamil and

200 uM pantoprazole. Crkl western blot was performed to determine the concentration of nilotinib

required to inhibit Ber-Abl kinase activity by 50%. Data demonstrate that IC50NL is significantly reduced

in the presence of pantoprazole but no effect is observed in the presence of PSC-833 or verapamil.

The western blot analyses shown depict one patient and are representative of typical results. The

corresponding box plots depict the median, the upper 25t and the lower 75" percentiles while the

whiskers encompass the 10t and 90t percentiles. Statistical analyses were performed using Student’s t-

test with statistically significant p-values denoted by asterisks (*** p<0.001). NIL=nilotinib.
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7.3.5. ABCC6 Inhibition Significantly Increases Nilotinib-Mediated Kinase Inhibition in
Patient Mononuclear Cells

Because pantoprazole has inhibitory activity against other ABC transporters (Table 7.3), IC50NL

experiments were repeated in the presence of two additional ABCC6 inhibitors: indomethacin and

probenecid. Results demonstrated a significant reduction in ICS0NL in the presence of both

indomethacin and probenecid (IC50NL in the absence of inhibitor=71 nM; +100 yM indomethacin=38

nM; +1 mM probenecid=28 nM; p<0.001; Figure 7.9). These results indicate it is likely ABCC6 plays a

role in the transport of nilotinib.

7.3.6. ABCC6 Inhibition Has No Significant Effect on Imatinib-Mediated Kinase Inhibition in
Patient Mononuclear Cells
Once the interaction between nilotinib and ABCC6 had been established, we sought to determine
whether a similar interaction occurred between ABCC6 and the two other TKIs currently approved for
treatment of CML: imatinib and dasatinib. IC50M experiments in the absence and presence of
pantoprazole, indomethacin and probenecid were conducted in a cohort of 23 de novo CML patients
prior to therapy. Data demonstrated no significant reduction in IC50M upon addition of any of the
ABCC® inhibitors (IC50M in the absence of inhibitor=0.96 uM; +200 uM pantoprazole=1 uM; +100 uM
indomethacin=1 uM; +1 mM probenecid=1.08 uM; p>0.05; Figure 7.10). Thus, it is unlikely ABCC6

plays a role in the transport of imatinib in patient MNCs.

7.3.7. ABCC6 Inhibition Significantly Increases Dasatinib-Mediated Kinase Inhibition in
Patient Mononuclear Cells

Similarly, the role of ABCC6 in the transport of dasatinib within CML patient MNCs was also

investigated. ~ Again, IC50PAS experiments were performed in the absence and presence of

pantoprazole, indomethacin and probenecid. Results demonstrated a significant decrease in IC50PAS in
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Figure 7.9: Inhibition of ABCC6 significantly reduces IC50NIL in patient MNCs

IC50 was determined via incubating patient MNCs for 2 h at 37°C with increasing concentrations of
nilotinib in the absence and presence of three ABCC6 inhibitors: 200 uM pantoprazole, 100 uM
indomethacin and 1 mM probenecid. Crkl western blot was performed to determine the concentration of
nilotinib required to inhibit Ber-Abl kinase activity by 50%. Data demonstrate that IC50NL is significantly
reduced in the presence of all three inhibitors. The western blot analyses shown depict one patient and
are representative of typical results. The corresponding box plots depict the median, the upper 25t and
the lower 75" percentiles while the whiskers encompass the 10 and 90t percentiles. Statistical
analyses were performed using Student’s t-test with statistically significant p-values denoted by asterisks (***

p<0.001). NIL=nilotinib.
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Figure 7.10: Inhibition of ABCC6 has no significant effect on IC50M in patient MNCs

IC50 was determined via incubating patient MNCs for 2 h at 37°C with increasing concentrations of
imatinib in the absence and presence of three ABCC6 inhibitors: 200 uM pantoprazole, 100 uM
indomethacin and 1 mM probenecid. Crkl western blot was performed to determine the concentration of
imatinib required to inhibit Ber-Abl kinase activity by 50%. Data demonstrate there is no significant
change in IC50M™ in the presence of any of the inhibitors. The western blot analyses shown depict one
patient and are representative of typical results. The corresponding box plots depict the median, the
upper 25 and the lower 75t percentiles while the whiskers encompass the 10t and 90t percentiles.

Statistical analyses were performed using Student's t-test. IM=imatinib.
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the presence of all three inhibitors (IC50PAS in the absence of inhibitor=4.3 nM; +200 uM
pantoprazole=3.2 nM, p=0.014; +100 uM indomethacin=2.5 nM, p<0.001; +1 mM probenecid=2.2 nM,
p<0.001; Figure 7.11). Thus, it is likely ABCC6 plays a role in the efflux of dasatinib from patient

MNCs.

7.3.8. ABCC6 Inhibition in K562 2 yM NIL Resistant Cells Reduces IC50NL and IC50PAS but
has No Effect on IC50M
In order to confirm whether ABCCG6 overexpression played a role in resistance to TKis in vitro, ICS0N!
IC50M and IC50PAS were evaluated in K562 2 uM NIL resistant cells in the absence and presence of
indomethacin. It is important to remember that this cell line harbours additional resistance mechanisms
which may also contribute to the increased IC50NL, |C50M and IC50PAS observed (Chapter 5).
Unfortunately, determination of IC50N was not possible due to incomplete inhibition of Ber-Abl kinase
activity at the highest nilotinib concentration (100 000 nM), although a decrease in IC50NL in the

presence of indomethacin was still observed in K562 2 uM NIL resistant cells (Figure 7.12a).

Importantly, data from IC50M and IC50PAS experiments, in which complete kinase inhibition was
apparent, supported results observed in patients MNCs. In the presence of 100 uM indomethacin, K562
2 UM NIL IC50PAS was decreased to levels comparable to those observed in control cells (K562
control=5.6 nM; K562 2 yM NIL=7.6 nM; K562 2 uM NIL +100 uM indomethacin=6.3 nM; Figure 7.12b).
This is presumably due to inhibition of Lyn kinase by dasatinib and ABCC6 inhibition by indomethacin.
Conversely, addition of indomethacin had no effect on IC50M in K562 2 uM NIL cells, however the
IC50M value was not decreased to levels observed in control cells most likely due to overexpression of
Lyn, against which imatinib has no activity. As expected, the addition of indomethacin had no effect on

IC50™ nor IC50PAS in K562 control cells (Figure 7.12c).
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Figure 7.11: Inhibition of ABCC6 significantly reduces IC50PAS in patient MNCs

IC50 was determined via incubating patient MNCs for 2 h at 37°C with increasing concentrations of
dasatinib in the absence and presence of three ABCC6 inhibitors: 200 uM pantoprazole, 100 uM
indomethacin and 1 mM probenecid. Crkl western blot was performed to determine the concentration of
dasatinib required to inhibit Ber-Abl kinase activity by 50%. Data demonstrate a significant decrease in
IC50PAS in the presence of all three inhibitors. The western blot analyses shown depict one patient and
are representative of typical results. The corresponding box plot depicts the median, the upper 25t and
the lower 75t percentiles while the whiskers encompass the 10t and 90t percentiles. Statistical

analyses were performed using Student’s t-test with statistically significant p-values denoted by asterisks

(p<0.05; *** p<0.001). DAS=dasatinib.
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Figure 7.12: ABCC6 inhibition reduces IC50PAS in K562 2 uM NIL cells
IC50 was determined via incubating cells for 2 h at 37°C in the presence of increasing concentrations of
a) nilotinib, b) imatinib and c) dasatinib in the absence and presence of the ABCC6 inhibitor,
indomethacin. Crkl western blot was performed to determine the concentration of TKI required for 50%
Ber-Abl kinase inhibition. Data demonstrate that K562 2 uM NIL cells have a significantly increased
IC50PAS which is negated upon ABCC6 inhibition. ICS0NL is unable to be determined and IC50M
remains unaffected by ABCC6 inhibition. These results support those observed in patient MNCs. The
western blot analyses shown are representative of at least three separate experiments with the
corresponding densitometry analysis representing the mean. Statistical analyses were performed using
Student’s t-test with statistically significant p-values denoted by asterisks (* p<0.05). Error bars
represent SEM. The arrows depict approximate nilotinib concentration required for achievement of

equal levels of Crkl and p-Crkl proteins. NIL=nilotinib; IM=imatinib; DAS=dasatinib; indo=indoemthacin.
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7.3.9. Newly Diagnosed CML Patients Exhibit a Range of ABCC6 mRNA Expression Levels

Inhibition of ABCC6 in patient MNCs suggested ABCC6-mediated transport of nilotinib and dasatinib.
Accordingly, ABCC6 mRNA levels were determined in 83 newly diagnosed CML patients receiving 300
mg upfront nilotinib twice daily to investigate whether a correlation exists between ABCC6 mRNA levels
at diagnosis and response to therapy. Peripheral blood samples were used to determine baseline
ABCC6 levels. Data demonstrated a large variation in ABCC6 mRNA levels from <1% to 40% with a
median level of 3.2% (Figure 7.13). Patients were divided in half about the median and early molecular
response at three months assessed (<10% Bcr-Abl). However, because nilotinib has a far greater
potency compared with imatinib, the majority of patients achieved this landmark reduction in Bcr-Abl
levels by three months thus making this time frame unsatisfactory for predicting long term response.
Unfortunately, 12 month data is not yet available on a large enough cohort of patients for any
conclusions to be drawn regarding long term major molecular response (MMR; <1% Bcr-Abl). However,
achievement of a MMR at three months was assessed when considering the existence of a correlation
between ABCB1 overexpression and ability to achieve MMR (Chapter 6). Hence, patient ABCC6
mRNA levels and short term response were examined to determine whether or not a correlation existed
between these factors. Results demonstrated a weak correlation that may become stronger at 12
months: 78.6% of patients with low ABCC6 expression achieved MMR compared with 70.7% of patients

with high ABCCG expression.

7.3.10. ABCC6 mRNA Expression, in Conjunction with ABCB1 mRNA Expression, May be
Used to Determine Response to Nilotinib Therapy

ABCB1 and ABCC6 have been demonstrated to work in concert during nilotinib resistance development

(Figure 7.14). Thus, the predictive value of ABCB1 and ABCC6 mRNA levels, when assessed in

combination, was determined in de novo CML patients. Patients were divided into four groups based on

transporter mRNA levels: no overexpression, ABCB1 overexpression, ABCC6 overexpression and
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Figure 7.13: De novo CML patients exhibit diverse levels of ABCC6 mRNA

ABCC6 mRNA levels were assessed in the peripheral blood of 83 de novo CML patients prior to
commencement of nilotinib therapy. Data demonstrate a wide variation in expression. Patients were
divided in half about the median based on ABCC6 expression. mRNA expression was determined as a
percentage of BCR and represents the mean of three independent experiments performed in triplicate.
HepG2 cells (ABCC6 overexpressing) were used as a control for reproducibility in all assays.
Experiments in which control results were inconsistent were repeated and the results were not included

in the analysis.
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Figure 7.14: ABCB1 and ABCC6 mRNA levels increase in concert during development of
nilotinib resistance in K562 cells

Expression levels of ABCB1 and ABCC6 mRNA were assessed in K562 resistance intermediates. Data
demonstrate a significant increase in both ABCB1 and ABCC6 expression when cells are cultured in
increasing concentrations of nilotinib. The mRNA expression represents the mean of six independent
experiments performed in triplicate. Statistical analyses were performed on mRNA levels as a
percentage of BCR using Student’s t-test. Statistically significant p-values are denoted by asterisks (*

p<0.05; ** p<0.01; *** p<0.001). Error bars represent SEM.
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double overexpression and correlated with molecular response to nilotinib at 3 months (Figure 7.15).
Results demonstrated that ABCC6 overexpression may be predictive of response to nilotinib therapy.
Of those patients exhibiting ABCC6 overexpression, 52.6% achieved a MMR at 3 months, compared
with 73.9% of patients exhibiting no overexpression or 85.0% of patients overexpressing ABCB1 only.
Preliminary analyses of molecular response at 12 months for a small cohort of 29 patients appear to be
even more predictive: 28.5% of patients exhibiting ABCC6 overexpression achieved a MMR compared
with 44.4% of patients exhibiting no overexpression or overexpressing ABCB1 only. However, analysis
of a much larger cohort is required in order to conclude whether a definitive correlation exists, and this

will be completed once 12 month data for the remaining patients become available.

7.4. Discussion

We3% and others'4.176 have previously implicated ABCB1 in the transport of nilotinib (Chapters 4, 5
and 6). For this reason, the effect of ABCB1 inhibition on IC50NL in newly diagnosed CML patients was
assessed using three known ABCB1 inhibitors: PSC-833, verapamil and pantoprazole. If nilotinib is
indeed transported by ABCB1 one would expect the IC50NL to decrease in the presence of ABCB1
inhibition. However, results were unexpected with only pantoprazole demonstrating a significant effect
on IC50NL, There are two possible explanations for this; firstly, nilotinib is not transported by ABCB1.
This seems unlikely given the large volume of in vitro data supporting ABCB1 transport. Alternatively,
ABCB1 is not a relevant transporter in patient MNCs. This seems more plausible given the low protein
expression levels our laboratory has observed in routine screening of de novo CML patients
(unpublished data). This then casts doubt on the relevance of ABCB1 as a TKI transporter in the newly
diagnosed setting. However, high expression of ABCB1 has been demonstrated in primitive
CD34+CD38- and CD34+CD38* CML cells3% as well as cells at the blood-brain barrier145.3%6, The ability
of CD34+ cells to effectively efflux the ABCB1 substrate rhodamine-123 has also been demonstrated®”.

Thus, ABCB1-mediated TKI efflux may predominantly occur in primitive subsets of cells and in cells at
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Figure 7.15: Schematic summary of ABCB1 and ABCC6 expression and corresponding patient
response

mRNA levels of ABCB1 and ABCC6 were determined and correlated with whether or not a patient
achieved <1% Bcr-Abl levels (Major Molecular Response, MMR) by 3 months. Patients were divided
about the median for each transporter and separated into groups based on expression levels. Patients
overexpressing , or are contained within the , and

regions of the graph, respectively. Data demonstrate that those patients overexpressing ABCC6 have
less chance of achieving a MMR by 3 months than those patients that do not overexpress either

transporter or overexpress ABCB1.
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blood-tissue barriers. ABCB1 overexpression may also be involved in progression of CML to more
advanced phases of disease as well as exclusion of TKls from sanctuary sites such as the CNS, brain
and testes3'8.357. Furthermore, results described in Chapter 4 comparing ICS0NL in K562 versus K562-
Dox cells confirmed the relevance of ABCB1 overexpression in nilotinib-mediated Ber-Abl inhibition.
Therefore, ABCB1 should not be discounted as a relevant TKI transporter and concomitant
administration of ABCB1 inhibitors may increase TKI concentrations in sanctuary sites where drug
penetration is of paramount importance for the treatment of residual disease, although this would
require in vivo testing. Future studies retrospectively assessing ABCB1 mRNA levels in patients who
develop mutations, undergo disease progression or fail to achieve MMR while receiving up front imatinib
will be conducted. ABCB1 mRNA and protein levels are also currently being assessed in newly
diagnosed patients receiving up front nilotinib both at diagnosis as well as subsequent time points post

therapy. These results will then be correlated with response once this data becomes available.

Previous studies have demonstrated that, upon exposure to certain xenobiotics, cells increase mRNA
expression of transporters known to interact with the substrate under investigation?38216-219, The mRNA
up regulation observed may be a direct result of exposure to the drug; alternatively, it could be the
results of indirect mechanisms. The decreased levels of protein available for drug binding due to
occupation of binding pockets by the xenobiotic under investigation may cause an increase in mRNA.
Preliminary in vitro experiments comparing transporter expression in control cells versus those
transiently exposed to nilotinib, revealed increased expression of various cellular transporters.
Additional experiments comparing the transporter mRNA levels in nilotinib-sensitive versus nilotinib-
resistant cell lines confirmed these results and highlighted several transporters of interest including

ABCC6 and AQP1.
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There are currently 13 known members of the Aquaporin family (AQP0-AQP12) and these proteins
function as homotetramers®%-360, AQPs are water channels capable of transporting glycerol, small
molecules and ions through the cell membrane30. Thus, it is unlikely AQP1 would have any direct
interaction with nilotinib which has a molecular weight of 529.52. Instead it is possible AQP1 acts as a
marker for nilotinib sensitivity, with levels increasing upon nilotinib exposure and resistance
development in vitro. Alternatively, AQP1 overexpression has previously been implicated in the
pathogenesis of solid tumours and may play a role in cell cycle regulation3é'.362 which could also affect

development of nilotinib resistance.

ABCC6 belongs to the MRP family of efflux proteins which has been implicated in multidrug
resistance3®, ABCCG is primarily expressed in the liver and kidney30%-311, both sites of drug extrusion,
and confers resistance to a number of anti-cancer agents3'2. Thus, ABCC6 presents a likely and novel
candidate to function as a TKI transporter. Accordingly, the role of ABCCG in the transport of three TKls

currently approved for treatment of CML, nilotinib, imatinib and dasatinib, was investigated.

The levels of ABCC6 mRNA were determined in three different cell lines conferring resistance to 2 yM
nilotinib with results demonstrating a correlation between expression and development of nilotinib
resistance in vitro. Additionally, ABCC6 mRNA levels remained at least 20- and 6-fold greater in K562 2

UM NIL and K562-Dox 2 uM NIL cells respectively compared with control cells, whereas ABCB1 mRNA

levels declined in both cell lines following continued nilotinib exposure (Figure 7.14 and Chapters 5 and
6). This provides good evidence for a central role of ABCCG6 in nilotinib resistance. Furthermore,
inhibition of ABCC6 in patient MNCs by three different inhibitors, pantoprazole, indomethacin and
probenecid, resulted in a significant decrease in IC50NL indicating ABCC6 likely functions as a
transporter of nilotinib. Subsequent investigation of the effect of ABCC6 inhibitors on IC50PAS and

IC50M revealed ABCCG is also a likely transporter of dasatinib but not imatinib. The use of a panel of
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inhibitors to confirm ABCC6 as a relevant TKI transporter was necessary, since many commonly used
inhibitors have over lapping specificities. However, as demonstrated in Table 7.6, ABCC6 is the only
transporter yielding consistent results.  Other transporters inhibited by both indomethacin and
probenecid (ABCC1 and ABCC4) are also inhibited by either PSC-833 or verapamil. Thus, one would
anticipate an effect on IC50 in the presence of the latter two inhibitors which did not occur. ABCC2 and
ABC11, which are also inhibited by both indomethacin and probenecid, are unlikely candidates of TKI
transport given that there are no reports of pantoprazole interacting with either transporter. Additionally,
no overexpression of ABCC2 was observed during nilotinib resistance development and ABCC11 is not

expressed in tissues relevant to TKI absorption and extrusion.

IC50 experiments in K562 2 uM NIL cells proved difficult due to the other resistant mechanisms present
in this cell line (Chapter 5). Calculation of IC50NL was not possible, due, most likely, to Lyn
overexpression. However, a clear difference in the concentration of nilotinib required for equal
percentages of Crkl and p-Crkl proteins was apparent in the absence and presence of indomethacin.
No change was observed in IC50M in the absence or presence of indomethacin which was as expected
since ABCC6 is not a candidate transporter of imatinib. Importantly, resistance to dasatinib was
negated in the presence of indomethacin since both ABCCG6 inhibition, and dasatinib-mediated Lyn
inhibition, was occurring. These data support results from cytotoxicity experiments detailed in Chapter
5. Briefly, K562 2 uM NIL cells incubated with increasing concentrations of nilotinib and imatinib for 72
h demonstrated significantly increased survival when compared with control cells. Presumably this was
due to no inhibition of either Lyn or ABCC6. However, when the same cells were incubated with
increasing concentrations of dasatinib, which has inhibitory activity against Lyn, significant resistance
was still observed; we propose this is most likely due to overexpression of ABCC6 through which
dasatinib is transported. Significance was lost at the upper end of the dasatinib concentration range.

This also supports ABCC6-mediated dasatinib transport since transporters such as these have a finite
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Table 7.6: Summary of transporters of interest and inhibitors which are active against them

Transporter

Inhibitor

Oct-1
ABCB1
ABCB4
ABCC1
ABCC2
ABCC3
ABCC4
ABCC5
ABCC6
ABCC11
ABCG2

PSC-833

X

X X X x S X x N\ N\ X

Verapamil

v

N x x x N x S

Pantoprazole

X

L X N X X X X X X
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transport capacity which would be overcome at high substrate concentrations (Chapter 4).

Finally, ABCCG is known to transport substrates anionic in nature363. |matinib predominantly exists in
vivo as a cation owing to the large degree of protonation at physiological pH. In contrast, nilotinib and
dasatinib exist as cations to a much lesser degree making nilotinib and dasatinib, but not imatinib, likely
candidates for transport by ABCC63¢4. Accordingly, expression levels of ABCC6 in de novo CML
patients at diagnosis may prove predictive of response to nilotinib therapy. ABCC6 mRNA levels were
assessed in 83 de novo CML patients receiving up front nilotinib therapy. Results demonstrated large
variation in ABCC6 expression; data comparing response at three months with ABCC6 expression
demonstrated a weak correlation which may become stronger once 12 month data becomes available
on a larger cohort of patients. Interestingly, when ABCC6 expression was assessed in conjunction with
ABCB1 expression, results demonstrated those patients overexpressing ABCC6 only were far less likely
to achieve MMR at 3 months when compared with those exhibiting no overexpression or ABCB1
overexpression. Preliminary analysis of a small cohort of patients suggests this prediction remains true
for patients at 12 months; although it will be necessary to repeat the analyses on a larger cohort of
patients once this data becomes available. Dependent on data at this later time point, patients
exhibiting high levels of ABCC6 only at diagnosis may benefit from combination ABCC6 inhibitor:TKI

therapy.

In conclusion, the findings detailed in this chapter strongly suggest that ABCCG6 functions as a novel
efflux transporter of nilotinib and dasatinib, but not imatinib in nilotinib resistant cell lines as well as
patient MNCs. Inhibition of ABCC6 significantly decreases IC50NL and IC50PAS in patient MNCs, most
likely due to an increase in intracellular TKI concentrations. Additionally, experiments performed in
nilotinib resistant cell lines confirm the likelihood of ABCC6-mediated nilotinib and dasatinib transport.

Taken together with results from Chapter 4, it appears that while ABCB1 may not play a key role in
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nilotinib transport in patient MNCs, in the context of overexpression, ABCB1 is likely to facilitate nilotinib
transport (Table 7.7). Furthermore, it may be possible to use ABCC6 and ABCB1 mRNA levels in
patients at diagnosis to predict response to TKI therapy. Subsequently, combination TKI:ABCC6

inhibitor therapy may offer an attractive option to enhance TKI efficacy.
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Table 7.7: Summary of change in IC50 in the presence of the specified inhibitor when compared with the absence of inhibitor

+10 uM +50 uM +200 uM +100 uM +1 mM

PSC-833 Verapamil Pantoprazole Indomethacin Probenecid
Patient MNC IC50NIL > — L Ll !
Patient MNC IC50M ND ND «— «— <«
Patient MNC IC50DAS ND ND ! Ll !
K562-Dox ICS0NIL ! ! ! ND ND
K562 IC50NIL > > ! > ND
K562 2 uM NIL IC50NIL ND ND ND ! ND
K562 IC50M ND ND ND > ND
K562 2 uM NIL IC50M ND ND ND «— ND
K562 IC50PAS ND ND ND <« ND
K562 2 uM NIL IC50DAS ND ND ND ! ND

<>=no change; | =decrease; ND=not determined. The number of arrows delineates significance with | <0.05, | | | <0.001.
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8.1.  Introduction

Nilotinib is a highly potent second generation tyrosine kinase inhibitor (TKI) approved for use in chronic
phase chronic myeloid leukaemia (CML) patients as both front line therapy as well as in chronic phase
and accelerated phase individuals who have failed imatinib therapy'0'. Nilotinib has demonstrated
superior patient response compared with imatinib, however, there still exists a group of patients who
demonstrate primary resistance or intolerance to nilotinib therapy and a second group who develop
secondary resistance following an initially successful treatment phase. Importantly, it may be possible
to identify patients at risk of developing secondary resistance and intervene proactively. Thus, it is
pertinent to investigate potential molecular predictors of response as well as methods by which TKI
efficacy can be enhanced. Accordingly, the research described in this thesis aimed to generate in vitro
models of nilotinib resistance such that a better understanding of in vivo resistance could be gained.
Additionally, nilotinib transport and the relationship between nilotinib efflux and ABC transporters were
examined. This resulted in identification of a previously undescribed transporter that may also be
involved in nilotinib transport and resistance. Results from this research will provide a greater
understanding of nilotinib transport, particularly with respect to ABC transporters. As we move into the
era of customised treatment regimes for all patients, it becomes important to predict which patients are
likely to respond to a given TKI such that treatment plans are tailored to the individual. The findings
presented here may assist in developing new therapeutic strategies using TKIs in combination with
other medications in order to enhance intracellular concentrations of TKI. Additionally, further insight
into the modes of resistance to nilotinib, as well as the kinetics of resistance mechanism emergence,

may assist in determining treatment options for CML patients.

8.2.  Major Findings

8.2.1. Co-Administration of Nilotinib does not Adversely Affect Imatinib OCT-1 Activity

Previous research from our laboratory has demonstrated that the addition of nilotinib to radiolabelled
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imatinib reduced the intracellular concentrations of imatinib, however, this reduction failed to reach
statistical significance'®. More recently it was proposed that the nilotinib-mediated reduction of
intracellular imatinib was due to inhibition of the main imatinib influx pump: OCT-1'87. This suggestion
could have significant implications for imatinib/nilotinib combination therapies as well as adversely
affecting the action of concomitantly administered medications transported by OCT-1, such as the
diabetes drug metformin213214 and ranitidine2'®> which inhibits the production of stomach acid. Thus, we
sought to assess the effect of nilotinib on imatinib OCT-1 activity as this measurement is the key
predictor of long term patient response®!. As discussed in Chapter 3, while nilotinib does decrease
what is most likely passive imatinib uptake, albeit insignificantly, no effect on OCT-1 activity was
observed. Nilotinib also has no significant effect on uptake of the model OCT-1 substrate
tetraethylammonium bromide. Therefore, nilotinib:imatinib combination therapy is still a viable option.
This is contrary to the argument proposed by Davies et al, whereby nilotinib inhibits OCT-1 function and,
when co-administered, may adversely affect the action of drugs transported by OCT-1'87. The data
presented in the current study are supported by recent case reports of patients who lost molecular
response after cessation of imatinib therapy due to intolerance. Subsequent treatment with sub-
therapeutic doses of imatinib and nilotinib in combination was well tolerated and resulted in rapid re-
obtainment of molecular response®5%38, The results described in this thesis, combined with other in
vitro modelling'1192 as well as the clinical observations from patients previously treated with TKis,
suggest that no adverse effect to patients will occur from the administration of nilotinib in combination
with imatinib. In fact, patients may perform better with respect to decreased intolerance and emergence
of kinase domain mutations when a cocktail of TKls is administered. Thus, the findings presented here
add to an increasing body of data suggesting clinical trials assessing upfront simultaneous

administration of lower dose TKI therapy in order to reduce intolerance are warranted.
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8.2.2. Nilotinib is Transported by ABCB1 but not ABCG2

The data described in Chapter 3 strongly suggested that nilotinib enters the cell in a passive manner
making it unlikely intracellular concentrations could be further improved by alteration of drug influx.
Since this data also suggested active export, efflux transporters formed one of the main focus’ of this
thesis. A better understanding of how nilotinib is transported from the leukaemic cell may allow
enhancement of drug retention via modulation of any drug transporters involved. Much conjecture
exists in the literature about the nilotinib:ABCB1 and nilotinib:ABCG2 relationships with some studies
concluding nilotinib is a substrate of these transporters, others suggesting nilotinib functions as an
inhibitor. Furthermore, the reported TKI:ABC transporter relationships vary with methodologies and TKI
concentrations used in individual studies. In order to overcome the discrepancies reported previously,
the current study utilised Ber-Abl kinase inhibition as the confirmatory readout for drug:transporter
interactions. This is the first study to do so and because this approach measures actual target inhibition
over a large concentration range, the relevant effects of TKI on Bcr-Abl kinase can be addressed
directly. The in vitro data in Bcr-Abl positive cell lines reported in Chapter 4 demonstrate that ABCB1,
but not ABCG2, is involved in nilotinib efflux. Furthermore, the experiments described here highlight the
importance of nilotinib concentration when assessing the interaction of TKls with transporters. At low
nanomolar concentrations, which more accurately reflect the clinical situation, intracellular nilotinib
levels support ABCB1-mediated nilotinib efflux. However, higher micromolar concentrations resulted in
the inhibition of both ABCB1 and ABCG2 function. The clear evidence of the concentration dependence
of ABCB1-mediated nilotinib efflux provided likely explains the lack of consensus on this question in
previous studies. From the clinical perspective, these findings suggest that nilotinib is likely to be
susceptible to resistance mediated by overexpression of ABCB1. This would be particularly evident at
points of drug extrusion (liver, kidney, intestine) and at the blood brain barrier where ABCB1 levels are
high. Since nilotinib enters cells passively along a concentration gradient and efflux occurs actively, the

net effect would be low intracellular nilotinib levels leading to inadequate Bcr-Abl inhibition. Thus, in
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order to effectively target residual leukaemic cells, which have previously been hypothesised to cause
TKI resistance and disease progression?03%7, patients may benefit from combined ABCB1 inhibitor:TKI
therapy; although careful consideration would have to be given when determining correct TKI dose to

prevent the occurrence of off target toxicity.

8.2.3. ABCB1 Acts as an Initiator of Nilotinib Resistance

In vitro models of nilotinib resistance were generated in Ber-Abl positive cell lines, K562 and the ABCB1
overexpressing variant K562-Dox, by long term exposure to increasing concentrations of nilotinib
(Chapters 5 and 6). In all resistant cell lines generated in this study, ABCB1 overexpression, at both
the mRNA and protein level, was the initiating mechanism of resistance. Notably, this is the first report
of ABCB1 overexpression in the K562 cell line in response to exposure to nilotinib. There are two
mechanisms by which this could occur: firstly, clonal selection of cells within the population that have
increased expression of ABCB1. Alternatively, up regulation of ABCB1 expression may have occurred
as an immediate response following exposure to nilotinib. ABCB1 expression levels in newly thawed
K562 2 uM NIL cells pre-nilotinib exposure and after 24 h culture in the presence of 2 yM nilotinib
suggest the latter scenario is more likely (Appendix 6A). Importantly, IC50NL was demonstrated to
directly correlate with ABCB1 expression confirming the notion that nilotinib is an ABCB1 substrate and
supporting results detailed in Chapter 4. No increase in ABCG2 protein was observed making it
unlikely this transporter plays a role in the transport of, or development of resistance to, nilotinib, also
confirming results described in Chapter 4. Continued culture in increasing concentrations of nilotinib
resulted in a loss of ABCB1 expression in all cell lines, most likely by clonal selection, prior to the
emergence of other resistance mechanisms. The fact that two distinct populations were present in

K562-Dox 125 nM NIL #1 cells (Chapter 6) and that the ABCB1-negative population increased in size

with a corresponding decrease in the ABCB1-positive population, suggests those cells with decreased

ABCB1 expression had a growth advantage and were clonally selected over time. The same
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phenomenon was observed in K562 50 nM NIL cells with ABCB1 expression decreasing gradually over

time (Chapter 5). Continued exposure of K562 cells to increasing concentrations of nilotinib resulted in
increased activity of the Src family kinase, Lyn. This resistance mechanism has previously been cited
as Bcr-Abl independents8120, However, in the current study, resistant K562 cells demonstrated
increased IC50 which was unexpected if there was no involvement of Ber-Abl.  This, combined with the
fact that Lyn reportedly regulates Bcr-Abl activity'23.158.160 suggests that Lyn overexpression is in fact a
Ber-Abl dependent mechanism of resistance, which is contrary to popular belief. Consequently, one
could speculate that those patients initially exhibiting negligible levels of ABCB1 but who then
demonstrate ABCB1 overexpression (as was observed in the K562 model of nilotinib resistance) may
be at risk of developing Lyn overexpression. Such patients may benefit from monitoring of Lyn
expression levels and a switch to dasatinib therapy, which has activity against Lyn and other Src family

kinases, in the event that Lyn levels increase.

8.24. Prolonged Exposure to Nilotinib Results in Ber-Abl Independent Resistance in K562-
Dox Cells
Continued exposure of K562-Dox cells to nilotinib resulted in complete loss of ABCB1 expression and
function and the emergence of a genuine Bcr-Abl independent mechanism of resistance (Chapter 6).
K562-Dox cells have been stably expressing ABCB1 for over a decade and this is the first report of loss
of ABCB1 expression back to levels observed in parental K562 cells. Interestingly, investigation of
other previously reported nilotinib resistance mechanisms failed to determine the cause of resistance
here. There was no overexpression or increased activity of Axl, Syk or Lyn nor was total tyrosine
phosphorylation increased. Thus, it is likely a novel mechanism of resistance exists, possibly involving
Ber-Abl independent activation of PDGFR- and decreased expression of MAP3K5. Previously, a small
cohort of patients with demonstrated imatinib resistance were found to have adequate Bcr-Abl kinase

inhibition'%. Even though no confirmatory studies have been published subsequently, the long-term
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treatment outcomes of nilotinib are yet to be defined and Bcr-Abl independent resistance may prove
critical in this setting. Potentially, these cell lines could provide an in vitro model for patients with
undetermined resistance. Additionally, this current model of nilotinib resistance suggests patients who
exhibit ABCB1 overexpression initially may be prone to developing Ber-Abl independent mechanisms of
resistance. Thus, it may prove valuable to determine the expression levels of ABCB1 in such patients
at both diagnosis and relapse and compare these with levels in resistant patients with kinase domain
mutations to determine if this theory is also applicable in vivo. Taken together, these in vitro models
highlight the importance of determining transporter expression at diagnosis and using this to monitor
changes in expression while undergoing TKI therapy. An increase in levels of ABCB1 may serve as an
easily transferrable and valuable early warning system for loss of response and possible development of

resistance.

8.2.5. ABCC6 is a Novel Candidate Transporter of both Nilotinib and Dasatinib

The interaction of nilotinib with ABCB1 and ABCG2 has been studied comprehensively; however, the in
vitro data described in Chapter 4 suggested there may be another transporter/s with which nilotinib
interacts. Thus, mRNA expression of a set of candidate cell transporters was investigated in cells that
had been both transiently exposed to nilotinib as well as resistant cells cultured long term in nilotinib
(Chapter 7). This approach has previously demonstrated mRNA levels of relevant transporters are up-
regulated upon exposure to xenobiotics'38216-219,  Results emphasised ABCC6 as a promising
candidate: mRNA levels increased in both instances suggesting a role in transport of, and resistance to,
nilotinib. To investigate this further, a panel of ABC transporter inhibitors was employed to determine
the effect of ABCC6 inhibition in patient mononuclear cells (MNCs). Addition of three different ABCC6
inhibitors resulted in significantly increased nilotinib-mediated Bcr-Abl kinase inhibition supporting the
notion that ABCC6 is involved in nilotinib transport. Cross referencing transporter and inhibition

specificities validated ABCCG as the only viable transporter. Similar experiments utilising dasatinib and
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imatinib indicated that ABCC6 may also be involved in the transport of dasatinib, but is unlikely to be
involved in imatinib transport. Importantly, in vitro data in resistant K562 cells which overexpress

ABCC®6 supported these hypotheses.

These results highlighted ABCC6 as important in the efflux of nilotinib from patient MNCs which was in
contrast to the ABCB1:nilotinib interaction in these cells. Thus, it would appear ABCB1 expression
levels may function as an indicator of loss of response or resistance development, while ABCC6 levels
may potentially be used in order to predict those patients who will do poorly on nilotinib therapy.
Comparing ABCB1 and ABCC6 mRNA levels in 83 de novo CML patients prior to initiation of nilotinib
therapy supports this notion. Patients were divided into four groups based on transporter mRNA levels:
no overexpression, ABCB1 overexpression, ABCC6 overexpression and double overexpression and
correlated with major molecular response (MMR; <1% Bcr-Abl) to nilotinib at 3 months (Chapter 7).
Results demonstrated that ABCC6 overexpression may be predictive of response to nilotinib therapy.
Of those patients exhibiting ABCC6 overexpression, 52.6% achieved a MMR at 3 months, compared
with 73.9% of patients exhibiting no overexpression or 85.0% of patients overexpressing ABCB1 only.
Preliminary analysis of molecular response at 12 months for a small cohort of patients appears to be
even more predictive: 28.5% of patients exhibiting ABCC6 overexpression achieved a MMR compared
with 44.4% of patients exhibiting no overexpression or overexpressing ABCB1 only. However, analysis
of a much larger cohort is required in order to conclude whether a definitive correlation exists, and this

will be completed once data becomes available.

These data highlighted the rather perplexing observation that the predictive capability of ABCC6 mRNA
expression is only valuable when analysed in conjunction with ABCB1 expression. If one were to look
at ABBCG expression in isolation, the correlation between high expression and inability to achieve MMR

is considerably weaker (Chapter 7). Because we hypothesise that both ABCB1 and ABCC6 are
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important in the transport of nilotinib, it was expected that those patients demonstrating overexpression
of both transporters would exhibit an inferior response compared with patients exhibiting no
overexpression or overexpression of one transporter only; however, this was not the case. As
discussed earlier, ABCB1 is unlikely to be a major protein involved in nilotinib transport in MNCs.
Instead, overexpression of this transporter may be a predictor of relapse or resistance development,
since expression is high at sanctuary sites such as the brain and testes where it is hypothesised
residual leukaemic cells remain318357, In contrast, ABCC6 has been demonstrated as an important
nilotinib transporter in patient MNCs (IC50 experiments in the absence and presence of ABCC6
inhibition, Chapter 7). It has also been demonstrated that continued exposure to nilotinib results in a
sustained increase in ABCC6 mRNA (development of nilotinib resistance in K562 cells, Chapter 7).
Therefore, one could speculate that patients exhibiting high initial levels of ABCC6 would further
overexpress this transporter during nilotinib therapy leading to decreased intracellular nilotinib
concentrations and a reduced probability of achieving MMR. However, this still does not explain why
patients exhibiting high expression levels of both ABCB1 and ABCC6 do not have a decreased
probability of achieving MMR when compared with patients exhibiting no overexpression. A potential
explanation originates from examination of ABCB1 and ABCC6 expression during development of
nilotinib resistance in K562-Dox cells. These cells initially overexpress ABCB1 and it was observed that
early resistance intermediates, before development of overt resistance, demonstrated reduced
expression of ABCC6 when compared with control cells, although ABCB1 levels remained constant
(Figure 8.1). As discussed previously, ABCB1 is capable of modulating expression of ABCG2
(Chapters 5 and 6). Thus, we hypothesise that in the setting of ABCB1/ABCC6 overexpression,
ABCC6 levels are modulated following nilotinib therapy such that patients originally overexpressing both
transporters overexpress ABCB1 only, which, as discussed earlier, is unlikely to be a major nilotinib
transporter in MNCs nor does overexpression appear to predict long term response to nilotinib.

However, we acknowledge the artificiality of using a cell line system, and will seek to confirm these

-294 -



Chapter Eight — Discussion

Il ABCB1
ABCC6

Fold change compared with control cells

Control 15 nM 30 nM 60 nM
NIL #1 NIL #1 NIL #1

Figure 8.1: Early K562-Dox resistance intermediates demonstrate stable levels of ABCB1 mRNA
and reduced levels of ABCC6 mRNA compared with control cells

Expression levels of ABCB1 and ABCC6 were assessed in K562-Dox nilotinib resistance intermediates.
Data demonstrate no significant change in ABCB1 levels during early development of nilotinib
resistance however a significant reduction in ABCC6 mRNA was observed. mRNA expression
represents the mean of six independent experiments performed in triplicate. Statistical analyses were
performed on mRNA levels as a percentage BCR using Student’s t-test. Statistically significant p-values

are denoted by asterisks (** p<0.01; *** p<0.001). Error bars represent SEM.
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hypotheses by determining expression levels of ABCB1 and ABCC6 mRNA in patients following 12

months of nilotinib therapy once this data becomes available.

OCT-1 activity has been demonstrated as predictive of long term response to imatinib therapy'®'.177, and
has not yet been tested for nilotinib therapy; currently no other measure for predicting response to
nilotinib has been defined. Having a reliable and easily disseminative predictor of response to TKI
therapy at diagnosis is critical such that those patients likely to exhibit a suboptimal response are
identified. Determination of ABCC6 and ABCB1 levels prior to initiation of TKI therapy may offer a quick
and widely applicable diagnostic tool for predicting response to nilotinib. Additionally, this strategy may
help identify those patients who would perform better on alternative TKI therapy or who may benefit
from combined TKI:ABCC6 inhibitor therapy in order to improve response and prevent development of

secondary resistance.

8.3. Summary

The use of TKls in the treatment of CML has resulted in successful treatment outcomes for the majority
of patients. However, the challenge now exists to induce the optimum response in all patients. The
availability of second generation TKls means there should no longer be a ‘one treatment for all
approach. This, combined with the knowledge of relevant drug transporters for each of the TKiIs, should
allow customised treatment regimes where TKIs are combined with other drugs in order to enhance

their efficacy.

This study investigated the interaction of nilotinib with major cellular drug transporters and assessed
how altered expression or inhibition of these transporters affected nilotinib transport and efficacy.
Additionally, three nilotinib resistant cell lines were generated and used to investigate the kinetics of

nilotinib resistance mechanism emergence. Based on the findings presented in this thesis, Figure 8.2
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Intracellular concentration
of nilotinib decreases

l

Figure 8.2: Schematic summary of involvement of ABC transporters in nilotinib resistance

Nilotinib is a substrate of both ABCB1 and ABCC6 and overexpression of these transporters causes a
decreased level of intracellular nilotinib. This then results in inferior Ber-Abl inhibition leading to a
cellular environment that promotes further mutations/aberrant activation of proteins ultimately leading to

Ber-Abl dependent or independent mechanisms of resistance.
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presents a current hypothesis for the role of cellular transporters in development of resistance to
nilotinib. Nilotinib is a likely substrate of ABCB1 and ABCC6 and efflux by these transporters results in
lower intracellular concentrations of nilotinib. In the context of resistance, overexpression of ABCB1
and/or ABCC6 creates a favourable environment in which mutations and aberrant expression of other

proteins occurs.

ABCC6 was also found to interact with dasatinib, but not imatinib, and this represents the first time
ABCC®6 has been linked to TKI resistance and transport. In vitro experimentation in CML patient MNCs
revealed a significant decrease in IC50NL and IC50PAS in the presence of ABCC6 inhibition suggesting
patients may benefit from concomitant administration of ABCC6 inhibitors to enhance nilotinib/dasatinib
therapy, especially where there is high risk of emerging resistance. Additionally, mMRNA expression
levels of ABCB1 and ABCC6 at diagnosis may be used as a predictor of response to nilotinib.
Alterations in expression of ABCB1 following therapy may also be used as an early warning for

development of resistance to nilotinib.

8.4. Future Directions

As a result of the findings presented in this thesis, a number of lines of investigation have been
proposed as essential for further understanding the development of nilotinib resistance and the role of
ABCCG in nilotinib efflux:

e In order to confirm the interaction between ABCC6 and nilotinib, dasatinib and imatinib, ABCC6
will be retrovirally overexpressed in cell lines; corresponding siRNA knockdown will also be
performed. Collaborators with expertise in this field have initiated this project, however, ABCC6
was identified as a transporter of interest in the third year of study and complications in vector

sequencing and ligation occurred, thus resulting in significant impediments to progress.
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Similarly, ABCC6 will be overexpressed in xenopus oocytes to determine whether a difference
exists in concentrations of intracellular nilotinib in the absence versus the presence of ABCC6
inhibition. Oocytes do not express any cellular transporters thus, by engineering them to
express ABCC6, any differences in intracellular nilotinib in the absence and presence of ABCC6
inhibitors will be due to transport mediated by ABCC6. Utilising oocytes will allow a definitive
conclusion to be made regarding the nilotinib:ABCC6 relationship.

A custom ABCCG6 antibody will be manufactured (current commercially available antibodies are
poor) and then used to assess ABCC6 protein levels in stored patient MNC lysates.

Mutation analysis on PDGFR- gene in K562-Dox resistant cell lines will be performed to
determine if any activating mutations are present.

Intracellular nilotinib levels will be assessed and compared with plasma levels by mass
spectrometry. These data will be contrasted with those of imatinib and data used to compare in
vivo kinase inhibition in patients receiving up front imatinib versus up front nilotinib.

mRNA and protein levels of ABCB1 will be determined in patients who develop mutations,
undergo disease progression or fail to achieve MMR while receiving up front imatinib or
nilotinib. We hypothesise that ABCB1 overexpression plays a role in disease progression,
resistance development and lack of response to therapy and thus expect these patients to

exhibit increased levels of ABCB1 prior to onset of the adverse event.

Conclusion

In conclusion, while nilotinib entered the cell in a predominantly passive manner, efflux comprised an

active component making moderation of export an attractive approach to enhance nilotinib efficacy.

Nilotinib was found to be a substrate of ABCB1 but not ABCG2 but was capable of inhibiting both these

transporters at high concentrations. Furthermore, the novel TKI transporter ABCC6 was identified, and

was demonstrated to interact with both nilotinib and dasatinib, but not imatinib. Inhibition of ABCC6
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increased nilotinib- and dasatinib-mediated Bcr-Abl kinase inhibition in patient MNCs. Accordingly,
concomitant administration of ABCC6 inhibitors may increase TKI efficacy and prevent development of
secondary resistance. Moreover, patients exhibiting ABCC6 overexpression at diagnosis may be at risk
of failing to achieve a major molecular response by 12 months. Thus, examination of transporter mRNA
levels in newly diagnosed CML patients, and continued monitoring during TKI therapy, could provide a

useful indication for determining TKI and/or concomitant therapies.
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Table 1A: Summary of TKI concentrations with corresponding volumes for cytotoxicity assays

[TKI] [stock] Volume [TKI] [stock] Volume [TKI] [stock] Volume
Nilotinib (nM) Imatinib (uM) Dasatinib (nM)

0 DMSO 4 uL 0 - - 0 DMSO 4L
25 100 uM 1 uL 0.1 0.1 mM 4L 10 10 uM 4L
50 100 uM 2L 0.25 1 mM 1 uL 25 100 M 1uL
100 100 uM 4L 0.5 1mM 2L 50 100 pM 2L
200 1 mM 0.8 pL 0.75 1 mM 3L 75 100 uM 3L
250 1 mM 1L 1 1 mM 4 L 100 100 M 4L
300 1 mM 1.2 L 2.5 10 mM 1L 250 1 mM 1uL
500 1 mM 2 L 5 10 mM 2 L 500 1 mM 2 L
1000 1 mM 4 uL

2000 10 mM 0.8 uL

5000 10 mM 2 uL
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Fullmoon kinase array antibody list

ID  |Antibody Name iD Antibody Name ID  |Antibody Name ID  |Antibody Name
1 |[LRRK2 36 |GRAP2 71 |CAMK1D 106 |EPHAT
2 |BRAF 37 |ILK 72 |CAMKA4 107 |STK11
3 |AHSA1 38 |IRAK1 73 |CAMKK 108 |SGK3
4 |NTRK2 39 |LATS1 74 |CAMKK2 109 |ANP32A
5 |IRAK2 40 |MAPK11 75 |CDC2L2 110 |FGFR2
8 |SLPI 41 |MAPK12 76 |MAPKAPK3 111 |EPHA4
7 |STATG 42 |MAPK3 77 |MLL4 112 |CSF1
8 |AXL 43 |MAPK4 78 |EFNA3 113 |ZAPT0
g |LIMK1 44 |MAPKS 79 |FES 114 |PDGFRA
10 |EPB41L3 45 |[MAP2K1IP1 80 |LCK 115 |[ROCKT
11 |PTK7 46 |MAP2K3 81 |PRKACB 116 |RPSBKA3
12 |HIPK1 47 |MAP3KS 82 |ERBB2IP 117 |INSRR
13 |SGK2 45 |MAPKAPKS 83 |MAPK14 118 |DMPK
14 |STATHA 49 |MLKL 84 |PRKAR1B 119 |EIF2AKZ
15 |GRK7 50 |PAK4 85 |EPHAS 120 |TGFB1
16 |YARS 51 |PA2G4 86 |EPHB2 121 |PRKRIR
17 |RPSBKC 52 |PRKCBP1 87 |EPHB4 122 [MYLK
18 |GRK4 53 |PRKCZ 38 |MAPKS 123 |[EPB41
19 |[MYO3A 54 |PRKD2 89 |CSNKIGH 124 |IKBKE
20 |ACVR1B 55 |PRKD3 90 |BUB1B 125 [MYOT7A
21 |BCR 56 |PRKAAT 91 |CSNK1G2 126 |BMPR1A
22 |CDKL2 57 |PRKAG2 02 |HIPK2 127 |STAT3
23 |CDKL3 58 |PRKACA 93 |RPSBKAB 128 |ATM
24 |CDKL4 59 |PRKDC 94 |GRK6G 129 |PRKAB2
25 |CDKLS 60 |PRKRA 95 |IKBKG 130 |EPHBI1
26 |DYRK1A 61 |PTK2 96 |GRKI1 131 |MELK
27 |DYRK4 62 |PTK2B 97 |MUSK 132 |EPHA2
28 |EFNA1 63 |PTKG 98 |FGR 133 |RPS6KB2
20 |EFNAS 64 |RET 99 |GRKS5 134 |PDGFRB
30 |FGFR10OP 65 |SAB 100 |MSTIR 135 |EGFR
31 |FGFR10P2 66 |TEK 101 |TIE1 136 |RAF1
32 |FRAP1 67 |TYK2 102 |ABL2 137 [MAPK1
33 |FLT1 68 |YESH 103 |SYK 138 [STATI
34 |FLT3LG 69 |ROR2 104 |CDK5 139 |CSF2RA
35 |FLT4 70 |CAMKZA 105 |FLT3 140 |CSNK1D
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ID  |Antibody Name ID  |Antibody Name ID  |Antibody Name ID  |Antibody Name
141 [CSNKI1E 175 |MYLK2 209 IMAP3K15 243 |RNASEH1
142 [ROCK2 176 |HERC4 210 [MAP3K4 244 |RPSGKB1
143 |FGFR1 177 |EPHX1 211 IMAP4KS 245 |BUB1
144 [EPB41L1 178 |ACTR1B 212 IMAPKAPK2 246 |AKT1
145 |ARG2 179 |CDK2 213 [PAK3 247 |RNASEH2A
146 [NTRK3 180 |EPDR1 214 |PIM1 248 IMAP2KS
147 |[RPSGKAS 181 |CDK6 215 [PIM3 249 |PAK1
148 |MYOQ9A 182 |CDK4 216 |PRKCABP 250 |PRKGT
149 |FGFR4 183 |TYRO3 217 |PRKAA2 251 INEK2
150 [BMPR2 184 |INS 218 |PRKAB1 252 |CAMK1
151 [CSNK2A2 185 |TGFB1I1 219 |ERBB3 253 |BMPR1B
152 |HIPK4 186 |CDK7 220 |KDR 254 |CSNK2A1
153 |FGFRL1 187 |CSF2 221 [CAMK2D 255 |MAP3KT
154 |PTKOL 188 |IGFBP1 222 |CAMKI1G 256 |CAMKY
155 |EPB42 189 |CDC25B 223 [CAMK2B 257 |CDC25C
156 |MAP2ZK1 190 |SRC 224 [ROR1 258 |PRKCSH
157 |RPSEKA2 191 |NPR2 225 |CDK9 259 |HERC3
158 |PRIMZA 192 |EPM2A 226 [MAP2KG 260 |PRKACG
159 |PRKCA 193 |MAP2K2 227 [MAP3K1 261 |RPS6
160 [GSK3B 194 |RNMT 228 IMAP3K11 262 |LIMK2
161 [FUSIP1 195 |CDKSRAP3 229 IMAP3K3 263 |WNK3
162 [WNK2 196 |CDK3 230 |PRKAR2A 264 IMAP3KTIP1
163 |MYLIP 197 |CDKL1 231 |PRKX 265 |IGFBP6
164 |RPSEKA1 198 |DYRK1B 232 IMAP4K4 266 |PLK1
165 |AKT2 199 |DYRK2 233 |ERBB2 267 |IKBKAP
166 |CDC2 200 |ILKAP 234 |PTK9 268 |ANK1
167 |CDK5R1 201 [IRAK3 235 |EPHB3 269 |STAT4
168 |CDKS 202 |IRAK4 236 |EPHBG 270 |PRKCI
169 [CHEK2 203 |JAK3 237 |PRKCD 271 |DYRK3
170 |STATZ2 204 |MAST2 238 [MAPK9 272 |PLK4
171 |STATSB 205 |MASTL 239 [CHEK1 273 |FYN
172 |MYOYB 206 |MAPK10 240 (IKBKB 274 |CSFIR
173 |[RNASEL 207 |MAPK13 241 |PAK2 275 IMERTK
174 [CDC235A 208 |MAP3K13 242 |SGK 276 |EPHAB
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Fullmoon kinase array plate layout

Block 1

Block 2

Block 3

Block 4

cf c2 ¢ c4 ch cfi cf 8 c9 cid ot cf2  ¢13 c14 ¢t ol cf7  cff  cf9  c20 c21  c22 23 c24 c25 c26 c2f 28 c29 c30 e c32
P E E 1 2 3 4 5 6 7 ] 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
P E E 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 il 22 23 24 25 26 27 28 29
P E E 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 il 22 23 24 25 26 27 28 29
P E E 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 il 22 23 24 25 26 27 28 29
P E E 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 il 22 23 24 25 26 27 28 29
P E E 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 il 22 23 24 25 26 27 28 29
cf c2 c3 cd ch ch cf cB c9 cid  cft ci2 ¢f3 ¢4 cts cf6  off ¢t 19 20 M 22 X c24 c25 c26 c27 28 c29 c30 cH c32
30 M 12 13 M 15 36 w 38 39 40 41 42 43 4 45 46 47 43 49 50 5 52 53 54 55 56 57 58 59 60 61
30 M 12 13 4 35 36 w 38 39 40 41 42 43 44 45 46 47 48 49 50 5 52 53 54 55 56 57 58 59 60 61
30 M 12 3 34 35 36 w 38 39 40 # 42 43 4 45 46 47 48 49 50 5 52 53 54 55 56 57 58 59 60 61
30 H 32 33 34 5 36 k1) 38 39 40 4 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61
30 H 32 33 34 5 36 k1) 38 39 40 4 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61
30 H 32 33 34 5 36 k1) 38 39 40 4 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61
cl c2 c? c4 ch cfi c7 8 c9 ci@ cit ci2 ci3 cl4 c15 cff cf7 cig c19 c20 c21 c22 c23 c24 c25 c26 c27 c28 c29 c30 cif c32
62 63 64 65 (1} 67 68 69 70 m 72 73 T4 75 76 7 78 79 80 81 82 83 &4 85 86 a7 a8 89 90 91 92 93
62 63 64 65 (1} 67 68 69 70 m 72 73 T4 75 76 7 78 79 80 81 82 83 &4 85 86 a7 a8 89 90 91 92 93
62 63 64 65 (1} 67 68 69 70 m 72 73 T4 75 76 7 78 79 80 81 82 83 &4 85 86 a7 a8 89 90 91 92 93
62 63 64 65 (1} 67 68 69 70 m 72 73 T4 75 76 7 78 79 80 81 82 83 &4 85 86 a7 a8 89 90 91 92 93
62 63 64 65 (1} 67 68 69 70 m 72 73 T4 75 76 7 78 79 80 81 82 83 &4 85 86 a7 a8 89 90 91 92 93
62 63 64 65 (1} 67 68 69 70 m 72 73 T4 75 76 7 78 79 80 81 82 83 &4 85 86 a7 a8 89 90 91 92 93
cl c2 c? c4 ch cfi c7 8 c9 ci@ cit ci2 ci3 cl4 c15 cff cf7 cig c19 c20 c21 c22 c23 c24 c25 c26 c27 c28 c29 c30 cif c32
a4 95 96 a7 98 99 100 101 102 103 104 105 106 107 108 109 110 11 112 113 114 115 116 17 118 119 120 121 122 123 124 125
a4 95 96 a7 98 99 100 101 102 103 104 105 106 107 108 109 110 11 112 113 114 115 116 17 118 119 120 121 122 123 124 125
a4 95 96 a7 98 99 100 101 102 103 104 105 106 107 108 109 110 11 112 113 114 115 116 17 118 119 120 121 122 123 124 125
a4 95 96 a7 98 99 100 101 102 103 104 105 106 107 108 109 110 11 112 113 114 115 116 17 118 119 120 121 122 123 124 125
a4 95 96 a7 98 99 100 101 102 103 104 105 106 107 108 109 110 11 112 113 114 115 116 17 118 119 120 121 122 123 124 125
a4 95 96 a7 98 99 100 101 102 103 104 105 106 107 108 109 110 11 112 113 114 115 116 17 118 119 120 121 122 123 124 125
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Block &

Block 6

Block 7

Block 8

Block 9

r1
r2
r3
rd
r5

rl
2
r3
rd
rh

1
2
r3
rd
rh

r1
r2
r3
4
rh

rl
2
r3
rd
r5

cl o2 c3 cd ch cf c7 ch cd c10 cll clZ c13 cl4 clb clé cl7  cl8 cl9 c20 c21 c22 c23 c24 c2b cZf ciZT cZ8 cZ9 c30 cH c3Z
126 | 127 | 128 | 129 130 | 131 132 | 133 134 | 135 | 136 | 137 | 138 | 139 | 140 141 142 | 143 | 144 | 145 146 | 147 | 148 149 | 150 | 151 152 153 154 155 | 156 | 157
126 | 127 | 128 | 129 130 | 131 132 | 1313 134 | 135 | 136 | 137 | 138 | 139 | 140 141 142 | 143 | 144 | 145 146 | 147 | 148 149 | 150 | 154 152 153 154 155 | 156 | 157
126 | 127 | 128 | 129 130 | 131 132 | 133 134 | 135 | 136 | 137 | 138 | 139 | 140 141 142 | 143 | 144 | 145 146 | 147 | 148 149 | 150 | 151 152 153 154 155 | 156 | 157
126 | 127 | 128 | 129 130 | 131 132 | 133 134 | 135 | 136 | 137 | 138 | 139 | 140 141 142 | 143 | 144 | 145 146 | 147 | 148 149 | 150 | 15 152 153 154 155 | 156 | 157
126 | 127 | 128 | 129 130 | 131 132 | 133 134 | 135 | 136 | 137 | 138 | 139 | 140 141 142 | 143 | 144 | 145 146 | 147 | 148 149 | 150 | 151 152 153 154 155 | 156 | 157
126 | 127 | 128 | 129 130 | 131 132 | 133 134 | 135 | 136 | 137 | 138 | 139 | 140 141 142 | 143 | 144 | 145 146 | 147 | 148 149 | 150 | 154 152 153 154 155 | 156 | 157
cl o2 c3 cd ch cf c7 ch cd c10 cll clZ c13 cl4 clb clé cl7  cl8 cl9 c20 c21 c22 c23 c24 c2b cZf ciZT cZ8 cZ9 c30 cH c3Z
158 | 159 | 160 | 164 162 | 163 | 164 | 165 166 | 167 | 168 | 169 | 170 | 171 172 173 | 174 | 175 | 176 177 178 | 179 | 180 181 182 | 183 | 184 | 185 186 187 | 188 | 189
158 | 159 | 160 | 164 162 | 163 | 164 | 165 166 | 167 | 168 | 169 | 170 | 171 172 173 | 174 | 175 | 176 177 178 | 179 | 180 181 182 | 183 | 184 | 185 186 187 | 188 | 189
158 | 159 | 160 | 161 162 | 163 | 164 | 165 166 | 167 | 168 | 169 | 170 | 171 172 173 | 174 | 175 | 176 177 178 | 179 | 180 181 182 | 183 | 184 | 185 186 187 | 188 | 189
158 | 159 | 160 | 164 162 | 163 | 164 | 165 166 | 167 | 168 | 169 | 170 | 171 172 173 | 174 | 175 | 176 177 178 | 179 | 180 181 182 | 183 | 184 | 185 186 187 | 188 | 189
158 | 159 | 160 | 164 162 | 163 | 164 | 165 166 | 167 | 168 | 169 | 170 | 171 172 173 | 174 | 175 | 176 177 178 | 179 | 180 181 182 | 183 | 184 | 185 186 187 | 188 | 189
158 | 159 | 160 | 164 162 | 163 | 164 | 165 166 | 167 | 168 | 169 | 170 | 171 172 173 | 174 | 175 | 176 177 178 | 179 | 180 181 182 | 183 | 184 | 185 186 187 | 188 | 189
cf 2 c3 cd ch cff el c8 cd cld et cl2 el eld 15 16 cI7 18 19 20 &2 c2?2 c23 c2d c2b c2f c27 c28 c29 c3 ci c3?
190 | 19 192 | 193 194 | 195 | 196 | 197 198 | 199 | 200 | 201 | 202 | 203 | 204 | 205 | 206 | 207 | 208 209 | 2110 | 211 M2 | M3 | 214 | 215 | 216 A7 | 28 | 2119 | 220 | 2
190 | 191 192 | 193 194 | 195 | 196 | 197 198 | 199 | 200 | 201 | 202 | 203 | 204 | 205 | 206 | 207 | 208 209 | 2110 | 211 22 | M3 | 214 | 215 | 216 A7 | 218 | 219 | 220 | 2
190 | 191 192 | 193 194 | 195 | 196 | 197 198 | 199 | 200 | 201 | 202 | 203 | 204 | 205 | 206 | 207 | 208 209 | 210 | 211 212 | 2113 | 214 | 215 | 216 217 | 218 | 219 | 220 | 2
190 | 19 192 | 193 194 | 195 | 196 | 197 198 | 199 | 200 | 201 | 202 | 203 | 204 | 205 | 206 | 207 | 208 209 | M0 | 211 M2 | M3 | M4 | A5 | M6 A7 | 28 | 219 | 220 | 2M
190 | 19 192 | 193 194 | 195 | 196 | 197 198 | 199 | 200 | 201 | 202 | 203 | 204 | 205 | 206 | 207 | 208 209 | 2110 | 211 M2 | M3 | 214 | 25 | 26 A7 | 218 | 2119 | 220 | 2
190 | 191 192 | 193 194 | 195 | 196 | 197 198 | 199 | 200 | 201 | 202 | 203 | 204 | 205 | 206 | 207 | 208 209 | 2110 | 211 212 | 213 | 214 | 215 | 216 A7 | 218 | 2119 | 220 | 2
cl o2 c3 cd ch cf c7 ch cd c10 cll clZ c13 cl4 clb clé cl7  cl8 cl9 c20 c21 c22 c23 c24 c2b cZf ciZT cZ8 cZ9 c30 cH c3Z
222 | 223 | 224 | 225 | 226 | 227 | 228 | 229 | 230 | 2H 232 | 233 | 234 | 235 | 236 237 | 238 | 239 | 240 241 242 | 243 | 244 | 245 | 246 | 247 | 248 249 | 250 | 251 252 | 253
223 | 223 | 224 | 225 | 226 | 227 | 228 | 229 | 230 | 2M 232 | 233 | 23 | 235 | 236 237 | 238 | 239 | 240 241 242 | 243 | 244 | 245 | 246 | 247 | 248 249 | 250 | 251 252 | 253
223 | 223 | 224 | 225 | 226 | 227 | 228 | 229 | 230 | 2M 232 | 233 | 234 | 235 | 236 237 | 238 | 239 | 240 241 242 | 243 | 244 | 245 | 246 | 247 | 248 249 | 250 | 251 252 | 253
222 | 223 | 224 | 225 | 226 | 227 | 228 | 229 | 230 | 2 232 | 233 | 234 | 235 | 236 237 | 238 | 239 | 240 241 242 | 243 | 244 | 245 | 246 | 247 | 248 249 | 250 | 251 252 | 253
222 | 223 | 224 | 225 | 226 | 227 | 228 | 229 | 230 | 2H 232 | 233 | 234 | 235 | 236 237 | 238 | 239 | 240 241 242 | 243 | 244 | 245 | 246 | 247 | 248 249 | 250 | 251 252 | 253
222 | 223 | 224 | 225 | 226 | 227 | 228 | 229 | 230 | 2H 232 | 233 | 234 | 235 | 236 237 | 238 | 239 | 240 241 242 | 243 | 244 | 245 | 246 | 247 | 248 249 | 250 | 251 252 | 253
cf c c3 cd ch cf el c8 cd c1d  elt cl2 el eld 15 16 cI7 18 19 20 &2 c2? c23 c24 c2b c2f c27 c28 c29 c3 cit c3?
254 | 255 | 256 | 257 | 258 | 259 | 260 | 261 262 | 263 | 264 | 265 | 266 | 267 | 268 269 | 270 | 2M 272 273 | 214 | 215 | 276 A G N N N N E E P

254 | 255 | 256 | 257 | 258 | 259 | 260 | 261 262 | 263 | 264 | 265 | 266 | 267 | 268 269 | 270 | 2M 272 273 | 274 | 215 | 276 A G N N N N E E P

254 | 255 | 256 | 257 | 258 | 259 | 260 | 261 262 | 263 | 264 | 265 | 266 | 267 | 268 269 | 270 | 2M 272 273 | 274 | 215 | 276 A G N N N N E E P

254 | 255 | 256 | 257 | 258 | 259 | 260 | 261 262 | 263 | 264 | 265 | 266 | 267 | 268 269 | 270 | 2M 272 273 | 214 | 215 | 276 A G N N N N E E P

254 | 255 | 256 | 257 | 258 | 259 | 260 | 261 262 | 263 | 264 | 265 | 266 | 267 | 268 269 | 270 | 2M 272 273 | 274 | 2715 | 276 A G N N N N E E P

254 | 255 | 256 | 257 | 258 | 259 | 260 | 261 262 | 263 | 264 | 265 | 266 | 267 | 268 269 | 270 | 2M 272 273 | 74 | 215 | 216 A G N N N N E E P

N = Negative control A = Beta actin E = Empty G = GAPDH P = Position marker
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Fullmoon cancer array antibody list

ID  |Antibody Name ID  |Antibody Name ID | Antibody Name ID  |Antibody Name

1 (GSK3 beta (Phospho-Serd) 32 AKT (Phospho-Thr308) 63 CDC25A (Phospho-Ser75) 94 FGFR1 (Phospho-Tyr154)

2 c-Jun (Phospho-Ser73) 33 PTEN (Phospho-Ser380/Thr382/Thr3g3) 64 Chk1 (Phospho-Ser280) 95 c-Kit (Phospho-Tyr721)

3 Elk1 (Phospho-Ser383) 34 FAK (Phospho-Tyr861) 65 Chk1 (Phospho-Ser317) 96 BRCA1 (Phospho-Ser1423)

4 PDK1 (Phospho-Ser241) 35 Integrin beta-3 (Phospho-Tyrf73) 66 MKK3 (Phospho-Ser189) 97 CDC2 (Phospho-Tyr15)

5 Raf1 (Phospho-Ser259) 36 Chk2 (Phospho-Thr68) 67 Chk2 (Phospho-Ser516) 98 p44/42 MAP Kinase (Phospho-Thr202)
6 G5SK3 alpha (Phospho-Ser21) 37 BCL-2 (Phospho-Thr6) 68 TYKZ2 (Phospho-Tyr1054) 99 p44/42 MAP Kinase (Phospho-Tyr204)
7 MEK-2 (Phospho-Thr394) 38 BCL-2 (Phospho-Ser70) 69 JAK1 (Phospho-Tyr1022) 100 |HSP27 (Phospho-Ser78)

8 NFkB-p65 (Phospho-Thr254) 39 BCL-XL (Phospho-Ser62) 70 JAK2 (Phospho-Tyr221) 101 | SAPK/JNK (Phospho-Thr183)

9 NFkB-p100/p52 (Phospho-Ser865) 40 BAD (Phospho-Ser112) 71 JAK2 (Phospho-Tyr1007) 102 |NFkB-p105/p50 (Phospho-Ser932)
10 NFkB-p100/p52 (Phospho-Ser869) 41 BAD (Phospho-Ser136) 72 IkB-alpha (Phospho-Ser32/36) 103 |P38 MAPK (Phospho-Thr180)

1 NFKB-p105/p50 (Phospho-Ser893) 42 BAD (Phospho-Ser155) 73 Src (Phospho-Tyr529) 104 | P38 MAPK (Phospho-Tyr182)

12 NFKB-p105/p50 (Phospho-Serd07) 43 Estrogen Receptor-a (Phospho-Ser167) 74 MEK1 (Phospho-Ser221) 105  |HSF1 (Phospho-Ser303)

13 Rel (Phospho-Ser503) 44 HER2 (Phospho-Tyr877) 75 IkB-alpha (Phospho-Tyrd2) 106  |EGFR (Phospho-Tyr1110)

14 c-Jun (Phospho-Thr239) 45 ICAM-1 (Phospho-Tyr512) 76 STAT1 (Phospho-Ser727) 107 |Histone H2A X (Phospho-Ser139)
15 c-Jun (Phospho-Ser243) 46 VEGFR2 (Phospho-Tyr951) 7 HDACS (Phospho-Ser3a) 108  |elF2A (Phospho-Sera1)

16 JunB (Phospho-Ser/9) 47 IGF-1R (Phospho-Tyr1161) 78 HSP27 (Phospho-Ser15) 109  [Integrin beta-3 (Phospho-Tyr785)
17 JunB (Phospho-Ser259) 48 Caveolin-1 (Phospho-Tyr14) 79 MSK1 (Phospho-Ser376) 110  |P70S6K (Phospho-Serd424)

18 JunD (Phospho-Ser255) 49 Src (Phospho-Tyr418) 80 Rac1/cdc42 (Phospho-Ser71) 111 |CaMKII (Phospho-Thr286)

19 Myc (Phospho-Thr58) 50 p53 (Phospho-Serf) 81 MEK1 (Phospho-Ser217) 112 |MEK1 (Phospho-Thr281)

20 Myc (Phospho-Thr358) 5 p53 (Phospho-Ser315) 82 p21Cip1 (Phospho-Thr145) 113 |14-3-3 zeta (Phospho-Ser58)

21 Myc (Phospho-Serd73) 52 Tau (Phospho-Serd(4) 83 p27Kip1 (Phospho-Ser10) 114 |AMPK1 (Phospho-Thri74)

22 STAT1 (Phospho-Tyr701) 53 FKHR (Phospho-Ser256) 84 p27Kip1 (Phospho-Thr187) 115 |HSPI0B (Phospho-Ser254)

23 STAT3 (Phospho-Tyr705) 54 Catenin beta (Phospho-Thr41/Ser4b) 85 Pyk2 (Phospho-Tyr402) 116 |IkB-beta (Phospho-Ser23)

24 STAT3 (Phospho-Ser727) 55 BRCA1 (Phospho-Ser1524) 86 NFKB-p65 (Phospho-Ser529) 117 |IkB-epsilon (Phospho-Ser22)

25 STAT4 (Phospho-Tyr693) 56 CDC25C (Phospho-Ser216) a7 Catenin beta (Phospho-Ser33) 118  |Keratin 18 (Phospho-Ser33)

26 STAT5HA (Phospho-Tyr94) 57 Chk1 (Phospho-Ser345) 88 Catenin beta (Phospho-Ser37) 119 |Myc (Phospho-Seri2)

27 STAT5A (Phospho-Ser780) 58 FAK (Phospho-Tyr825) 89 mTOR (Phospho-Ser2448) 120 |Shc (Phospho-Tyr349)

28 STATE (Phospho-Tyr641) 59 AKT2 (Phospho-Ser474) 90 4E-BP1 (Phospho-Thr36) 121 |SHP-2 (Phospho-Tyr580)

29 STATE (Phospho-Thré45) 60 IKK-alpha (Phospho-Thr23) 91 PDGF R beta (Phospho-Tyr751) 122 |Smad3 (Phospho-Serd25)

30 CREB (Phospho-Ser133) 61 Rb (Phospho-Ser780) 92 elFAE (Phospho-Ser209) 123 |Trk B (Phospho-Tyr515)

31 AKT (Phospho-Serd73) 62 CDK2 (Phospho-Thr160) 93 Met (Phospho-Tyr1349) 124 | Crkll (Phospho-Tyr221)
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ID  |Antibody Name ID  |Antibody Name ID  |Antibody Name ID  |Antibody Name

125  |eEFZK (Phospho-Ser366) 156  [CREB (Ab-133) 187 |JAK1 (Ab-1022) 218 |PDGF R beta (Ab-751)
126 | GSK3 beta (Ab-9) 157 |AKT (Ab-473) 188 |JAKZ (Ab-221) 219 |elF4E (Ab-209)

127 |c-Jun (Ab-73) 158 | AKT (Ab-308) 188 |JAK2 (Ab-1007) 220 |Met (Ab-1349)

128  |Elk1 (Ab-383) 159  [PTEN (Ab-380/382/383) 190  |lkB-alpha (Ab-32/36) 221 |FGFR1 (Ab-154)

129  |PDK1 (Ab-241) 160  [BCL-2 (Ab-56) 191  |FKHR (Ab-256) 222 |c-Kit (Ab-721)

130 |Raf1 (Ab-259) 161  [BCL-2 (Ab-70) 192 |BRCA1 (Ab-1524) 223 |BRCA1 (Ab-1423)

131 |GSK3 alpha (Ab-21) 162  |BCL-XL (Ab-62) 193 |HDACS (Ab-39) 224 |CDC2 (Ab-15)

132 |MEK-2 (Ab-394) 163  |BAD (Ab-112) 194 |HSP27 (Ab-15) 225  |p44/42 MAP Kinase (Ab-202)
133 |NFkB-pB5 (Ab-254) 164  [BAD (Ab-136) 195 |CDC25C (Ab-216) 226 |p44/42 MAP Kinase (Ab-204)
134 |NFKB-p100/p52 (Ab-865) 165  |BAD (Ab-155) 196  |Chk1 (Ab-345) 227 |HSP2T (Ab-78)

135  |NFKB-p100/p52 (Ab-869) 166  |Estrogen Receptor-a (Ab-167) 197  |ATM (Ab-1981) 228  |SAPK/JNK (Ab-183)
136  |NFKB-p105/p50 (Ab-337) 167 |HER2 (Ab-877) 198  |FAK (Ab-925) 229 |P38 MAPK (Ab-182)
137 |NFKB-p105/p50 (Ab-893) 168 |FAK (Ab-861) 198 |p21Cip1 (Ab-145) 230 |HSF1 (Ab-303)

138 |NFKB-p105/p50 (Ab-907) 169 |VEGFR2 (Ab-951) 200 |[p27Kipt (Ab-10) 231 |EGFR (Ab-1110)

139 |Rel (Ab-503) 170 |IGF-1R (Ab-1161) 201 |p27Kip1 (Ab-187) 232  |Histone H2A X (Ab-139)
140 |c-Jun (Ab-239) 171 |Integrin beta-3 (Ab-773) 202 |AKT2 (Ab-474) 233 |elF2A (Ab-51)

141 |c-Jun (Ab-243) 172 |p53 (Ab-6) 203 |IKK-alpha (Ab-23) 234 |Integrin beta-3 (Ab-785)
142 |JunB (Ab-79) 173 [Chk2 (Ab-68) 204 |CDC25A (Ab-T5) 235  |PT0S6K (Ab-424)

143 |JunB (Ab-259) 174 |p53 (Ab-315) 205  [Src (Ab-529) 236 |CcaMKIl (Ab-286)

144 |JunD (Ab-255) 175 |Tau (Ab-404) 206 [MEKA1 (Ab-221) 237 |MEK1 (Ab-291)

145 |Myc (Ab-58) 176  |Catenin beta (Ab-41/45) 207 |lkB-alpha (Ab-42) 238 |14-3-3 zeta (Ab-58)

146 |Myc (Ab-358) 177 |ICAM-1 (Ab-512) 208 [STAT1 (Ab-727) 239 |AMPK1 (Ab-174)

147 |Myc (Ab-373) 178 |Rb (Ab-T80) 209 [MSK1 (Ab-376) 240 |HSP90B (Ab-254)

148 |STAT1 (Ab-701) 179 |CDK2 (Ab-160) 210 [Ractlcded2 (Ab-71) 241 | IkB-epsilon (Ab-22)

149 |STAT3 (Ab-705) 180 | Caveolin-1 (Ab-14) 211 IMEK1 (Ab-217) 242 |Keratin 18 (Ab-33)

150  |STAT3 (Ab-727) 181  [Chk1 (Ab-280) 212 |FAK (Ab-397) 243 |Myc (Ab-52)

151  |STAT4 (Ab-693) 182 |Chk1 (Ab-317) 213 |Pyk2 (Ab-402) 244 |Shc (Ab-349)

152 |STATSA (Ab-604) 183 |Src (Ab-418) 214 [NFkB-p65 (Ab-529) 245  |SHP-2 (Ab-580)

153 |STATS5A (Ab-780) 184  [MKK3 (Ab-189) 215 |Catenin beta (Ab-37) 246  |Trk B (Ab-515)

154 |STATE (Ab-641) 185  [ChkZ (Ab-516) 216 |mTOR (Ab-2448) 247 |Crkll (Ab-221)

155 |STATE (Ab-645) 186  [TYK2 (Ab-1054) 217 |4E-BP1 (Ab-36) 248 |eEF2K (Ab-366)
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Fullmoon cancer array plate layout

Block 1

Block 2

Block 3

Block 4

il
2
3
rd

r
74
3
4

cl c2 c3 cd c5 b cf cl cd cld el cl2  ¢13 MM cls 16 cl7 18  ¢19 c20 21 cl2 c23 c24 c2b c26 c27 28 c29 c30 c31 c32
p E E 1 2 3 4 5 ] 7 ] 9 10 1 12 13 14 15 16 v 18 19 20 21 22 23 24 25 26 27 28 p
p E E 1 2 3 4 5 ] 7 8 9 10 11 12 13 14 15 16 7 18 19 20 21 22 23 24 25 26 27 28 p
p E E 1 2 3 4 5 ] 7 8 9 10 11 12 13 14 15 16 7 18 19 20 21 22 23 24 25 26 27 28 p
p E E 1 2 3 4 5 ] 7 8 9 10 11 12 13 14 15 16 7 18 19 20 21 22 23 24 25 26 27 28 p
p E E 1 2 3 4 5 ] 7 8 9 10 11 12 13 14 15 16 7 18 19 20 21 22 23 24 25 26 27 28 p
p E E 1 2 3 4 5 ] 7 8 9 10 11 12 13 14 15 16 7 18 19 20 21 22 23 24 25 26 27 28 p
cf c2 c3 cd ] cf el c8 c? el efl 12 13 o4 clf i el 18 el 20 e c22 23 24 ¢25 c26 27 €28 29 ¥ &3 ¢z
P E E 29 30 H 32 13 M 35 36 7 38 39 40 41 42 43 44 45 46 a7 48 49 50 51 52 53 54 55 56 p
P E E 29 30 H 32 13 M 35 36 7 38 39 40 41 42 43 44 45 46 a7 48 49 50 51 52 53 54 55 56 p
P E E 29 30 H 32 13 M 35 36 7 38 39 40 41 42 43 44 45 46 a7 48 49 50 51 52 53 54 55 56 p
P E E 29 30 H 32 13 M 35 36 7 38 39 40 41 42 43 44 45 46 a7 48 49 50 51 52 53 54 55 56 p
p E E 29 30 £} 32 13 M 35 36 £y 38 39 40 4 42 43 44 45 46 a7 48 43 50 51 52 53 54 55 56 p
p E E 29 30 £} 32 13 M 35 36 £y 38 39 40 4 42 43 44 45 46 a7 48 43 50 51 52 53 54 55 56 p
cl c2 c3 cd ch ch el cff c9 cll el [ A K cls 16 7 ¢18 c19 20 c21 c2? c23 c24 c25 c2fi c27  c28 c29 c30 c3l c3?
p E E 57 58 59 60 61 62 63 64 65 66 67 68 69 70 m 72 73 74 75 76 77 78 79 80 81 a2 83 84 p
p E E 57 58 59 60 61 62 63 64 65 66 67 68 69 70 m 72 73 74 75 76 77 78 79 80 81 a2 83 84 p
p E E 57 58 59 60 61 62 63 64 65 66 67 68 69 70 m 72 73 74 75 76 77 78 79 80 81 a2 83 84 p
p E E 57 58 59 60 61 62 63 64 65 66 67 68 69 70 m 72 73 74 75 76 77 78 79 80 81 a2 83 84 p
p E E 57 58 59 60 61 62 63 64 65 66 67 68 69 70 m 72 73 74 75 76 77 78 79 80 81 a2 83 84 p
P E E 57 58 59 60 61 62 63 64 65 66 67 68 69 70 m 72 73 74 75 76 77 78 79 80 a1 82 83 84 p
cl c2 c3 cd ch ch ol cff cd cll el cl2  el3 o4 cls 16 cl7  ¢l8 c19 20 c21 c2? c23 c24 c25 c2fi c27 28 c29 c30 c3l c3?
p E E 85 86 87 a8 a9 90 91 92 e} 94 95 96 97 98 9 100 | 101 | 102 | 103 | 104 [ 105 106 | 107 | 108 109 | 110 | 111 112 p
p E E 85 86 87 a8 a9 90 91 92 e} 94 95 96 97 98 9 100 | 101 | 102 | 103 | 104 [ 105 106 | 107 | 108 109 | 110 | 111 112 p
p E E 85 86 87 a8 a9 90 91 92 e} 94 95 96 97 98 9 100 | 101 | 102 | 103 | 104 [ 105 106 | 107 | 108 109 | 110 | 111 112 p
p E E 85 86 87 a8 a9 90 91 92 e} 94 95 96 97 98 9 100 | 101 | 102 | 103 | 104 [ 105 106 | 107 | 108 109 | 110 | 111 112 p
p E E 85 86 87 a8 a9 90 91 92 e} 94 95 96 97 98 9 100 | 101 | 102 | 103 | 104 [ 105 106 | 107 | 108 109 | 110 | 111 112 p
p E E 85 86 87 a8 a9 90 91 92 e} 94 95 96 97 98 9 100 | 101 | 102 | 103 | 104 [ 105 106 | 107 | 108 109 | 110 | 111 112 p
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Block &

Block 6

Block 7

Block 8

Block 8

rl
ré
r3
rd

cl c2 c3 cd ch cf cf cf cd cld el el2 13 cl4 cls ¢t cI7 18 19 20 el 22 23 c24 25 26 27V 28 29 30 oM c32
p E E 113 | M4 | 115 | 116 | 117 | 118 | 119 | 120 | 121 122 | 123 | 124 | 125 | 126 | 127 | 128 | 129 | 130 [ 1 132 133 134 [ 135 | 136 | 137 [ 138 | 139 [ 140 P
p E E 13 | M4 115 | 116 | 117 | 118 | 119 | 120 | 1 122 | 123 | 124 | 125 | 126 | 127 | 128 | 129 | 130 | 1 132 113 14 | 135 | 136 | 137 | 138 | 139 [ 140 P
p E E 113 | M4 | 115 | 116 | 117 | 118 | 119 | 120 | 121 122 | 123 | 124 | 125 | 126 | 127 | 128 | 129 | 130 [ 1 132 133 134 [ 135 | 136 | 137 [ 138 | 139 [ 140 P
p E E 13 | M4 115 | 116 | 117 | 118 | 119 | 120 | 1 122 | 123 | 124 | 125 | 126 | 127 | 128 | 129 | 130 | 1 132 113 14 | 135 | 136 | 137 | 138 | 139 [ 140 P
p E E 113 | M4 | 115 | 116 | 117 | 118 | 119 | 120 | 121 122 | 123 | 124 | 125 | 126 | 127 | 128 | 129 | 130 [ 1 132 133 134 [ 135 | 136 | 137 [ 138 | 139 [ 140 P
p E E 113 | 14 | 115 | 116 | 117 | 118 | 119 | 120 | 12 122 | 123 | 124 | 125 | 126 | 127 | 128 | 129 | 130 | 1 132 113 134 | 135 | 136 | 137 | 138 | 139 [ 140 P
cl c2 c3 cd c5 cf cf cf cd cld c1l ¢l cl3 cl4 cls c16 cl7  cl8 cl9 c20 c2l cZ2 c23 cZ4 c2b c26 c27 c28 c29 c30 ci 32
p E E 141 | 142 | 143 | 144 | 145 | 146 | 147 | 148 | 1490 | 150 [ 151 | 152 | 153 | 154 | 155 | 156 | 157 | 158 | 159 | 160 161 162 | 163 | 164 | 165 | 166 | 167 | 168 P
P E E 141 | 142 | 143 | 144 | 145 | 146 | 147 | 148 | 149 | 150 [ 151 | 152 | 153 | 154 | 155 | 156 | 157 | 158 | 139 | 160 161 162 | 163 | 164 | 165 | 166 | 167 | 168 P
p E E 141 | 142 | 143 | 144 | 145 | 146 | 147 | 148 | 1490 | 150 [ 151 | 152 | 153 | 154 | 155 | 156 | 157 | 158 | 159 | 160 161 162 | 163 | 164 | 165 | 166 | 167 | 168 P
P E E 141 | 142 | 143 | 144 | 145 | 146 | 147 | 148 | 149 | 150 [ 151 | 152 | 153 | 154 | 155 | 156 | 157 | 158 | 139 | 160 161 162 | 163 | 164 | 165 | 166 | 167 | 168 P
p E E 141 | 142 | 143 | 144 | 145 | 146 | 147 | 148 | 1490 | 150 [ 151 | 152 | 153 | 154 | 155 | 156 | 157 | 158 | 159 | 160 161 162 | 163 | 164 | 165 | 166 | 167 | 168 P
p E E 141 | 142 | 143 | 144 | 145 | 146 | 147 | 148 | 149 | 150 [ 151 | 152 | 153 | 154 | 155 | 156 | 157 | 158 | 159 | 160 161 162 | 163 | 164 | 165 | 166 | 167 | 168 P
cf c2 c3 cd ch cfi of cf cd cld !l el 13 ol cls 16 cl?7 el 19 20 21 c2? c23 c24 c2b c2f c2i ¢ c29 c30 cit c32
P E E 169 | 170 | 1M 172 | 173 | 174 | 175 | 176 | 477 | 176 | 179 [ 180 | 181 182 | 183 | 184 | 185 | 186 | 187 | 188 189 190 | 191 192 193 | 194 [ 195 | 196 P
p E E 169 | 170 | 1T 172 | 173 | 474 | 175 | 176 | 477 [ 478 | 179 [ 180 | 184 182 | 183 | 184 | 185 | 186 | 187 | 188 189 190 | 191 192 193 | 194 [ 195 | 196 P
P E E 169 | 170 | 1M 172 | 173 | 174 | 175 | 176 | 477 | 176 | 179 [ 180 | 181 182 | 183 | 184 | 185 | 186 | 187 | 188 189 190 | 191 192 193 | 194 [ 195 | 196 P
p E E 169 | 170 | 1T 172 | 173 | 474 | 175 | 176 | 477 [ 478 | 179 [ 180 | 184 182 | 183 | 184 | 185 | 186 | 187 | 188 189 190 | 191 192 193 | 194 [ 195 | 196 P
P E E 169 | 170 | 1M 172 | 173 | 174 | 175 | 176 | 477 | 178 | 179 [ 180 | 181 182 | 183 | 184 | 185 | 186 | 187 | 188 189 190 | 191 192 193 | 194 [ 195 | 196 P
p E E 169 | 170 | 171 172 | 173 | 174 | 175 | 176 | 177 | 178 | 179 [ 180 | 181 182 | 183 | 184 | 185 | 186 | 187 | 188 189 190 | 191 192 193 | 194 [ 195 | 196 P
cf c2 c3 cd ch cfi of cf cd cld !l el 13 ol cls 16 cl?7 el 19 20 21 c2? c23 c24 c2b c2f c2i ¢ c29 c30 cit c32
p E E 197 | 198 | 199 | 200 | 201 | 202 | 203 | 204 | 205 | 206 | 207 | 208 | 209 | 210 | 21 [ M2 | M3 | M4 [ M5 | 216 | M7 | 218 | 19 | 220 | 2M 222 | 123 | 1M P
p E E 197 | 198 | 199 | 200 | 201 | 202 | 203 | 204 | 205 | 206 | 207 | 208 | 209 | 210 | 211 | M2 | M3 | M4 [ M5 | 216 | M7 | 218 | 219 | 220 | 2 222 | 223 | 24 P
p E E 197 | 198 | 199 | 200 | 204 | 202 | 203 | 204 | 205 | 206 | 207 | 208 | 209 | 210 | A1 | M2 | M3 | M4 [ M5 | M6 | M7 | 2418 | 49 | 220 | 2 222 | 23 | M P
P E E 197 | 198 | 199 | 200 | 201 | 202 | 203 | 204 | 205 | 206 | 207 | 208 | 209 | 210 | 211 | 22 | 213 | 244 [ 245 | 2116 | 27 | 218 | 219 | 220 | 2M 222 | 223 | 24 P
p E E 197 | 198 | 199 | 200 | 204 | 202 | 203 | 204 | 205 | 206 | 207 | 208 | 209 | 290 | 21 | M2 | M3 | M4 [ M5 | 246 | M7 | 28 | 29 | 220 | 2M 222 | 123 | M P
P E E 197 | 198 | 199 | 200 | 201 | 202 | 203 | 204 | 205 | 206 | 207 | 208 | 209 | 210 | 21 [ M2 | M3 | M4 [ M5 | 216 | M7 | 218 | 219 | 220 | 2 222 | 123 | 1M P
cl c2 c3 cd ch cfi ol cf cd ¢l elt el2 13 cl4 cls ¢l eI7  el8  c19  c20 el cf2 23 ¢4 25 26 2V c28  ¢29 30 eH c32
p E E 225 | 226 | 227 | 228 | 229 | 230 | M 232 | 233 | 234 | 235 | 236 | 237 | 238 | 230 | 240 | 241 | 242 | 243 | 244 | 245 | 246 | 247 | 248 A G N N P
p E E 235 | 226 | 227 | 228 | 229 | 230 | M 232 | 233 | 234 | 235 | 236 | 237 | 238 | 230 | 240 | 241 | 242 | 243 | 244 | 245 | 246 | 247 | 248 A G N N P
p E E 225 | 226 | 227 | 228 | 229 | 230 | M 232 | 233 | 234 | 235 | 236 | 237 | 238 | 230 | 240 | 241 | 242 | 243 | 244 | 245 | 246 | 247 | 248 A G N N P
p E E 225 | 226 | 227 | 228 | 229 | 230 | M 232 | 233 | 234 | 235 | 236 | 237 | 238 | 230 | 240 | 241 | 242 | 243 | 244 | 245 | 246 | 247 | 248 A G N N P
P E E 225 | 226 | 227 | 228 | 229 | 230 | M 232 | 233 | 234 | 235 | 236 | 237 | 238 | 239 | 240 | 241 | 242 | 243 | 244 | 245 | 246 | 247 | 248 A G N N P
p E E 225 | 226 | 227 | 228 | 229 | 230 | M 232 | 233 | 23 | 235 | 236 | 237 | 238 | 230 | 240 | 241 | 242 | 243 | 244 | 245 | 246 | 247 | 248 A G N N P
N = Negative control A = Beta actin E = Empty G =GAPDH P = Position marker
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Tagman array gene list

Well |Context Sequence Group Gene Symbol |Gene Name NCBI Reference
A1 [TTGGAGGGCAAGTCTGGTGCCAGCA Molecular function unclassified 185 Eukaryotic 18S rRNA X03205.1

AD2 |GGGCGCCTGGTCACCAGGGCTGCTT Dehydrogenase GAPDH glyceraldehyde-3-phosphate dehydrogenase NIM_002046.3
AD3 |ATGGTCAAGGTCGCAAGCTTGCTGG Glycosyliransferase HPRT1 hypoxanthine phosphoribosyltransferase 1 NIV_000194.2
A4 |GACTGAACAGTCACCGACGAGAGTG Galactosidase GUSB glucuronidase, beta NM_000181.2
AD5 |TCGCCTTTGCCGATCCGCCGCCCGT Actin family cytoskeletal protein ACTB actin, beta NM_001101.3
ADB |TTAAGTGGGATCGAGACATGTAAGC Major histocompatibility complex antigen|B2M beta-2-microglobulin NI_004048 2
AD7 [GAAATGTTTCATTGTGGGAGCAGAC Ribosomal protein RPLPO ribosomal protein, large, PO NM_053275.3
ADB |AATGCGGCTGCAACGGCGGAAGAAA Deaminase HMBS hydroxymethylbilane synthase NM_000190.3
AD9 ITGGGTTTTCCAGCTAAGTTCTTGGA Molecular function unclassified TBP TATA box binding protein M55654 1
A10 [TGGGAACAAGGTTAAAGCCGAGCCA Carbohydrate kinase PGK1 phosphoglycerate kinase 1 NM_000291.3
A1l |TGATCGTCACTTGACAATGCAGATC Molecular function unclassified UBC ubiquitin C NM_021009.4
A12 |TCATCTGCACTGCCAAGACTGAGTG Other isomerase PPIA peptidylprolyl isomerase A (cyclophilin A) NIM_021130.3
B01 [CAACATGAATGCCATTTTCCAAATA Atp-binding cassette (abc) transporter  |ABCA1 ATP-binding cassette, sub-family A (ABC1), member 1 NIM_005502.2
B02 [AGTCTGGCTGCACAGCTCCTAATTC Atp-binding cassette (abc) fransporter  |ABCA12 ATP-binding cassette, sub-family A (ABC1), member 12 NIM_015657.3
B03 |CCATGGGAGACGCCGTGGACCTGTC Atp-binding cassette (abc) fransporter  |JABCA13 ATP-binding cassette, sub-family A (ABC1), member 13 NM_152701.2
B04 |TCCTCAAGGCCAACGAGACTTTTGC Atp-binding cassette (abc) fransporter  |ABCA2 ATP-binding cassette, sub-family A (ABC1), member 2 NIM_001606.4
B05 |CTCAGCTGGGCGAAGGTTTTCGGTA Atp-binding cassette (abc) transporter  |JABCA3 ATP-binding cassette, sub-family A (ABC1), member 3 NV _001089.2
B06 [AGCCCAGGACTGATCTTTCACACCG Alp-binding cassette (abc) fransporter  |ABCA4 ATP-binding cassetle, sub-family A (ABC1), member 4 NIM_000350.2
BO7 |GACCTTGTTGGAATGGCTCTTTTCA Atp-binding cassette (abc) transporter  |JABCAS ATP-binding cassette, sub-family A (ABC1), member 9 NI _080283.3
B08 [AGACATGACCAGGTATGCCTATTAT Atp-binding cassette (abc) fransporter  |ABCB1 ATP-binding cassette, sub-family B (MDR/TAP), member 1 NIM_000927.3
B09 |TTCAAGGGGCTGCCGGCTCTCAGAT Atp-binding cassette (abc) transporter  |ABCB11 ATP-binding cassette, sub-family B (MDR/TAP), member 11 NI _003742.2
B10 [ATCAGCAGCAAACAAAAAAGGAAAA Atp-binding cassette (abc) transporter  |ABCB4 ATP-binding cassette, sub-family B (MDR/TAP), member 4 NIM_000443 3
B11 [TTCAAGGAGCAACAGGTTCCAGGAT Atp-binding cassette (abc) fransporter  |ABCBS ATP-binding cassette, sub-family B (MDR/TAP), member 5 NIM_178559.4
B12 [GCTCAGCTACCTGGTGTTCAATGTC Atp-binding cassette (abc) transporter  |ABCB6 ATP-binding cassette, sub-family B (MDR/TAP), member 6 NIV_005689 1
C01 |TCGTGGCCAACAGGTGGCTGGCCGT Atp-binding cassette (abc) fransporter  JABCC1 ATP-binding cassette, sub-family C (CFTR/MRP), member 1 NIM_004996.3
C02 |GATGCGCGGGTTAAGCTTGTGACAG Atp-binding cassette (abc) transporter  |JABCC10 ATP-binding cassette, sub-family C (CFTR/MRP), member 10 NIM_033450.2
C03 [TGCTCTCAGGAACCATCAGATTCAA Atp-binding cassette (abc) transporter  |JABCC11 ATP-binding cassette, sub-family C (CFTR/MRP), member 11 NIM_032583.3
C04 |[CCGCACCCGTGGCATTTAGTGTGAT Atp-binding cassette (abc) transporter  |JABCC12 ATP-binding cassette, sub-family C (CFTR/MRP), member 12 NIM_033226 2
C05 [CACCTCCAACAGGTGGCTTGCAATT Atp-binding cassette (abc) transporter  |ABCC2 ATP-binding cassette, sub-family C (CFTR/MRP), member 2 NIM_000392.3
C06 [TCCACAGCTGCTCAGCATCCTGATC Molecular function unclassified ABCC3 ATP-binding cassette, sub-family C (CFTR/MRP), member 3 AB010887 1
CO7 [AACAGCAAAACAGGTATACTTCAAA Alp-binding cassette (abc) transporter  |ABCC4 ATP-binding cassetle, sub-family C (CFTR/MRP), member 4 NIM_005845.3
C08 [AACTCGACCGTTGGAATGCCAAGAT Alp-binding cassette (abc) transporter  [ABCCS ATP-binding cassette, sub-family C (CFTR/MRP), member b NM_001023687.1
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C09 [ACGCAGGAGAGAAGGTGGGCATCGT Atp-binding cassette (abc) fransporter  [ABCC6 ATP-binding cassette, sub-family C (CFTR/MRP), member 6 NM_001171.5
C10 |GGCCATGAGGTGGAGCTGGCCCTGC Transporter ABCD1 ATP-binding cassette, sub-family D (ALD), member 1 NN _000033.3
C11 [GCAAAGAATGGCGATGGCAAGATTA Transporter ABCD3 ATP-binding cassette, sub-family D (ALD), member 3 NIM_002858.3
12 [CGAAGTACGCAGTGCTTGATGAAGC Transporter ABCD4 ATP-binding cassette, sub-family D (ALD)), member 4 NR_003256 2
D01 |JAAGCTGACACCGACCCATGGGGAAA Atp-binding cassette (abc) transporter  |ABCF1 ATP-binding cassette, sub-family F (GCN20), member 1 NM_001025091.1
D02 [TGGAGGCAAATCTTCGTTATTAGAT Transporter ABCG2 ATP-binding cassetle, sub-family G (WHITE), member 2 NIM_004827.2
D03 JCTGACTTCTATGTGGACCTGACCAG Transporter ABCGS ATP-binding cassette, sub-family G (WHITE), member 8 NN _022437 2
D04 [CGCAATGACCTGGCTGATGGTGTGA Molecular function unclassified AQP1 aquaporin 1 (Colton blood group) NM_198098.1
D05 [CCGGGCACAGGCGGTCCACCCGTGG  |Other transporter AQP7 aquaporin 7 NIM_001170.1
D06 |TCTTGATTGTCCTTGGATGTGGCTG Molecular function unclassified AQPY aguaporin 9 NM_020980.3
D07 [GACTATTCGTGGGCATGATCCTGAT Cation transporter ATPBYVOC ATPase, H+ transporting, lysosomal 16kDa, VO subunit ¢ NIM_001694.2
D08 [CCTCATCACAGGGGAGGCAATGCCT Cation transporter ATPTA ATPase, Cu++ transporting, alpha polypeptide NIM_000052.4
D09 [AACATTGAGCTGACAATCACAGGGA Cation transporter ATP7B ATPase, Cu++ transporting, beta polypeptide NM_001005918.1
D10 [TGGCCTACAACTGGCACTTTGAGGT Ribonucleoprotein MVP major vault protein NIM_017458.2
D11 |ATGAACCTCAGCATTGTGATGACCA Cation transporter SLC10A1 solute carrier family 10 (sodium/bile acid cotransporter family), member 1 NI _003049 .2
D12 [TTCTTAGGATTTTATGTGGCATACA Cation transporter SLC10A2 solute carrier family 10 (sodium/bile acid cotransporter family), member 2 NM_000452.2
E01 JAGCAAACAGTGGGCCGAGTACATIC Molecular function unclassified SLC15A1 solute carner family 15 (oligopeptide transporter), member 1 1J21936.1

E02 [GGTTGGGAAAATTCAAGACAATCAT Other transporter SLC15A2 solute carrier family 15 (H+/peplide transporter), member 2 NM_021082.2
E03 [GGCCACCACTTTTAGGTCGGCTCAA Other transporter SLC16A1 solute carner family 16, member 1 (monocarboxylic acid transporter 1) NN _003051.3
E04 [CTACTTGCAGGTCCTTTCCTTCCTG Other transporter SLC16A2 solute carrier family 16, member 2 (monocarboxylic acid transporter 8) NM_008517.3
E05 |CCCTTCGGGAGGCAAACTCCTGGAT Other transporter SLC16A3 solute carner family 16, member 3 (monocarboxylic acid transporter 4) NM_001042423.1
E06 |GCGGGAGCAGGTCACGAACGAGATC Other transporter SLC19A1 solute carrier family 19 (folate transporter), member 1 NIV _194255 1
EO07 [GAAATTACCACTCAGTTTTTGATCT Other transporter SLC19A2 solute carrier family 19 (thiamine transporter), member 2 NIM_006996.2
E08 [TATAACCATAGCAGTATTTCAGATT Other transporter SLC19A3 solute carrier family 19, member 3 NIM_025243.3
E09 [GATGTACCTGTGGTTCACGGACTCT Cation transporter SLC22A1 solute carrier family 22 (organic cation transporter), member 1 NIV_153187 1
E10 [CGAAAATATGCAAAGACCAAGAAAA Cation transporter SLC22A2 solute carrier family 22 (organic cation transporter), member 2 NI _003058 2
E11 [AAAAACTTGGCAGTCCACATTCCTG Cation transporter SLCZ22A3 solute carrier family 22 (extraneuronal monoamine transporter), member 3 NM_021977 2
E12 [TCTCCATGCTGTGGTTTGCCACTAG Other transporter SLC22A6 solute carrier family 22 (organic anion fransporter), member 6 NIV_153276.1
FO1 |CTCAGCCTCTGGTGGGTGCCTGAGT Other transporter SLC22A7 solute carrier family 22 (organic anion transporter), member 7 NIM_153320.2
F02 |CACCTTTGTGCCCTTGGACTTGCAG Other transporter SLC22A8 solute carrier family 22 (organic anion fransporter), member 8 NIM_004254.2
FO3 |GTCCTTTACGAGATTTGCAAACTTT Other transporter SLC22A9 solute carrier family 22 (organic anion transporter), member 9 NIM_080866.2
FO4 |CTGGAGGCTGCGCTGGAGGCTCCCA Calmodulin related protein SLC25A13 solute carrier family 25, member 13 (citrin) NM_014251.2
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FO5 |CTTCTCCAGATGGAGGAACCTGCAG Other transporter SLCZ28A1 solute carrier family 28 (sodium-coupled nucleoside transporter), member 1 NM_201651.1
FO6 |TACCAGAGGAGGAGTCGGTGGCCTT Other transporter SLC28A2 solute carrier family 28 (sodium-coupled nucleoside transporter), member 2 NM_004212.2
FO7 |GCCAAAGTCTGTTGAGCAGCACTGT Other transporter SLC28A3 solute carrier family 28 (sodium-coupled nucleoside transporter), member 3 NM_022127 1
FO8 |GCCTCAGGACAGATACAAAGCTGTC Other transporter SLC29A1 solute carrier family 29 (nucleoside transporters), member 1 NIM_001078174.1
FO9 [TTCCTGTGGCCAGACGAGGACAGCC Other transporter SLC29A2 solute carrier family 29 (nucleoside transporters), member 2 NM_001532.2
F10 |GCACTGCTGGAGCAGCTACCCTGGA Carbohydrate transporter SLC2A1 solute carrier family 2 (facilitated glucose transporter), member 1 NN _006516.2
F11 |CTTGGAAGAATCAAAGCCATGTTAG Carbohydrate transporter SLC2A2 solute carrier family 2 (facilitated glucose transporter), member 2 NM_000340_1
F12 |GGGGACACAGAAGGTCACCCCAGCT Molecular function unclassified SLC2A3 solute carrier family 2 (facilitated glucose transporter), member 3 M20681.1
G01 |TGTTGGGCAACAGATGCTGAGCTTT Cation transporter SLC31A1 solute carrier family 31 (copper transporters), member 1 NM_001859.3
02 [AAAAGATTGGGGCTTTGTTCTTCCT Other transporter SLC38A2 solute carrier family 38, member 2 NM_018976.4
03 |GAGCTCTGCCGGCCCTCCAAGCGCA Other transporter SLC38A5 solute carrier family 38, member 5 NM_033518.2
04 |[CCGGCAGATACAGGTTCATGGGGAC Other transporter SLC3A1 solute carrier family 3 (cystine, dibasic and neutral amino acid transporters), member 1 |NM_000341.3
G05 |GCTGCCCTTCCTGGACAGCCTATGG Other miscellaneous function protein SLC3A2 solute carrier family 3 (activators of dibasic and neutral amino acid fransport), member 2 [NM_001012661.1
G06 |TGAAATAGAAACACAAGTTCCTGAG Carbohydrate transporter SLCHA1 solute carrier family 5 (sodium/glucose cotransparter), member 1 NIM_000343 .2
GO7 |TGATGGTGTTGAAGAAGATTATCCT Carbohydrate transporter SLCHA4 solute carrier family 5 (low affinity glucose cotransporter), member 4 NM_014227.2
G08 |CATATGCTGGCTGGTTTTACCTCAA Amino acid transporter SLCT7A11 solute carrier family 7, (cationic amino acid transporter, y+ system) member 11 NM_014331.3
G098 [GCGTGCTGCTGCTCACGGCCGTGAA Amino acid transporter SLCTAS solute carrier family 7 (cationic amino acid fransporter, y+ system), member 5 NM_003486.5
10 [CTGTTCAATTGCACCATGGCACTCA Amino acid transporter SLCTAS solute carrier family 7 (cationic amino acid transporter, y+ system), member 6 NIV_0010767851
G11 |CTCTTCAATGGTATCATGGCATTGA Amino acid transporter SLCTA7 solute carrier family 7 (cationic amino acid transporter, y+ system), member 7 NM_001126105.1
(512 |CCCCCGCCCCATCAAGATCAACCTG Amino acid transporter SLCTA8 solute carrier family 7 (cationic amino acid transporter, y+ system), member 8 NN _182728.1
HO1 [AGAAAATCTCAAAGCCGATTACCAT Amino acid transporter SLCTA9 solute carrier family 7 (cationic amino acid transporter, y+ system), member 9 NIM_001126335.1
HO2 [GTTCTCTTGAGGTGTATGAAATCTG Other transporter SLCO1A2 solute carrier organic anion fransporter family, member 1A2 NIM_134431.3
HO3 [TTCCACATCATTTTCAAGGGTCTAC Other transporter SLCO1B1 solute carrier organic anion fransporter family, member 1B1 NM_006446.3
HO4 [ACTTTTTGTTGGGAATCATAACCAT Other transporter SLCO1B3 solute carrier organic anion fransporter family, member 1B3 NIM_019844.2
HO5 |CTTGCTGGCCTGGCTGCCATCTCCA Other transporter SLCOZA1 solute carrier organic anion transporter family, member 2A1 NM_005630.2
HO6 [CTGCCAGGAAGGGCAAGGACTCTCC Other transporter SLCOZB1 solute carrier organic anion fransporter family, member 2B1 NIM_007256.2
HO7 |JCTCGCTCTATATAGGAATCCTGTTC Other transporter SLCO3A1 solute carrier organic anion transporter family, member 3A1 NM_013272.2
HO8 [AGACCTGCCTCTCTCCATCTGGCTC Other transporter SLCO4A1 solute carrier organic anion fransporter family, member 4A1 NM_016354 3
H09 [GAACCAGACAGGTAACATCATGTCT Transporter TAP1 transporter 1, ATP-binding cassette, sub-family B (MDR/TAP) NI _000593.5
H10 [CGCCATCAGGAAGTGCTTCGGGAGA Transporter TAP2 transporter 2, ATP-binding cassette, sub-family B (MDR/TAP) NM_000544.3
H11 [TTCAGTGGTAGACTCGGGGAGAACT Voltage-gated ion channel VDAC1 voltage-dependent anion channel 1 NIM_003374.1
H12 |[GCTGCAGTCCTGCAGTCACCTATAC Voltage-gated ion channel VDAC2 voltage-dependent anion channel 2 NIM_003375.2
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Tagman array plate layout
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Appendix 2A — The Effect of PSC-833 and Verapamil on Rhodamine-123 Efflux
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Figure 2A: PSC-833 and verapamil specifically inhibit ABCB1 function

K562 and K562-Dox cells were stained with rhodamine-123 and fluorescence determined in the
absence and presence of PSC-833 and verapamil. Data demonstrate that in K562-Dox cells PSC-833
inhibits ABCB1 function. While not as potent an inhibitor of ABCB1, verapamil also inhibits ABCB1 and
is thus a reliable and selective alternative. No significant effect of either inhibitor was observed in K562
cells which express negligible levels of ABCB1. Data are representative of typical MFI levels with the

geometric mean of the peaks detailed. The GREY filled histograms represent fluorescent substrate

alone, the BLUE and RED histograms represent PSC-833 and the verapamil respectively.
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Appendix 2B — IC50NLof Resorted K562-ABCG2 Cells
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Figure 2B.1: ABCB1 and ABCG2 protein expression in K562 and K562-ABCG2 cells

K562 (a, b), and K562-ABCG2 (c, d) cells were stained with fluorescently labelled antibodies for ABCB1
(a, ¢) and ABCG2 (b, d) and transporter protein expression levels determined by flow cytometric
analysis. The bold BLACK line represents cells stained with either ABCB1-PE or ABCG2-PE
antibodies, while the GREY filled histogram represents cells stained with corresponding isotype control
antibodies. The percentages displayed denote cells positive for transporter expression. Data are

representative of typical expression levels following cell sorting for ABCG2.
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Appendix 2B — IC50NLof Resorted K562-ABCG2 Cells
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Figure 2B.2: High levels of ABCG2 have no significant effect on IC50NIL in Ber-Abl positive cell
lines

IC50 was determined via incubating cells for 2 h at 37°C in the absence and presence of 0.5 yM Ko143.
Crkl western blot was performed to determine the concentration of nilotinib required to inhibit Ber-Abl
kinase activity by 50%. Data demonstrate that high levels of ABCG2 do not significantly increase
IC50NIL, Similarly, IC50NIL does not significantly decrease upon ABCG2 inhibition in either K562-ABCG2
cells or K562 control cells. The western blot analysis shown is representative of two separate

experiments with the corresponding densitometry analysis representing the mean. NIL=nilotinib.
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Appendix 2B — IC50NLof Resorted K562-ABCG2 Cells
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Figure 2B.3: High levels of ABCG2 have no significant effect on IC50M in Ber-Abl positive cell
lines

IC50 was determined via incubating cells for 2 h at 37°C in the absence and presence of 0.5 uM Ko143.
Crkl western blot was performed to determine the concentration of imatinib required to inhibit Ber-Abl
kinase activity by 50%. Data demonstrate that high levels of ABCG2 do not significantly increase
IC50M.  Similarly, IC50™ does not significantly decrease upon ABCG2 inhibition in either K562-ABCG2

cells or K562 control cells. The western blot analysis shown is representative of two separate

experiments with the corresponding densitometry analysis representing the mean. IM=imatinib.
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Appendix 3A — Cell Death in K562 125 nM NIL and K562 2 yM NIL Cells Determined by Visual Assessment

Figure 3A: K562 125 nM NIL and K562 2 yM NIL cells have significantly decreased TKI-mediated

cell death

Cells were cultured for 72 h in increasing concentrations of a) nilotinib b) imatinib and c) dasatinib and
cell viability assessed visually. Metabolic products from live cells turn the colour of the growth media
from pink to yellow thus allowing a crude assessment of cell viability. Data demonstrate that K562 125
nM NIL cells and K562 2 uM NIL cells have significantly increased survival in the presence of nilotinib
and imatinib when compared with control cells. Increased viability in the presence of dasatinib is not as
obvious. The pictures shown are representative of at least three separate experiments performed in

triplicate. The TKI concentrations are indicated.
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Appendix 3A — Cell Death in K562 125 nM NIL and K562 2 yM NIL Cells Determined by Visual Assessment
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Appendix 3B — Cell Death in K562 125 nM NIL and K562 2 uM NIL Cells Determined by Trypan Blue Staining
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Figure 3B: K562 125 nM NIL and K562 2 uM NIL cells have significantly decreased TKI-mediated

cell death
Cells were cultured for 72 h in increasing concentrations of a) nilotinib b) imatinib and c) dasatinib and

cell death determined by trypan blue staining. Data demonstrate that K562 125 nM NIL cells and K562

2 UM NIL cells have significantly increased survival in the presence of TKIs when compared with control
cells. It is important to note that while trypan blue counts following cytotoxicity assays demonstrate near
complete cell death, Annexin V/7-AAD staining shows a maximum of 40% cell death even at the highest
TKI concentrations. The data shown are representative of at least three separate experiments
performed in triplicate with the corresponding survival curves representing the mean. Data were
normalised to 0 nM TKI with the number of live cells in the absence of TKI set at 100%. Statistical
analyses were performed using Student's t-test with statistically significant p-values denoted by

asterisks and carets representing K562 125 nM NIL and K562 2 uM NIL cell lines respectively (* p<0.05;

** p<0.01; *** p<0.001). Error bars represent SEM. NIL=nilotinib.
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Appendix 3B — Cell Death in K562 125 nM NIL and K562 2 uM NIL Cells Determined by Trypan Blue Staining
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Appendix 3C - The Effect of Cyclosporin on Rhodamine-123 Efflux
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Figure 3C: Cyclosporin specifically inhibits ABCB1 function

K562 and K562-Dox cells were stained with rhodamine-123 and fluorescence determined in the
absence and presence of PSC-833 (10 uM) and cyclosporine (10 uM). Data demonstrate that in K562-
Dox cells cyclosporin inhibits ABCB1 function as effectively as PSC-833. No significant effect of either
inhibitor was observed in K562 cells which express negligible levels of ABCBI1. Data are
representative of typical MFI levels with the geometric mean of the peaks detailed. The GREY filled
histograms represent unstained control while the BLACK, BLUE and RED histograms represent

fluorescent substrate alone, PSC-833 and the cyclosporin respectively.
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Figure 3D: K562 resistance intermediates do not carry any Bcr-Abl kinase domain mutations

DNA sequencing of the Ber-Abl kinase domain of K562 control cells and resistance intermediates was conducted and compared with the GenBank ABL
reference sequence. Data demonstrate that neither the control cells nor any of the resistance intermediates contain mutations. Data were analysed using
Mutation Surveyor Version 3.24 with each peak representing a DNA base (A=Adenine; C=Cytosine; G=Guanine; T=Thymine) in the 5’-3’ direction of the ABL
sequence. The base number for both the reference sequence and the sequences of interest are indicated. The amino acid and corresponding residue
number are also indicated. The amino acid sequences exactly match the reference sequence with none of the common kinase domain mutations

summarised in Figure 5.1 present.
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Base Number 735 740 745 750 755 760 765 770 775 780 785 730 795 800 805 810 815 820
TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGGAGGTGTACGAGGGCGT GT GOAAGAAAT ACAGCCTGACGGTGGCCGTGAAGACCTT GAA
TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGOAGGT GTACGAGGGCGTGT GOAAGAAAT ACAGCCTGACGGTGOCCOTGAAGACCTT GAA
TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGGAGGT GTACGAGGGCGT GT GGAAGAAATACAGCCTGACGGTGGCCGTGAAGACCTT GAA

v T T T u T T v T T ; u y " v r T g
1,750 1,800 1,850 1,800 1,950 2,000 2,050 2,100 2150 2,200 2250 2,300 2,350 2,400 2,450 2,500 2,550 2500

Residue Number 245
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ABL Reference Sequence
175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 230 255 260
7000 T GAAGC ACAAGC TGGGCIGGGGGC CAGTACGGGGAGGTIGTACGAGGGCGT GT GGAAGAAAT ACAGCCTGACGGT GGCCGTGAAGACCTT GAA
LY DS S S U —— S——— T RN [ S R I P Lossissentiwsasnin S D fssases

2 000 ..15 ....... w ....... .55 ....... W ....... ‘6‘5 ....... m ....... 7$, ....... m ....... as. ....... w ....... 95 ....... T w ...... 1&5 ....... T fﬂ ...... 115 ....... 1 .zo ....... 1251.3 .....
| G.AAGCA.CAAGCTGGGCGGGGGC CAGT, AC GGGOAGOT GT ACGAGGGCGT GT OGAAGAAAT ACAGCC T‘OACGGT GGCCGT GAA‘GACCTT GAA

1,750 1,800 1,850 1,900 1,950 2,000 2,050 2,100 2.1I50 2,200 2,250 2300 2350 2,400 2,450 2,500 2,550 2,600

45 B B &0 85 70 75 80 83 ) a5 100 105 110 115 120 125 130
TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGIGAGGTIGTACGAGGGCGT GT GGAAGAAAT ACAGCCTIGACGGTGGCCIGTGAAGACCTIT GAA
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825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 905 910
GCAGGACACCATGOAGGTGGAAGAGTTCTTGAAAGAAGCTGOGCAGTCATGAAAGAGATCAAACACCCTAACCTGGTGCAGCTCCTTGGGGTCT(
GAGGACACCATGGAGGTGGAAGAGT TCTTGAAAGAAGCTGOGCAGTCATGAAAGAGATCAAACACCCTAACCTGGTGCAGCTCCTTGGGGTCT(
CAGGACACCATGCCAGGTCGCAAGACGTTCTTCGAAAGAAGCGCTGOGCAGTCATGAAAGAGATCAAACACCCTAACCTGGTGCAGCTCCTTGGGETCT(

2650 2,700 2750 2,800 2850 2900 2,950 3.(.“] 3,050 3.1.(II 3150 32@ 3250 3,300 3,350 3.400 3450 3,500 3,550

2650 2700 2750 2800 2850 2800 2950 3000 3050 3100 3150 3200 3250 3300 3350 3400 3450 3500 3550

140 145 150 155 180 165 170 175 180 185 190 195 200 205 210 215 220 235
AGGAC-ACCATGGAGGTGGAAGAGTITCTFGAALAGAAGCTGCAGTCATGAALGAGATCAAACACCCTAACCT-GGTFGCAGCTCETFGGEGGT-CiT-4
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2650 2,700 2,750 2,800 2850 2,900 2,950 3,000 3050 3100 3150 3,200 3250 3,300 3350 3,400 3450 3,500 3550

15nM
140 145 150 135 160 185 170 175 180 185 190 195 200 205 210 215 20 225
znwjl'GKGGR‘C'A'C'C'AT‘GGA G‘G’T GGAAGAGT Y C'T'TG.KKAG’AA'B'CTGC.&G’T °C} NTGﬂK.AG’AG A‘TC AR KC‘ACC'C'T AECCTGGTGCAGCTICCTTEGGETCTG

2,650 ! ! ! 3000 3050 : 3250 3300 3350
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920 925 930 935 940 945 as50 ass 960 985 970 975 980 Q35 990 995 1000 1
ACCCGGGAGCCCCCOTTCTATATCATCACTGAGTTCATGACCTACGGGAACCTCCTGGACTACCTGAGGGAGTGCAACCGGCAGGAGGT GA
ACCCGOGGAGCCCCCOTTCTATATCATCACTGAGTTCATGACCTACGGGAACCTCCTGOACTACCTGAGGGAGTGCAACCGGCAGGAGGT GA
ACCCGGGAGCCCCCGOTTCTATATCATCACTGAGTTCATGACCTACGGGAACCTCCTGGACTACCTGAGGGAGTGCAACCGGCAGGAGGTGA

= M W s 0 OO~ > O

':_'I!'Il!‘?ll’!!l"f!l‘l’[lll‘"!lllIl-'!\fl!"“'l'l"lf"l'l'Tl\'?l"!’!ll'"lf!!ll“']-'-!"l'ﬂ'i“l"r_:_lll"l
3,700 3750 3,800 3850 3,900 3950 4,000 4,050 4,100 4,150 4,200 4250 4,300 4,350 4,400 4,450

munhllllllllmll I

1000t ---4------k--d}----§1 e e g y——— -kt

SO0 L L84 440 85 E )

3600 3650 3700 3750 3800 3850 3900 3850 4000 4050 4100 4450 4200 4250 4300 4350 4400 4,450
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1010

CCGTGGT G
CCGTGGT G
CCGTGGTG

1ms

1020

CTGCTGT
CTGCTGT
CTGCTGT

1025

1030

1038

1040

ACATGGCCACTCAGATCTCG
ACATGGCCACTCAGATCTCG
ACATGGCCACTCAGATCTCG

1045

TCAGCCATGGAGTACCTGGAGAAGAAAAACTTC
TCAGCCATGGAGTACCTGOAGAAGAAAAACTTC
TCAGCCATGGAGTACCTGGAGAAGAAAAACTTC

1050

1055

1060

1085

1070

1075

1

ATCCA
ATCCA
ATCCA

1085

1080

CAGAGATCTTGCTGCCCG
CAGAGATCTTGCTGCCCG
CAGAGATCTTGCTGCCCG

1095 11

4,750 4,800 4,850 4,900 4,950 5,000 5,050 5100 5,150 5,200 5,250 5,300 $,350 sﬂn
345 350 355 360 365

A T Q 1 s S A M E Y L E K K N F 1 H R D L A A R

A T Q I s s A M E Y L E K K N F l H R D L A A R

A T Q I S S A M E Y L E K K N F | H R D L A A R

05

]

49

4,5&] 4 650 4,700 4750 4,8& ‘,gﬂ:l 4,900 4850 S,dn S,D‘ﬂ] 5100 5150 5,200 5,2“50 5,300 5,3‘3] 5,400
Control
325 330 335 340 345 350 355 360 385 370 375 380 385 330 385 400 405 410
1500} € 9..?.9,9.7. .93‘5 recrm Q.T.’.‘,‘?.‘?.T. GG ,C.?:".?.T. C Al ‘? ATCTCGTC ,‘“ﬁ ce :5?.9.9.’5.‘?,?.:‘. < ?.T.?f?.‘?.‘?.“.ﬁ?.‘.‘. ﬁ‘.".‘?‘.';‘.‘f i 2.1 9‘,“‘, T.?.?.‘?‘.‘? AGA 5’:1‘.7.9’. L ,‘?,C, 16 ?5.9'?
1.000] <<~ --- SO ) sar B rad Shuaupae % | hsesispa. SsoEines $flizaazed oz ATy D, B e L e T Foziouses SSpEuseats P L
ool A& Ll n ) I : bl :, i
j ; ' 1
" 4550 4800 4850 4700 4750 4800 4850 4900 4950 5000 505 5100 5150 5200 5250 5300 5350 5400
15nM . ;
325 330 335 340 345 350 355 380 365 370 375 380 385 330 395 400 405 410
1500 € 9,.7. GGT .?.‘? Jec .r..G.T.‘f‘AC. .‘T.TA G6cC F.‘f‘A‘.:.TA < .‘.‘?.".‘ Ic .T.(.:A?.T. c .‘°.‘.‘? cc ‘.‘.T.‘?.‘.’}".‘ .‘?.T..‘“: < F.TA?."?.‘T GA .‘Ef’. AAAAACTT .c..‘i Tce .‘i*.‘f AGA .°.‘.°‘.T.'.:.T i .‘?.‘i 16 ?_‘.:A?."?
1,000 ....i-... sasiullicsnssasps ......: .......................... I. ................. :.. ......................... ; ................... E.........: ......... i .............
. | 1 r, i A i a
i ’ : W
4550 4800 4650 4700 4750 4800 4850 4300 4950 5000 5050 5100 5450 5200 5250 5300 5350 5400
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1105 1110 1115 1120 1125 1130 1135 1140 1145 1150 1155 1160 1165 1170 175 1180 1185 1190
ILACTGCCTGOTAGGGGAGAACCACTTGGT GAAGGTAGCTGATTTTGGCCTGAGCAGGTTGATGACAGGGGACACCTACACAGCCCATGCTG
AACTOGCCTGGTAGGGOAGAACCACTTGOTCGAAGGTAGCTOGATTTTGOGOGCCTOAGCAGOTTGATGACAGGGGACACCTACACAGCCCATGCTG
AACTGCCTGGTAGGGGAGAACCACTTGOTGAAGGTAGCTGATTTTGGCCTGAGCAGGTTGATGACAGGGGACACCTACACAGCCCATGCTGA
5450 5,500 5550 5,600 5650 5,700 5,750 5,800 5,850 5,800 5850 6,000 6,050 6,100 6150 6,200 6,250 6,300 6,350

370 375 380 385 390 395
N c L Y G E N H % K % A D F G L s R L M T G D T Y T A H A 4
N ¢ L v G E N H L v K v A D G L S R L M T G D ¥ Y T A H A G
N € L ¥ G E N H L v K v A D G L s R L MmoT G D T Y T A H A G

== M W & h D N D

I Hl

5.?50 B

e S E——

'

5,500

5,550 5,600

5,9‘50 s.dm 8,0.50
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735 740 745 750 755 760 765 770 775 780 785 730 785 800 B80S 810 815 520
TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGGAGGTGTACGAGGGCGOTGTGGAAGAAATACAGCCTGACGGTGGCCGTGAAGACCTT GAA
TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGGAGGTGTACGAGGGCGT GTGGAAGAAAT ACAGCCTGACGGTGGCCGTGAAGACCTT GAA
TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGGAGGTGTACGAGGGCGTGTGGAAGAAATACAGCCTGACGGTGGCCGTGAAGACCTTG

T T T T T T T T T T T T T T T T T T

1750 1800 1850 1800 1850 2000 2050 2100 2150 2200 2250 2300 2350 2400 2450 2500 2550 2600
245 250 255 260 265 270
M K H K L G G G Q Y G E v b 4 E G v w K K Y s L T v A v K T L K
™ K H K L G G G Q Y G E v Y E G v w K K Y s L T Y A v K T L K
M K H K L G G G Q Y G E v Y E G v w K K b 4 s L T v A v K T L K
ABL Reference Sequence
_— 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250

TGAAGCACAAGCTGGGCIGGG GG CAGTIACGGGGAGOT GTACGAGGGCOTGTGEAAGAAAT KCAGCCTOACGGTGGCTOTEANGACCTT GAA

ﬁ“' ......... :....,....: ......... :'“"""T ......... : ......... : ......... : ......... .. ......... .. ......... .. ......... :'""""'. ......... :. ......

1750 1800 1850 1900 1850 2000 2050 2100 2450 2200 2250 2300 2350 2400 2450 2500 2550 2,600

s 55 60 63 70 73 &0 83 90 85 100 105 10 115 120 125 130
T G,AAGCACAAGC TG6GC GGGGG‘CCAGT ACGGGGAGGT IGTACGAGGGCIGT GT GGAAGAAAT ACAGCCTIGACGGT Gcccor GAAGACCTIT GAA

M

2.020 2050 ,1CIJ 2150
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825 830 835 840 845 850 855 860 885 870 875 830 885 890 895 900 905 910
GAGGACACCAT GGAGGT GGAAGAGT TCTTGAAAGAAGCTGCAGTCATGAAAGAGATCAAACACCCTAACCTGOGTGCAGCTCCTTGGGGTC T
CAGGACACCATGCGAGCTGCAAGAGTTCTTGCGAAAGAAGCTGCAGTCATGAAAGAGATCAAACACCCTAACCTGOTGCAGCTCCTTGGGGTCTY
GAGGACACCATGGAGGT GGAAGAGTTCTTGAAAGAAGCTGCAGTCATGAAAGAGATCAAACACCCTAACCTGGTGCAGCTCCTTGGGGTCT

2650 2,700 2750 2800 2850 2,900 2950 3,000 3,050 3,100 3,150 3,200 3250 3,300 3350 3400 3450 3,500 3,550
275 280 285 290 295 300 3
E D M E ¥ E E F L K E A A V WM K E | K H P N L ¥V @ L L 6 VvV
E D T M E ¥ E E F L K E A A V M K E 1 K H P N L ¥V @ L L 6 V
E D T ™M E V¥ E E F L K E A A ¥ M K E | K H P N L ¥ @ L L 6 V¥ (
ABL Reference Sequence
10,000 ------- 20 2;5 ...... 2au AAAAAA 285 290 285 300, aqs ______ 31,u ______ 315 ______ 330 ______ - 3:;1 ______ 3. z.qu ______ 5. 380 355

L T L L . Bl L ) Ly v L
2550 2,700 2,750 2,800 2850 2,800 2950 3,000 3,050 3,100 3,150 3,200 3,250 3,300 3,350 3,400 3450

25000 -~ 140 ....... 14.5 ,,,,,, 1 50.. — ,155 ...... 1&0 ....... 185 - 170 Aqfe-r 151: ...... 18 190 195 ...... mo ...... zqs ....... 310 ...... 21 rT— 333 ...... 235

3

! N O O AN N T N N T N R N N s SR N S
1 000 k-~ ffo-=evzrzees- 3 & T ,,,,,,,,:: rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr | - rrrrrrrrrrr :- wange fhoncdea
y : A 1L :
00 . r 1 | ] | |
0 ' ' :
2650 2,700 2,750 2,800 2,850 2,900 2,950 3,000 3,050 3,100 3,150 3,200 3,250 3,300 3,350 3,400 3,450 3,500 3,550

2,650 2,700 2,750 2,800 2,850 2,900 2950 3,000 3,050 3,100 3150 3,200 3,250 3,300 3,350 3,400 3,450 3,500 3,550

Sa)eIPAWIB)U| B0UBJSISAY Z9GY Ul SisAjeuy uonenpy — ae xipuaddy



- €ee-

T

920 925 930 935 940 945 950 955 960 965 970 975 980 985 930 995 1000 1008
ACCCGGOGGAGCCCCCOGTTCTATATCATCACTGAGTTCATGACCTACGGGAACCTCCTGGACTACCTGAGGGAGTGCAACCGGCAGGAGGT GA
ACCCGBGAGCCCCCOGTTCTATATCATCACTGAGTTCATGACCTACGBGGAACCTCCTGOACTACCTGAGGGAGTGCAACCGGCAGGAGGT GA
ACCCGGGAGCCCCCOGTTCTATATCATCACTGAGTTCATGACCTACGGGAACCTCCTGGACTACCTGAGGGAGTGCAACCGGCAGGAGGT GA
3,BICO 3,BI50 3,700 3,750 3,800 3,8.50 3,800 3,850 4,000 4,050 4,100 4,150 4,200 4,250 4,300 4,350 4,400 4,450

315 320 325 330 335
i 7 R E P F Y | T E F M T Y G N L L D Y L R E C N R Q E v
T R E P F Y | T E F M T & G N L L D Y L R E C N R Q E v
T R E P F Y 1 T E F M T Y 6 N L L D Y L R E ¢ N R @ E v
ABL Reference Sequence
AL mAL ] o i GRS~ s M o T T i ey v R T P L
8,000t & CICCOBOAQCCELCCET TCT AT A"FC ATC#CT &A'OTTC#:T O AC- C“‘F-ACOG’GAACC‘T CC'TO’G'AC'I’ ACC%‘ONG‘GGAG‘T oc A-A’C CGGC QOOAG‘G?-G‘A
?"'1"""""'""""'. ........ e f .................. : .................. IL,....-”—I .............................................. :. .................. e - TR
BO0} == < 4=+=snmanibisasosaatizanridas ................... R e e R . [T T [Pyt SUESrties bedpvsasbbavaineg ; .................
5.000 '. - . ......... l .................. ................. '...: .......................................... . ................ ' ........ shessdei
000 <<+ Sas s t : P T PR et AP | RO | § S b s 240 £ Ly o | 2 | PRIOOyS St | (e g Sreeny e
30000 N4 LA. : ; il N '» UL W O I |
2,000 : : : at -- M
1,000 M- 1 IR ‘RIS - ' ! N -l SIAIRTANRIBIRIRIRIQIRIATRIRIE i ! i
35600 3650 3,700 3,750 3,800 3850 3,900 3,950 4,000 4,050 4,100 4,150 4,200 4,250 4,300 4,350 4,400 4,450

20008 - - -

S00

S,EI.II 3.3[50 S,F:CIJ 3,;&3 3,3'00 3,3.50 B,I‘EI 3,§SO 4.&]) 4,050 4.1.III 4150 4,200 i,ZISD 4,3;II 4,550 4,400 4450
50nM
225 20 20540 1245 250 1258 260 285 o= - 280
| i il
3500 3850 3700 3750 3800 3850 3800 3950 4000 4050 4400 4150
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CCOTGGTOGCTGCTGTACATGGCCACTCAGATCTCGTCAGCCATGOAGTACCTGOAGAAGAAAAACTTCATCCACAGAGATCTTGCTGCC
CCOGTGOTGCTOCTGOGTACATGGCCACTCAGATCTCGTCAGCCATGGAGTACCTGGAGAAGAAAAACTTCATCCACAGAGATCTTGCTGCC
TGT TC CATCCA TTGCTGCC

1m0 1ms 1020 1025 1030 1035 1040 1045 1050 1058 1060 1085 1070 1075 1080 1085 1080 1085 1100
G
G
CCGTGGTGCTGC ACATGGCCACTCAGATC GTCAGCCATGGAGTACCTGGAGAAGAAAAACTT CAGAGATC G

4550 4500 4850 4700 4750 4800 4850 4900 4950 5000 5050 5100 5150 5200 5250 5300 5350 5400

3 T T

L L LE d B T Bl L L] 52 R L B LE T
4,550 4600 4,650 4,700 4,750 4,800 4,850 4,900 4,950 5,000 5,050 5,100 5,150 5,200 5,250 5,300 5,350 5400

25nM
325 330 335 345 330 335 380 385 370 375 330 385 390 395 400 405 410
CCGTGGTGCTGCTGTACATGGCCACTCAGATCTCGTCAGCCATGGAGTACCTGGAGAAGAAAAACTTCATCCACAGAGATCTTGCTGCCCG

4,550 4,600 4650 4,700 4750 4,800 4,850 4,900 4,950 5,000 5,050 5100 5150 5,200 5,250 5,300 5350 5,400
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1105 1110 1115 1120 1125 1130 1135 1140 1145 1150 1185 1160 1165 1170 1175 1180 1185 1190
IAACTGCCTGGTAGGGGAGAACCACTTGGT GAAGGTAGCTGATTTTGGCCTGAGCAGGTTOGATGACAGGGGACACCTACACAGCCCATGCTG(
AACTGCCTGOGOTAGGOGOGAGAACCACTTGOGOTGAAGGTAGCTGATTTTGGOGCCTGAGCAGGTTOGATGACAGGGOGGACACCTACACAGCCCATGCTGC
ILACTGCCTGGTAGGGGAGAACCACTTGGT GAAGGTAGCTGATTTTGGCCTGAGCAGGTTGATGACAGGGGACACCTACACAGCCCATGCTGA

5450 5500 5550 5§00 S50 5700 5750 5800 5850 5300 5950 6000 6050 6100 6150 6200 6250 6300 6350

- N W s DN @

J T . S T "t g T T . B T " L - !
5,450 5,500 5,550 5,600 5,850 5,700 5,750 5,800 5,850 5,900 5,950 6,000 6,050 6,100 6,150 6,200 6,250 6,300 6,350

25nM
e AR R A D . . L L. L . . I B R R R B |
1400088 C T-GCCTGOTACOCCGACAACCACTTOOT CAAGETAGCTGATTTTOOCCTGAGCACETTGATGACAGEGGACACCTACACAGTECAT TG
1 UL S S i) ol e ool it M Tl T S ol | el i i o s ot s :
1 e Tt FASER Tt K sisve e e suin S s eahed R aieavee e R e e Ry b ivaseidseaeeis e i e !
HT | S— S —— :
5750 5800 5850 5900 5350 6000
50nM
vl 10 WS @0 s W30 A% 440 W5 40 @ss 480 W65 4I0 475 480 @ss 40 4% 40
1' A ACTOCCTOGT AGGG G AGARCCACTT GET GAAGS T AGCT AT TTITOOCCTIGAGCAGOT T GATGACAGGOGACACCTACACAGBCCCATIGCTG
O o ilidedd wooeg oo el (GO¥ B SROONE ol AL b ooyt 8 S A e e wALEY e oA PLCL PR e {
PO b waenn fend s et s s e T e A R s e e v e e e e S e b e e e i ol e il ol e i e
o 11 Y | S | NP U T—— [ | P —- | S——— — | P S | N N / FU .| WL\, ST S W17 "I ..‘.....“,..,.‘...,.A.,..“..: .......
BOOL -+~ - L FFFF 2 A-R4A-R - ---H-h- g dd-a J444 B0 --A-R-A1---- I {BR-- - - == F - == - e s e e “..:' -
DOy ' - H-l- ' ' '
00 L VU EUSOAT A VLY , AT
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735 740 745 750 755 760 765 770 775 780 785 790
TGAAGCACAAGCTGOGGCGGGGGCCAGTACGGGGAGGTGTACGAGGGCGTGT GGAAGAAAT ACA
TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGGAGGTGTACGAGGGCGTGTGGAAGAAAT ACA
TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGGAGGTGTACGAGGGCGTGTGGAAGAAAT ACA

795 800 805 810 815 820

GCCTGAC
GCCTGAC
GCCTGAC

GGTGGCCGOGTGAAGACCTT GAA
GGTGGCCGTGAAGACCTTGAA
GGTGGCCGTGAAGACCTTGAA

T

1750 1800 1850 1800 1850 2000 2050 2100 2450 2200 2250 2300 2350 2400 2450 2500 2550 2600

5
(4]

2 250 255 260 265 27
M K H K L 66 G 6 @ Y 6 E vV ¥ E 6 ¥ W K K ¥ § L T WV A ¥V K T L K
M K H K L 6 6 6 @ Y 6 E ¥ ¥ E 6 ¥ W K K ¥ S L T ¥ A ¥ K T L K
M K H K L 6 6 6 @ ¥ 6 E ¥ ¥ E 6 ¥V W K K Y s L T ¥ A ¥ K T L K
ABL Reference Sequence
175 150 185 190 195 200 205 210 215 220 225 230 235 240 245 255 260
7,000 TGAAGCACAAGTTGEGCIG6GGGT CAGTIACGGGGAGGTIGTACGAGGGCOTGTGGAAGAAAT KCAGCCTGACGGTGGCCGTGRAGACCTTGAA

2,100 2,150 2,200 2,250

TSnM
s . s . 6 . e . g0 . 75 . @ . 8 . 8 . 9 . 100 . 105 . 10 . 15 . 12 . 125 . 130 | 135
: TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGGAGGTGTACGAGGOCGTGTGGAAGAAATACAGCCTGACGGTGGCCGTGAAGACCTTGAA
s N SABACASAADE b bl et b R R R e A N N I s o RO o, gkt skl
; : I f :
1000f ----+--ccmmmra e } ................................................................................................. i s PR i v i - T T—
5000 AN KA AA vt A ‘Th" SHHEA “taf-t
|
1750 1800 1850 1800 1850 2000 2050 2400 2450 2200 2250 2300 2350 2400 2450 2500 2550 2600
100 nM
43 50 55 60 63 70 73 80 85 90 95 100 105 110 115 120 125 130
TGAAGCACAAGCTGGGCIGGGGGCCAGTACGGGIGAGOT:GTACGAGGGCGT GT GGAAGAAAT ACAGCCTGACGGTGGCCIGTGAAGACCTT GAA
by e el pet et e i Pk ts St e LR bR el LBt L FR b S Re e b i iAot i Lt Sae el S Lo e
1000 -t R SR A S S - I | I SN S— ! | I LR B enaces 8, - fnsoracen
11 L R S 11 : '

1750 1800 1850 1900 1950 2000 2050 2100 2150 2200 2250 2300 2350 2400 2450 2500 2550 25500
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825 830 835 840 845 850 855 860 865 870 875 880 88s 890 8as 900 a0s a0
GAGGACACCATGGAGGT GOAAGAGT TCTTGAAAGAAGCTGCAGTCATGAAAGAGATCAAACACCCTAACCTGGTGCAGCTCCTTGGGGTCT(
GAGGCGACACCATGGAGGTGCAAGAGTTCTTGCGAAAGAAGCTGCAGTCATGAAAGAGATCAAACACCCTAACCTGETGCAGCTCCTTGGGGTCTA(
GAGGACACCATGGAGGTGOAAGAGTTCTTGAAAGAAGCTGCAGTCATGAAAGAGATCAAACACCCTAACCTGGTGCAGCTCCTTGOGGTCTA(

2650 2700 2750 2800 2850 2900 2950 3000 3050 3100 3150 3200 3250 3300 3350 3400 3450 3500 3550
275 280 285 290 295 300 05
E D T M E v E E F L K E A A v M K E ] K H P N L A" Q L L G v E
E D T ] E v E E F L K E A A v ] 28 E 1 K H P N L v @ L L G v (4
E D T ] E \'4 E E F L K E A A A4 M K E I K H P N L \'4 Q@ L L G \'4 g

= MNWaE BN~ WODO

2650 2700 2750 2800 2850 2900 2850 3000 3050 3100 3450 3200 3250 3300 3350 3400 3450 3500 3550

140 145 150 155 160 165 170 175 ! 180 185 180 195 200 205 210 215 220 225
AGGA'CLCCA,TOGAGG-'FO-GA.AGAGITC‘L 'LBAAAGA.A-G-CTGCJLGTCAIBAAAGAGAJCAAA.CACCI:IAACCI G.GI.OX‘.ABC.‘ICCTIB.OGG‘ICT(

2650 2700 2750 2800 2850 2900 2850 3000 3050 3100 3150 3200 3250 3300 3350 3400 3450 3500 3550

100nM
4 140 145 130 135 180 185 170 175 180 185 190 185 200 205 210 215 220 25
2000[CACC A?.&C.C AT GGA '.-'iQT. SGA: 3‘.-9. A QT.T.G LR :‘: AAGAAGCT .Q CAGTC _6.T_ GA A&Q&GAT. CAA Mi. Accc ,T. AACCT GGT .Q.Q AGC .T.CSJ.T, 16 .QQ G _TAQ_T.C
A — L SUUUSUUNR SUPUTIUN U0 DU SRR SRS SOOI SO o, A - s SN [N SUUURUOR SUOUOONT SUROIONS I
1 000ML-B - -} - -------- I. .................... ; ................................... ; ..........................
_____ i (] g,
00 | ! 1 ]
U T r y Y T T

2650 2,700 2,750 2,800 2850 2,900 2,950 3,000 3,050 3100 3150 3,200 3,250 3,300 3,350 3,400 3,450 3,500 3,5.50
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920 925 a30 935 940 945 950 955 960 965 970 a75 Q80 985 930 935 1000 1
ACCCGGGAGCCCCCOTTCTATATCATCACTGAGTTCATGACCTACGOGGAACCTCCTGGACTACCTGAGGGAGTGCAACCGGCAGGAGGT GA
ACCCGOGOAGCCCCCOTTCTATATCATCACTGAGTTCATGACCTACGOGGAACCTCCTGGACTACCTGAGGGAGTGCAACCGGCAGGAGGT GA
ACCCGGGAGCCCCCOTTCTATATCATCACTGAGTTCATGACCTACGGGAACCTCCTGGACTACCTGAGGGAGTGCAACCGGCAGGAGGT GA
3,600 3650 3,700 3,750 3,800 3850 3,900 3,950 4,000 4,050 4100 4,150 4,200 4,250 4300 4,350 4,400 4,450

310 315 320 325 330 335
T R E P P F Y | I ¥ E F M T Y G N L L D Y L R E C N R Q E v
T R E P P F Y | I T E F M T Y G N L L o] Y L R E c N R Q E v
T R E P P F Y | [ T E F M T Y G N L L D Y L R E C N R Q E \4

T L3 Ll
3800 3950 4,000

75nM
OO0 e vo e Bd et 2D, t L MG, 200, 0. 205, 260, ,0..  280 . L., 200, ... b/ - R . . | NN . SO NSO .- 1 FLIOIENtG . - - S NS 1 i YU SOUNOG-. | - TR UEP | JRLIPUNE:. | | LR 7. | |
AC;CCGGG;AGC CC;CCGT T;CT AT A;TC AT C;ACT GA;GT T CA.:T GAC C;T ACGGEGAACC;T CCT GEGACT A_ICC TGA:’GGGAGET GC AA;CCGGC;AGGAG‘:GT GA
1_...{ ......... ..- ......... ,,,,,,,,, . ......... . ......... . ......... .. ......... . ......... .......
1000} -4 oeceecf et : : i hid.... fcesnagal e H-
00 j i 1 1 | ;
| .

T T T T T T T '

3800 3850 3700 3750 3800 3850 3900 3950 4000 4050 4100 4150 4200 4250 4300 4350 4400 4,450

%0 %5 20 295 280 285 290 286 300 305 30 3(5
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T T T T T T T T T T T T T T T T

4,700 4,750 4,800 4,850 4,900 4950 5,000 5,050 5,100 5150 5,200 5,250 §,300 5,350 5,400

T T T T

4,550 4,600 4,9.50 4,700 4,750 4,800 4,850 4,900 4950 5,000 5,050 5,1.(13 5,150 5.3500 5,250 5,300 5,350 5,400

75nM

325 ; 30 ; 335 30 . 345 | 350 355 ; 360 365 ; o370 ; 375 , 380 | 385 , 390 385 ;. 400 405 | 410 ;. a15
15000 € € T.Q‘?,T..‘?‘-T.T. ecT QT.{“.‘?.‘}T.F?QP.?%.‘?.T.‘?.%’Q:“..T.Q.T ?.Q.T.'?ﬂ‘?F.EM 9.9.%.9.7.4.‘3.‘?}.9 ‘?.&‘?ﬁﬁﬁﬁﬁ&é ACTT .C.J}. T.?E.&Q.&.‘?AQ&T.?.TI ‘?E .7.53.‘.3.'.3,?.9
1,000 ------ e Hosmaw el s balleres Bssssisis feasaaie | hodaaead el | L [ S Piman i Hloimss oot

oL " NERF ~H-{43 -= ¥l S T MM P - P R-H-R I - F -4 - iy - - H- gt - -

4550 4800 4850 4700 4750 4800 4850 4900 4950  S000 5050 5100 5150 5200 5250 5300 5350 5400

1010 1015 1020 1025 1030 1035 1040 1045 1050 1055 1060 1085 1070 1075 1080 1085 1030 1095 1400
CCOTGGTOCTGCTOTACATGOCCACTCAGATCTCGTCAGCCATGGAGTACCT GOGAGAAGAAAAACTTCATCCACAGAGATCTTGCTGCCCG
CCOGTGGTGCTGCTOGTACATGOCCACTCAGATCTCOTCAGCCATCGCGAGTACCT GOAGAAGAAAAACTTCATCCACAGAGATCTTGCTGCCCS
CCOTGGTGCTGCTOTACATGGCCACTCAGATCTCGTCAGCCATGGAGTACCTGOAGAAGAAAAACTTCATCCACAGAGATCTTGCTGCCCG

Sa)eIPAWIB)U| B0UBJSISAY Z9GY Ul SisAjeuy uonenpy — ae xipuaddy
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1108 110 115 1120 1125 1130 135 1140
IAACTGCCTGGTAGGGGAGAACCACTTGGTGAAGGTAGCTGATT
ILACTOGCCTOOTAGCGGGAGAACCACTTGOTGAAGGTAGCTGATT
AMACTGCCTGGTAGGGGAGAACCACTTGGTGAAGGTAGCTGATT

145 1150 1155 1160 1185 1170 175 1180 185 1190
TGOGCCTGAGCAGGTTGATGACAGGGGACACCTACACAGCCCATGCTGY
TOGGCCTOAGCAGGTTOATGACACGGGOOACACCTACACAGCCCATGCTG(
TGGC

1
|
-
T CTGAGCAGGTTGATGACAGGGGACACCTACACAGCCCATGCTGA

5450 §,500 5,550 5,600 5,650 5,700 5,750 5,800 5,850 5,900 5,950 6,000 6,050 6,100 6,150 6,200 6,250 6,300 6350

- N W E DN

15@ ..... 430..;...4.25 ...... 430.435;440 -k 445..-....450..~...4.5.5......4ag..\....4as i .47:;.......475,.....433..'....435......43;..-....495......m.;....sos..‘

5550 5600
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735 740 745 750 755 760 765 770 775 780 785 780 785 800 805 810 815 820
TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGGAGGTGTACGAGGGCGTGT GGAAGAAATACAGCCTGACGGTGGCCGTGAAGACCTTGAA
TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGOGAGGTGTACGAGGGCGTGTGGAAGAAATACAGCCTGACGGTGGCCGTGAAGACCTT GAA
TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGGAGGTGTACGAGGGCGTGT GGAAGAAATACAGCCTGACGGTGGCCGTGAAGACCTTGAA

T T T T T T T T T T T T T T T T T T

1,750 1,800 1,850 1,900 1,950 2,000 2050 2,100 2150 2,200 2,250 2,300 2330 2,400 2,450 2,500 2550 2,600

245
K

7 000

250 255 260 265 27
H K L G G G Q Y G E v Y E G v w K K b S L T A A v K T L K
M K H K L 6 6 6 @ Y 6 E V Y E 6 ¥V W K K Y S L T ¥V A V K T L K
M K H K L 6 6 6 Q@ ¥ 6 E VvV Y E 6 V W K K Y S L T v A ¥V K T L K
ABL Reference Sequence _
175 150 185 190 195 200 205 210 215 220 225 230 235 240 245 235 280
TGAAGCACAAGCTGGGCIGGGGBCTAGTACGGGGAGOTIGTACGAGGGCOT GTGOAAGAAAT ACAGCCTGACGGTGGCCOTGAAGACCTTGAA

1 ,?Sl] 1 ,310 1 ,850 1 ,9)) 1,950 2,000 2,050 2,100 2,150 2203 2,250 2,300 2,350 2,400 2,450 i 2,550

125 nM

1,500

1,0004

s ' 55 :+ &0 : 6 ¢ 7O :+ 75 : 80 : 8 ¢+ 9 <+ 9 + 100 :+ 105 ¢ MO : M5 : 120 ¢ 125 : 130 @ 135
TGAAGCACAAGCTGGGCGGGGOCCAGTACOGOGAGGTGTACGAGOGCGTGTGGAAGA&AT&C.AGCCTOACGGTGGCCOTGAA'OACCTTGAA

1 .?:50 1,800 1,850 1,900 1,850 2,000 2,050 2,100 2150 2,200 2,250 2,300 2,350 2,400 2,450 2,ém 2550 2,6@

140nM

 JF 3 P A g T AR R R R 100108, -~ 0711511207128 130r 1%

2250 2300 2350 2400 2450

Sa)eIPAWIB)U| B0UBJSISAY Z9GY Ul SisAjeuy uonenpy — ae xipuaddy
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825 830 335 840 845 50 3 860 865 70 875 880 %8s 390 895 300 305 310
GAGGACACCAT GGAGGT GGAAGAGT TCTTGAAAGAAGCTGCAGTCATGAAAGAGATCAAACACCCTAACCTGGTGCAGCTCCTTGGGGTCT |
GAGGACACCATGOGAGGTGCGCAAGAGTTCTTGAAAGAAGCTGCAGTCATGCGAAAGAGATCAAACACCCTAACCTGOETGCAGCTCCTTGGGGTCTA(
GAGGACACCATGOAGGT GOAAGAGT TCTTGAAAGAAGCTOCAGTCATGAAAGAGATCAAACACCCTAACCTGGTOCAGCTCCTTGOGGTCT

2650 2700 2750 2800 2850 2800 2950 3000 3050 3100 3150 3200 3250 3300 3350 3400 3450 3500 3550
275 260 285 290 295 300 3
E D T M E v E E F L K E A A v M K E 1 K H P N L v Q L L G v q
E oD T M E Vv E E F L K E A A V M K E 1 K H P N L V @ L L 6 Vv (
E o T M E Vv E E F L K E A A Y M K E | K H P N L VvV @ L L 6 Vv (

= MNWasENHIH~NOOO

0 T g T L L . T . T y I . u i I . T . * : y T ™
25850 2,700 2,750 2,800 2,850 2,800 2,950 3,000 3,050 3,100 3,150 3,200 3,250 3,300 3350 3400 3450

125nM

2650 2700 2750 2800 2850 2800 2850 3000 3050 3100 3150 3200 3250 3300 3350 3400 3450 3500 3550

140nM

2 140, 145, 150, 185, T 165, 170; 175, 180, 185, 190,  195: 200, 205, 210, 25,  220. 225
GAOGACACCATGGAGGTGGAAGAGTTCTTGAAAGAAGCTGCAGiCATGA&ﬁGAGATC&A&C&CCCTAACCTGGTGCAGCTCCTTGOGGTCTc

c.' - T Ll - L '; N L r : L L v Ll L) B | I ' L L L}
2650 2,700 2,750 2,800 2,850 2,500 2,950 3,000 3,050 3,100 3150 3,200 3,250 3,300 3,350 3,400 3,450 3,500 3,550

Sa)eIPAWIB)U| B0UBJSISAY Z9GY Ul SisAjeuy uonenpy — ae xipuaddy
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920 925 930 935 940 945 950 955 960 985 970 975 980 985 990 995 1000 1
ACCCGGGAGCCCCCOTTCTATATCATCACTGAGTTCATGACCTACGGGAACCTCCTGGACTACCTGAGGGAGTGCAACCGGCAGGAGGTGA
ACCCOGOCAGCCCCCOTTCTATATCATCACTGAGTTCATGACCTACCGOGAACCTCCTGGACTACCTGCGAGGGAGTGOGCAACCGGCAGGAGGT GA
ACCCGGGAGCCCCCGOTTCTATATCATCACTGAGTTCATGACCTACGGGAACCTCCTGGACTACCTGAGGGAGTGCAACCGGCAGGAGGTGA
3,600 3,650 3,700 3750 3,800 3,850 3,900 3,950 4.[*!] 4,050 4,100 4150 4,200 42.51 4,300 4350 4, 4,450

3,600 3,650 3,700

3,900

3.550

4,000

4,050 4,100 4,150 4,200

Sa)eIPAWIB)U| B0UBJSISAY Z9GY Ul SisAjeuy uonenpy — ae xipuaddy
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CCGTGGTGCTGCTGTACATGOCCACTCAGATCTCGTCAGCCATGGAGTACCT GGAGAAGAAAAACTTCATCCACAGAGATCTTGCTGCCCG
CCGTGGTGCTOCTOTACATOGOCCACTCAGATCTCOTCAGCCATGOAGTACCT GOAGAAGAAAAACTTCATCCACAGAGATCTTGCTGCCCG
CCOGTGOGTGCTGCTOT ACATGGCCACTCAGATCTCGTCAGCCATGGAGTACCTGCGAGAAGAAAAACTTCATCCACAGAGATCTTGCTGCCCG

4550 4600 4850 4700 4750 4800 4850 4900 4950 5000 505 5100 5150 5200 5250 5300 5350 5,400

340 345 350 335 360 365
A Y v L L Y M A T Q | S s A M E Y L E K K N F | H R o] L A A R
A b v L L y M A T Q I s s A M E ¥ L E K K N F 1 H R D L A A R
A v v L L Y M A T Q I S S A M E Y L E K K N F | H R D L A A R

470 475

TGCTOT ACATGGCCACTC

== M W s D N D

T y T y T r T

L L) L) L L) L Ll ¥ 1 L)
4,550 4,600 4650 4,700 4,750 4,800 4850 4,800 4,850 5,000 5,050 5,100 5150 5,200 5,250 5,300 5,350 5,400

125nH
325 330 | 335 . 340 . 345 . 350 . 355 . 360 . 365 . 370 . 375 . 380 , 385 | 390 . 395 . 400 . 405 | 410 . 4fs
CCGTGGTG‘CTGCTGTACATGGCCACTCAOATCTCGTCAGCCATGGAGTACCTGGAGAA_GAAAAACTTCATCCACAGAG‘ATCTTGCTGCCCO

4,550 4,600 4.3'31 4,700 4750 4,800 4,850 4,900 4,950 5,000 5,050 5.1-(1] 5,150 5,200 5,250 5,300 5350 5,400

: :: C'CGT GGT GCTUCT‘UT ﬂCA'T'GU CC"}»C 1°C A'GJET'C" T‘C'G'T'CK”GCCNT'G'G'A'GT?‘CCC’T'GLG'A'GIWUIKA'A'A'CTTC:A'T'C'C'A.’C'A'OKU'RT C TTIG'CTGC"C cG

1.4|| B . . 5 ' ' . ; ‘

1,000
800
600} -
4000

Ll T y T T ' T T T y ' an I ' y T T ' T

4,550 4,600 4,650 4,700 4750 4,800 4,850 4,900 4950 5,000 5,050 5,100 5150 5,200 5,250 5300 5,350 5,400

1010 1015 1020 1025 1030 1035 1040 1045 1050 1055 1080 1085 1070 1075 1080 1085 1080 1095 1100
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1108 1110 115 1120 1125 1130 1135 1140 1145 1150 1158 1160 1165 170 1175 1180 1185 1190
AACTGCCTGGTAGGGGAGAACCACTTGGTGAAGGTAGCTGATTTTGGCCTGAGCAGGTTGATGACAGGGGACACCTACACAGCCCATGCTG(
AACTGCCTGGTAGGGGAGAACCACTTGGTGAAGGTAGCTGATTTTGOGGCCTGAGCAGGTTGATGACAGGGGACACCTACACAGCCCATGCTGA
ILACTGCCTGGTAGGGGAGAACCACTTGGTGAAGGTAGCTGATTTTGGCCTGAGCAGGTTGATGACAGGGGACACCTACACAGCCCATGCTG(

5,450 5,500 5,550 5,600 5,650 5,700 5,750 5,800 5,850 5,900 5,950 6,000 6,050 6,100 6,150 6.2‘£I1 6,250 6,300 6350

N
N
N

0 375

37 380 385 380 385
c L \4 G E N H L v K N4 A D F G L S R L M T G o] T Y T A H A [e
c L v G E N H L v K v A D F G L s R L M T G D T h§ T A H A G
C L v G E N H L v K v A D F G L S R L M T G D T Y T A H A g

5450
60 1400M
. ' 420 425 430 435 4400 445, 450 455 460 465 470 475 480 485 490 495 500! 505:

1,400 KC’T GC CT'G“GT)\ GO’G'GD&'G'&KC‘C’AC 4 O“GT GA‘AGG T ﬂ'GCTG’A‘T ¥- ‘J’TU'GCCT'G‘A'G'C'A"G‘UTT'G’NT'O'.&C &.GG’GGACAC'CTA CTAC AGCCC?{!'I'G'C'T'G'C

5500 5550 5800 S50  S700  S750 5800 5850 5900 5950 6000 6050 6100 6150 6200 6250 6300 6350

5500 5550 5600 5850 5700 5750 5800 5850 5900 5950 6000 6050 6400 6450 6200 6250 6300 6350
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735 740 745 750 755 760 765 770 775 780 785 790 785 500 805 810 815 820
TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGGAGGTGTACGAGGGCGTGT GGAAGAAATACAGCCTGACGGTGGCCGTGAAGACCTTGAA
TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGOGAGGTGTACGAGGGCGTGTGGAAGAAAT ACAGCCTGACGGTGGCCGTGAAGACCTT GAA
TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGGAGGTGTACGAGGGCGTGT GGAAGAAATACAGCCTGACGGTGGCCGTGAAGACCTT GAA

1750 1800 1850 1800 1850 2000 2050 2100 2150 2200 2250 2300 2350 2400 2450 2500 2550 2600
245 250 255 260 265 270
K H K L G G G =] b 4 G E v Y E G v w K K Y S L T v A W K T L K
M K H K L 6 6 6 @ Y 6 E ¥ Y E 6 YV W K K Y S L T ¥ A V¥V K T L K
M K H K L 6 6 6 @ Y 6 E ¥ Y E 6 ¥V W K K ¥ S L T V¥V A Vv K T L K
AB eference sequence = e
75 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 235
70000 T GAAGC ACAAGTT GGGCIGEG GO CAGTACGGGGAGGT OTACGAGOOCOT 0T GEANGAAAT KCAGCCTOATTGTGOCTOTEARGATTTT GAA

2050 2,100 2,150 2,200 2,250 2,300 2,350 2,400 2,450 2,5.03 2,550 2,500

2000 %5 50 : §5 ¢ 60 65 ! 70 ¢ 75 80 85 90 ¢ a5 100 105 110" 115 120! 125 130! 135

TGAAGCACAAGCTGGGCGGGGOCCAGTACGGOGAGGTGTACGAGOGCGTGTGOAAGAAATACAGCCTOACGOTGGCCGTGAAOACCTTGAA
LI 1 e L i LT e B e e T e e B
YT T RN S bsusssnnsdinnnsnsad sz iav becenem AT Y | I ] (NN R— ossasiss AT— | A A, LA USRS | B R
500} - H L A ‘

1750 1800 1850 1800 1850 2000 2050 2100 2450 2200 2250 2300 2350 2400 2450 2500 2550 2600

D0 nM
2000f - - 45 -~ ---- $Q------- ¥ 7 SEE— 60------- - R T — 7 E——— 8---vn-- [ S [ T——— [ T 100 ------ 105------ - M0 ----- [T [ ST T " p— 125------ 430 -----
TGAAGCACAAGCT GGGCGOGGGZ_CCAGTAC GGGGAGGTIGTACGAGGGCGTGT GGAAGAEAAT ACAGCCTGACGGTGGCCIGTGAAGACCTTGAA
1,500¢---- Fomes=ane yerasenenn Coe=man=s Ammeesans Fereesnas fresssassnmisssnann frersssssnmrssanans Freesanes q====assep Freesssssnesnsanss Pres==e=s yremesases Frmemsass qremesases peem—
b5 1 1 T T TR L el TR | FETTRTEES | T PEETTTETE | Eid | sttt I. .....................................................
200 AEANTR AT L I A — 4
v f

1750 1800 1850 1800 1850 2000 2050 2400 2150 2200 2250 2300 2350 2400 2450 2500 2550 2600

Sa)eIPAWIB)U| B0UBJSISAY Z9GY Ul SisAjeuy uonenpy — ae xipuaddy



A

825

830

835

840

GAGGACACCATGGAGGTGGAAGAGT
GAGGACACCATGGAGGT GGAAGAGT
GAGGACACCATGGAGGTGGAAGAGT

845

TCTTG
TCTTG
TCTTG

850

855
AAAGAAGCTGCAG
AAAGAAGCTGCAG
AAAGAAGCTGCAG

860

865

TCA
TCA
TCA

870

TGAAAGAGATCAAACACC
TGAAAGAGATCAAACACC
TGAAAGAGATCAAACACC

875

880

885

CTAA
CTAA
CTAA

890

895

900

CCTGGTGCAGCTCCTTG
CCTGGTGCAGCTCCTTG
CCTGGTGCAGCTCCTTG

2,800

2,350

3,000

3,150

3200

3250

3,300

3,350

3,400

i

2550 ZﬁD zﬁw 2én 2ém zﬁn ziw aﬁn 3,050 3,100 3,150 3jn 3iﬂ 3jn 3,350 3,400 3450 3,500 3,550
200nM
140, 145: 150! 155; 160; 165! 170 175 180; 185! 190; 195; 200; 205, 210; 215; 220, 225:

GAQG&C&CCATGQAGGTGGAAGAQTiﬁllﬁAAAGAAGCTGQ&GICAIGAAAG&GAICAAAC&CCCIAAQQLQGIE&AQCLCLllGﬁﬁﬁTﬁJﬁ

0
2650 2,700

300nM

140
2.000

“:l hlhlhhh“

1 000

2,700

145

2750

150

155

160

165

170

175

180

185

130

195

3100

3,150

210

215

200 225
AGGA@&CCATOGA&GTGOAABAGTTCIIGAAAGLAGCTGCAGTCAIOAAAGAG&TCAA&CACCﬁIAACC!GGtﬁﬁAGCTCCTIOBBGTCT(

3,400

F
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920 925 930 935 940 945 50 955 960 985 970 975 980 a8s 990 935 1000 1004
ACCCGGGAGCCCCCOTTCTATATCATCACTGAGTTCATGACCTACGGGAACCTCCTGGACTACCTGAGGGAGTGCAACCGGCAGGAGGTGAR
ACCCOGGOGAGCCCCCOTTCTATATCATCACTGAGTTCATGACCTACGGGAACCTCCTGGACTACCTGAGGGAGTGCAACCGGCAGGAGGTGAR
ACCCGGGAGCCCCCOTTCTATATCATCACTGAGTTCATGACCTACGGGAACCTCCTGGACTACCTGAGGGAGTGCAACCGGCAGGAGGTGAR

3,600 3,650 3,700 3,750 3,800 3,850 3,900 3,950 4,000 4,050 4,100 4,150 4200 4,250 4,300 4350 4,400 4,450

+ u ¥ y y y u ’ u u -+ y y * y ¥
3,500 3850 3,700 3,750 3,800 3850 3,900 3950 4,000 4,050 4,100 4,150 4,200 4,250 4,300 4,350 4,400 4,450

200nM
230! 235 240: 245 250! 255 260! 265 270 275 260 285 290! 295 300 305 30 315, 32
;&CCCGOGAGCCCCCOT TCT ATATCATCACTGAGTTCAT GACCTACOOGAACCT CCTGGACTACCTGAGGGAGTGC AA'CCGGCAGOAOGT GAR

L=

umhmummnmmulmhmimamnmhm“umnmlmmlmlm.l

3,750 4100 4150 4200 4250 4300 4350 4400 4450

235 240 245 250 255 260 265 270 275 780 285 290 295 360 305 310 315
ACCCGGGAGC CCCCGT TCT AT kTCATCACT GAGTTCA.T GAC CT ACGGGAACCT CCTGGACT ACCTGAGGGAGT GCAACCGGCAGGAO‘GT GA

3,600 3650 3,700 3,750 3,800 3,850 3.9..70 3,950 4,000 4,050 4.1.03 4,150 4,200 4,250 4,300 4350 4,400 4,450

Sa)eIPAWIB)U| B0UBJSISAY Z9GY Ul SisAjeuy uonenpy — ae xipuaddy
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1105 1110 1115 1120 1125 1130 1135 1140 1145 1150 1155 1160 1165 1170 1175 1180 1185 1190

AACTGCCTGOTAGGGOAGAACCACTTGOT GAAGGTAGCTGATTTTOGGCCTOGAGCAGGTTGATGACAGGGOACACCTACACAGCCCATGCTGG
AACTGCCTGGTACGOCGAGAACCACTTOGT CAAGCTAGCTGATTTTOGCCTGAGCAGGTTGOGATGACACGGGOACACCTACACAGCCCATGCTG]
LMACTGCCTGGTAGGGGAGAACCACTTGOT GAAGGTAGCTGATTTTGGCCTGAGCAGGTTGATGACAGGGGACACCTACACAGCCCATGCTGY

T T T T T T T T T T T T T T T T T T T

5450 5,500 5,550 5,600 5,650 5,700 5,750 5,800 5,850 5,900 5950 6,000 6,050 6,100 6,150 6,200 6,250 6,300 6,350

= M W s D D

U= ~ y L y T T

L T T L T i B r L L] L L) B
5,450 5,500 5,550 5,600 5,550 5,700 5,750 5,800 5850 5,900 5,950 6,000 5,050 6,100 £,150 6,200 5,250 6,300 6,350

200nM

1,4008°
1,200t -
1,000 N SR |
BOOY =+~ =< =g=H-cv===
:n__
s00b |

1400415 - 420 ...... 4;5_ ...... T 435 ..... 44.0 ...... 445 ...... 45.0 ...... 455 ...... ;sn ...... 4as ...... Azn ...... qs ...... 430 ...... 4:35 ...... m ...... 435 ...... sqa ..... 39

5,450 5,500 5,550 5,600 5,650 5,700 5,750 5,800 5,850 5,900 5,950 6,000 6,050 6,1'(.’0 6,150 6,200 B.éSO 6,300 6,350

Sa)eIPAWIB)U| B0UBJSISAY Z9GY Ul SisAjeuy uonenpy — ae xipuaddy
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1010 1ms 1020 1025 1030 1035 1040

CCGTGGTGCTGCTOTACATGGCCACTCAGATCTCG
CCGTOGTGOGCTGCTGTACATGGCCACTCAGATCTCG
CCGTGGTGCTGCTGTACATGGCCACTCAGATCTCG

1045 1050 1088 1080 1085 1070 1075 1080 1085 1090 1095 1100

TCAGCCATGGAGTACCTGGAGAAGAAAAACTTCATC
TCAGCCATGGAGTACCTGGAGAAGAAAAACTTCATC
TCAGCCATGGAGTACCTGGAGAAGAAAAACTTCATC

CACAGAGATCTTGCTGCCCG
CACAGAGATCTTGCTGCCCG
CACAGAGATCTTGCTGCCCG

4,550 4600 4650 4,700 4,750 4,800 4,850

4,900 4,950 5,000 5,050 5,100 5,150 $,200

T

5,250 5,300 5,350 5,400

340 345 350 355 360 385
AV V¥ L L ¥Y M A T a 1 s s A M E ¥ L E K K N F I H R D L A A R
A v v L L Y M A T Q I S S A M E Y L E K K N F | H R D L A A R
A ¥V ¥ L L Y M A T @ | s § A M E Y L E K K N F 1 H R D L A A R
ABL Reference Saq
4

= M W & h D N D

5250 5300 5350 5400

1,800 ..m_ ...... ﬁﬂ; ..... 335;| ...... 3401 ..... 3::5; ...... 350‘ ..... 355:....

T .m ..... wsr ...... 3?0' ..... 3?5 ..... ﬁ' ...... m! ..... .m ......

300 nH

4,550 4500 4850 4,700 4,750 4,800 4,850

Sa)eIPAWIB)U| B0UBJSISAY Z9GY Ul SisAjeuy uonenpy — ae xipuaddy
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825 830 835 840 845
GAGGACACCATGGAGGT GGAAGAG

GAGGACACCATGGAGGTGGAAGAG

850

TTCTTY
GAGGACACCATGGAGGT GGAAGAGTTCTT
s i &1 )

855
GAAAGAAG
GAAAGAAG
GAAAGAAG

OO0
— -
QOO
OO0
PR
QOO
- -
[2XsXe]
b

870 875 880
TGAAAGAGATCAAACA
TGAAAGAGATCAAACA
TGAAAGAGATCAAACA

865

[z Xz X3
[z Xz X3

830 835 900 905 910
CTAACCTGGTGCAGCTCCTTGGGGTCT(
CTAACCTGGTGCAGCTCCTTGGGGTCT(
CTAACCTGGTGCAGCTCCTTGGGGTCT(

2650 2700 2750 2800 2850 2,900

295 3000

3150 3200 3250

3,300 3,350 3,400 3450 3,500 3,550

2_ U e e T o s i PPl B bl b n rrTTTY

140,
GAGGACACC

r,

2,000

2,700 2,750

1uM

3,100

3,150

0, y 2
GGTGCAGCTCCTTGGGGT

i o o o e bl e o

Ll ihl

3,400 3450

140; 145; 150 155; 160

165

170

175 180

135; 19 1%

205_- 210; 215; 2 25

SoleIpaLLIaIU| 9JURISISAY Z9GY Ul SisAfeuy uoneiniy — g xipuaddy
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920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 995 1000 1004

9,000
5,000
7,000

6,000} -

Ac€‘€ COBOARCCCLCOTTCT-AT-ATCATCACT- GA'G FTCaT-GAC C“‘FﬂCOGGA‘A'G‘G‘T'GC'T'GG&C F ACC TOAGGGACTOCAACCCOCAOOAGETGA

4000 -~y :-

3,000
2,000
1,000

ACCCGGGAGCCCCCGTTCTATATCATCACTGAGTTCATGACCTACGGGAACCTCCTGGACTACCTGAGGGAGTGCAACCGGCAGGAGGT GAR
ACCCOGGGAGCCCCCGOTTCTATATCATCACTGAGTTCATGACCTACGGGAACCTCCTGGACTACCTGAGGGAGTGCAACCGGCAGGAGGTGAR
ACCCGGGAGCCCCCOTTCTATATCATCACTGAGTTCATGACCTACGGGAACCTCCTGGACTACCTGAGGGAGTGCAACCGGCAGGAGGT GAR
3,600 3,650 3,700 3,750 3,800 3950 3,900 3950 4,000 4,050 4,100 4150 4,200 4,250 4,300 4,350 4,400 4450

310 s 320 325 330 335

T R E P P F Y 1 | g ) E F M T Y G N L L D Y L R E C N R (¢} E v N

T R E P P F Y 1 1 T E F M T Y G N L L D Y L R E C M R Q E v N

T R E P P F ¥ I I T E F M T Y G N L L D Y L R E C N R Q E v N
ABL Reference Sequence _

S 30 35 380 3|5 360 /s 400 ans 40 “us 420 425 430 435 440 445 #50

2,000,

1,500]

1,000

3600 3850 3700 3750 3800 3850 3900 3950 4000 4050 4400 4150 4200 4250 4300 4350 4400 4,450

1|.|M
235 | 240 | 245 . 250 | 255 . 260 . 265 . 270 | 275 . 280 | 285 230 285 | 300 305 . 310 . 315 | 320

ACH CCGGG‘AOC CCC CGTTICT AT ATCATCACT GA‘GTTCAT GAC C‘TACGGGAACC'T CCTGGACT ACC!’GAGGGAGT GCAAC CGGC‘AGGAGGT GA

T T L T T T . I T T T L3 T
3600 3650 3700 3750 3800 3850 3900 3950 4000 4050 4100 4150 4200 4250 4300 4350 4400 4,450
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1010 1ms
CCGTGGT G
CCGTGGT G
CCOTGGT G

1020

CTGCTOT
CTGCTGT
CTGCTGT

1025 1030 1035 1040 1045

ACATGGCCACTCAGATCTCGT
ACATGGCCACTCAGATCTCGT
ACATGGCCACTCAGATCTCGT

1050 1055 1060 1065 1070 1075
CAGCCATGGAGTACCTGGAGAALAGAAAAACTT

CATCCA
CAGCCATGGAGTACCTGGAGAAGAAAAACTTCATCCACAGAGATCT
CATCCA

CAGCCATGGAGTACCTGGAGAAGAAAAACTT

1080 1085 1080 1095 110
CAGAGATCTTGCTGCCCG
TGCTGCCCG
CAGAGATCTTGCTGCCCG

4800 4,850

T T T

4900 4850 5000 5050 5100 5150 5200

T3S 3%07 - 3s8T 3807

'''' 35 370, 315 360, 385 390,

14

1.200¢ -

Lnr--

4700 4750 4300 48
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1105 1110 1115 1120 1125 1130 1135 1140 1145 1150 1155 1160 1165 1170 1175 1180 185 1180
AACTGCCTGGOGTAGGGGAGAACCACTTGGTGAAGGTAGCTGATTTTGGCCTGAGCAGGTTGATGACAGGGGACACCTACACAGCCCATGCTGA
AACTGCCTGGTAGGGGAGAACCACTTGGTGAAGGTAGCTGATTTTGGCCTGAGCAGGTTGATGACAGGGGACACCTACACAGCCCATGCT GG
AACTGCCTGGOGTAGGGGAGAACCACTTGOTGAAGGTAGCTGATTTTGGCCTGAGCAGGTTGATGACAGGGGACACCTACACAGCCCATGCTGG

3 380 385 390 395
N C L v G E N v K v A D F G L s R L M T G o] T Y T A H A G
N c L v G E N H L v K v A D F G L S R L M T G D T Y T A H A q
N [ L v G E N H L v K N A D F G L s R L M T G D L L T A H A e

3,000
700014

550 555 560 565 585 590 595 BO0 605 625" B0
ACI G.C, CIGGI AGGGG.A GAA C,CAC T I,GGI GA.AGG ‘IA,GCI GAT I.T IG,GCCT G,AGCAG.GI I GA.T GAaC AGGGGACACCI ACA.C A,GJ.‘.?CCA,T G.C. TJGrC

T T - L] U N & ] T Al L k] L3 T L L i
5,450 5,500 5,550 5,600 5650 5,700 5,750 5,800 5850 5,900 5950 6,000 6,050 6,100 6,150 6,200 6,250 6,300 6,350
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7,000

735 740 745 750 755 760 765 770 775 780 785 780 785 800 805 810 815 820

TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGGAGGTGTACGAGGGCGT GT GGAAGAAAT ACAGCCTGACGGTGGCCGTGAAGACCTTGAA
TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGGAGGTGTACGAGGGCGTGT GGAAGAAAT ACAGCCTGACGGTGGCCGTGAAGACCTT GAA
TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGGAGGT GTACGAGGGCGTGT GGAAGAAAT ACAGCCTGACGGTGGCCGTGAAGACCTT GAA

245 250 255 260 265 270
M K H K L G G G Q Y G E v Y E G v w K K Y S L T v A v K L K
M K H K L G G G Q Y G E v Y E G v w K K Y s L T v A v K T L K
M K H K L G G G Q Y G E v Y E G v w K K Y S L v A v K T L K

ABL Reference Sequence

175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 250
T G.‘I AGCAC A AGC'T GGGC‘G'G’GGVG'CCKG'T'A’C’GGGGR GGT GT A CUA GGGC GT'GTG'GA'A‘G'A'A’ATKC"A GC CT'G ACGG‘T’G’G’C'C'GTGKA‘G'A’C’C T’T GEX

6,000} ---

5,000; -
4,000} - -

3,000

2,000% -1}-

1,000

v S0 55 1 B0 . BS .70 75 . 80 85 . 80 v 95 » 100 105 ¢ 110 ; 115 ; 120 : 125 : 130 : 135
TGAAGCACAAGCTGGGCGGGGGCCAGTACGGGGAGGT GTACGAGGGCGT GT GGAAGAAAT ACAGCCTGACGGTGGCCIGTGAAGACCTTGAA

1,750 1,800 1,850 1,900 1,950 2,000 2,050 2,100 2,150 2,200 2,250 2,300 2,350 2,400 2,450 2,500

SoleIpaLLIaIU| 9JURISISAY Z9GY Ul SisAfeuy uoneiniy — g xipuaddy



- 9G¢ -

825 830 835 840 845 850
GAGGACACCATGGAGGTGGAAGAGTTCTT
GAGGACACCATGGAGGT GGAAGAGTTCTT
GAGGACACCATGGAGGT GGAAGAGTTCTT

855 860 865 870 875 880

GAAAGAAGC
GAAAGAAGC
GAAAGAAGC

TGCAGTCATGAAAGAGATCAAACA
TGCAGTCATGAAAGAGATCAAACA
TGCAGTCATGAAAGAGATCAAACA

885 8s0 895 900
CCCTAACCTGGTGCAGC
CCCTAACCTGGTGCAGC
CCCTAACCTGGTGCAGC

-
OO0
OO0
- -
- -
OO
(2]
@
(2]
—

2650 2700 2750 2800 2850 2900

2850 3000

3050 3100 3150 3200 3250

2,000
1,500}
1,000;

500,

[=]

2850 2,700 2,750 2,800 2,850

3nm 3150

3,450
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920 925 930 935 940 8945 950 955 980 965 970 975 980 985 930 995 1000 1004
ACCCGGGAGCCCCCGTTCTATATCATCACTGAGTTCATGACCTACGGGAACCTCCTGGACTACCTGAGGGAGTGCAACCGGCAGGAGGTGAR
ACCCGGGAGCCCCCOTTCTATATCATCACTGAGTTCATGACCTACGGGAACCTCCTGGACTACCTGAGGGAGTGCAACCGGCAGGAGGTGAR
ACCCGGOGGAGCCCCCOGTTCTATATCATCACTGAGTTCATGACCTACGGGAACCTCCTGGACTACCTGAGGGAGTGCAACCGGCAGGAGGTGAR
3,600 3650 3,700 3,750 3,800 3,850 3,900 3,950 4,000 4,050 4,100 4,150 4,200 4,250 4,300 4,350 4,400 4,450

310 315 320 325 330 335
T R E P P F Y I 1 T E F M T Y G N L L D Y L R E C N R Q E V. N
T R E P P F Y I I T E F M T Y G N L L D Y L R E C N R Q E v o
L R E P P F Y I I T E F M T Y G N L L D Y L R E C N R Q E v N

W -3,(5 ------ w ------ -3'.;'-5. ------ m ------------ ‘ ............. ‘ 6 ...... as ....... ‘ ------ a zs~...v-m ...... a .............. 5 ...... ‘50
&€ €CGGG‘A0€ CC’C CGT TCT AT~ A‘TC & O :ﬂ:CT GA'GF TC:&-T-GAC C‘T-vlkCOG’GA-A'GG‘T-C-C--T-G’SACF ACC 1- OA‘G—GG AO‘-T GC'AA‘C C"GGC hOGA G‘GFGA B,
. S 0. T ™ (NUPSICTUNNN [P I V) DRORON NN DN NS N P
. : ‘. L i S L s
: : ' : : 1 it L : ‘ : : |

3600 3650 3700 3750 3800 3850 3900 3950

2pM

2

1,500

1.,000;

5004

[=]

© 1238 . 240 . 245 250 ;255 ¢ 280 . 265

270 @S

305 . 30 O3S 320

ACCCGGGAGCCCC CGTTCT AT ATCATCACT GAGTTCAT GACCTACGGlGAACCT CCTGGACT ACCTGAGGGAGTGC.&ACCGGCAGGAGGT GAR

3,650 3,700 3,750

4,000 q,oso 4100 4150 4200 4250

4,3(0 4,350 4,400 4,450
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1010 1015 1020 1025 1030 1035 1040 1045 1050 1055 1060 1065 1070 1075 1080 1085 1090 1085 11
CCGTGGTGCTGCTGTACATGGCCACTCAGATCTCGTCAGCCATGGAGTACCTGGAGAAGAAAAACTTCATCCACAGAGATCTTGCTGCCCG
CCOGTGGTGCTGCTGTACATGGCCACTCAGATCTCGTCAGCCATGGAGTACCT GGAGAAGAAAAACTTCATCCACAGAGATCTTGCTGCCCG
CCOGTGGTGCTGCTOGTACATGGCCACTCAGATCTCOGTCAGCCATGGAGTACCTGGAGAAGAAAAACTTCATCCACAGAGATCTTGCTGCCCG
4550 4,600 4,650 4,700 4,750 4,800 4,850 4,900 4,950 5,000 5,050 5,100 5150 5,200 5,250 5,300 5,350 5,400
340 345 350 355 360 365
A v v L L Y M A T Q I s 3 A M E Y L E K K N F I H R D L A A R
A Y v L L Y M A T Q I S S A M E Y L E K K N F | H R D L A A R
A v v L L Y M A T Q I S s A M E Y L E K K N F I H R D L A A R

; : : : : : :
. ; i ; : ; ; ; ‘ i i : : ; ‘ ;
pocse (NI AN IO WA | SN TN TSR W WO S I - N S N S NN -
30008 - i~ - 1 ] 1| R -A- - - - cipeeee b hogffdl -
2000 {| L fEa LA LA L et . » UL .: : e
1,000 it - b : IRIRAE - [ t A . 3 y
4550 4500 4850 4700 4750 4800 4850 4900 4850 5000 5050 5100 5150 5200 5250 5300 5350 5400
2pM
T 330 | 335 | 340 | 345 | 350 355 | 380 . 385 . 370 . 375 . 380 386 . 390 . 395 . 400 . 405 . 410 . 415
1500 CCGTGGT G'CTGCTGT ACATGGCCACT CAGAT CTCGTCAGCCAT GGAGT ACCT GGAGAAGAAAAACT TCATCCACAGAGAT cTT GCT GCCCG
1.w],l. ,,, , ,,,,,,,, ,,,,,,,,,,,,,, i ,.‘ ,,,,,,,,, .. ,,,,,,,, ‘. ' ,., 777777777 :A: 777777777 ‘ .7- vvvvv
500 bk aen b e g AR ! B Y P A
4550 4500 4650 4700 4750 4800 4850 4900 4950 5000 5050 5400 5150 5200 5250 5300 5350 5400
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1105 110 1115 1120 1125 1130 135 1140 1145 1150 1155 1160 1165 1170 1175 1180 185 1180
ILACTGCCTGGTAGGGGAGAACCACTTGGTGAAGGTAGCTGATTTTGGCCTGAGCAGGTTGATGACAGGGGACACCTACACAGCCCATGCTGA
IAACTGCCTGGTAGGGGAGAACCACTTGGTGAAGGTAGCTGATTTTGGCCTGAGCAGGTTGATGACAGGGGACACCTACACAGCCCATGCTGG
IAACTGCCTGGTAGGGGAGAACCACTTGGT GAAGGTAGCTGATTTTGGCCTGAGCAGGTTGATGACAGGGGACACCTACACAGCCCATGCTGAG

3 3 380 385 390 395
N ¢ L vV G E N H L v K Vv A D F G L ST R L MoT G 0 T Yy T A H A d
N ¢ L Y & E M OH L Y K Vv A D F G L S R L Mm T 6 0 T Y T A H A
N C L vV G E N H L v K ¥V A D F G L S R L MoT G D T Yy T A H A
ABL Reference Sequence
a S80° 555 7 560777 565 510 575 580 585777 90T 5957777 B0 T 605" "7 BO 6157 B20 T 62577 B30 T

! . B39
AACT.GCCIGOTLAGGGGAGAACCACTIGOILGAAGGTAGLCIGAT.T.TIGSGCLT.GAGCAGGIT.CGATGACAGGGGACACLCTACACAGCCCAT.GCTG]

1,600} - -420. .. ;.. . Ot e X 1 I e .~ trapepl gl , : ! : homs e | e |- | ey Hoeppl Y | 1 e e -1 e )
GTAGGGGAGAAC [GACAGGGGACACCTACACAGCCCATGCT G

5,450 5,500 5,SlSO 5,600 5,650 5,700 5,750 5,800 5,850 5,900 5,950 6,000 6,050 s.1bo 6,150 83..‘0 6,250 6,300 6,350
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Appendix 4A - Cell Death in K562-Dox 125 nM NIL #1 and NIL #2 Cells Determined by Trypan Blue Staining
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Figure 4A: K562-Dox 125 nM NIL #1 and K562-Dox 125 nM NIL #2 cells have significantly

decreased TKI-mediated cell death

Cells were cultured for 72 h in increasing concentrations of a) nilotinib b) imatinib and c) dasatinib and

cell death determined by trypan blue staining. Data demonstrate that K562-Dox 125 nM NIL #1 and

K562-Dox 125 nM NIL #2 cells have significantly increased survival in the presence of TKIs when

compared with control cells. It is important to note that while trypan blue counts following cytotoxicity
assays demonstrate near complete cell death, Annexin V and 7-AAD staining shows a maximum of 40%
cell death even at the highest TKI concentrations. The data shown represent one experiment
performed in triplicate with the corresponding survival curves representing the mean. Data were

normalised to 0 nM TKI with the number of live cells in the absence of TKI set at 100%. NIL=nilotinib
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Appendix 4A - Cell Death in K562-Dox 125 nM NIL #1 and NIL #2 Cells Determined by Trypan Blue Staining
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Appendix 4B — Cell Death in K562-Dox 2 uM NIL #1 and NIL #2 Cells Determined by Visual Assessment of Growth Media

Figure 4B: K562-Dox 2 uM NIL #1 and K562-Dox 2 uM NIL #2 cells have significantly decreased

TKI-mediated cell death

Cells were cultured for 72 h in increasing concentrations of a) nilotinib b) imatinib and c) dasatinib and
cell viability assessed visually. Metabolic products from live cells turn the colour of the growth media
from pink to yellow thus allowing a crude assessment of cell viability. Data demonstrate K562-Dox 2 uM

NIL #1 cells and K562-Dox 2 yM NIL #2 cells have increased survival in the presence of nilotinib,

imatinib and dasatinib when compared with control cells. The pictures shown are representative of at

least three separate experiments performed in triplicate. The TKI concentrations are indicated.
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(b)
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Appendix 4C — Cell Death in K562-Dox 2 uM NIL #1 and K562-Dox 2 uM NIL #2 Cells Determined by Trypan Blue Staining
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Figure 4C: K562-Dox 2 yM NIL #1 and K562-Dox 2 uM NIL #2 cells have significantly decreased

TKI-mediated cell death
Cells were cultured for 72 h in increasing concentrations of a) nilotinib b) imatinib and c) dasatinib and

cell death determined by trypan blue staining. Data demonstrate K562-Dox 2 uM NIL #1 cells and

K562-Dox 2 uM NIL #2 cells have significantly increased survival in the presence of TKIs when

compared with control cells. It is important to note that while trypan blue counts following cytotoxicity
assays demonstrate near complete cell death, Annexin V/7-AAD staining shows a maximum of 80% cell
death even at the highest TKI concentrations. The data shown are representative of at least three
separate experiments performed in triplicate with the corresponding survival curves representing the
mean. Data were normalised to 0 nM TKI with the number of live cells in the absence of TKI set at
100%. Statistical analyses were performed using Student’s t-test with statistically significant p-values

denoted by asterisks and carets representing K562-Dox 2 yM NIL #1 and K562-Dox 2 uM NIL #2 cell

lines respectively (* p<0.05; ** p<0.01; *** p<0.001). Error bars represent SEM. NIL=nilotinib.
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Appendix 4C — Cell Death in K562-Dox 2 uM NIL #1 and K562-Dox 2 uM NIL #2 Cells Determined by Trypan Blue Staining
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Appendix 4D — Expression Levels of Cellular Kinases and Cancer Signalling Proteins in K562-Dox Cells

Figure 4D: K562-Dox 2 pM NIL resistant cells exhibit altered protein expression compared with

K562-Dox control cells
Commercially available antibody array plates (Fullmoon Biosystems) were used to compare expression
levels of various cellular kinases (a and c) and proteins involved in cancer signalling (b and d) in K562-

Dox 2 yM NIL #1 and K562-Dox 2 yM NIL #2 cells compared with control cells. The arrays were

analysed by Fullmoon Biosystems and the percentage change in expression levels determined.
Proteins were then graded in descending order based on expression levels and the top ranked proteins
chosen for further analysis. Proteins exhibiting >50% increase in expression in resistant cells are
shown in PINK and proteins exhibiting >50% decrease in expression levels are shown in

Background expression levels were set at 2.5x greater than that of negative controls; proteins falling

below this value were excluded from analysis (GREY SHADED).
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Appendix 4D — Expression Levels of Cellular Kinases and Cancer Signalling Proteins in K562-Dox Cells

(@)

Mean Signal 457 490
Average of -ve Confrols 82 92
2.5% -ve Control values 205 230

Average Signal Value of 6 Replicates on the Array] |Data Normalized to Mean Signal on the Array| % Change
e K562-Dox Control | K562-Dox 2 uM NIL#1 | | Ks82-Dox Control [ks62-Dox 2 um niL #1f [E20re! - ZEMNIL 21
+2 gh‘i NIL #1

PRIM2A 251 568 0.55 1.16 110.99
PDGFRB 580 1298 1.27 2.65 108.61
CHEK2 1004 2136 2.20 4.36 0B.46
RPSGKEZ 598 1186 1.31 242 85.00
|\GFBP6 88 147 0.19 0.30 56.19
|maP2Ks 132 295 042 0.60 43.63
PRKAB2 221 338 048 0.69 4268
EPHB3 3952 5983 8.64 12.21 41.23
EPHAB 95 143 0.21 0.29 40.76
PLK1 74 110 0.16 0.22 37.85
LIMK2 144 205 0.32 0.42 32.29
FGFR2 290 403 0.63 0.82 29.66
RPSEKB1 100 138 0.22 0.28 20.02
CAMHK4 80 110 047 0.22 28.74
FLT3 318 435 0.70 0.89 2748
| KBKAP 82 109 0.18 0.22 23.88
TEK 220 282 0.48 0.58 19.58
PRKAB1 114 145 0.25 0.30 18.49
DYRK1B 160 204 0.35 0.42 18.41
IMERTK &7 111 0.19 0.23 18.40
SAB 626 789 1.37 1.61 17.68
CDC2L2 196 247 0.43 0.50 17.55
PAK2 88 110 0.19 0.22 16.31
STAT1 6342 7880 13.87 16.08 15.91
IIKBKE 95 118 0.21 0.24 15.64
BUB1B 115 142 0.25 0.29 15.39
MAP3K3 598 732 1.31 1.49 14.20
CDK8 276 338 0.60 0.69 14.12
DYRK3 80 97 017 0.20 13.74
EREB2 111 134 0.24 0.27 13.41
SRC 1039 1262 2.27 2.58 13.35
|MAP2KA 182 220 0.40 0.45 13.17
|NEK2 ar 118 0.21 0.24 12.81
[IRaK3 126 192 0.28 0.31 12.37
[mELK 108 129 0.24 0.26 11.29
BCR 284 339 0.62 0.69 11.26
ANKA1 91 109 0.20 0.22 11.20
WNK3 113 135 0.25 0.27 11.04
CDK5RAP3 111 133 0.24 0.27 11.03
JILKAP 118 140 0.26 0.29 10.84
PRKX 95 113 0.21 0.23 10.84
CDK4 97 115 0.21 0.23 10.76
RPSEKAZ 122 144 0.27 0.29 10.24
IMARIKTIP1 98 116 0.21 0.24 10.11
RAF1 121 143 0.26 0.29 9.89
CSF1 154 181 0.34 0.37 9.77
EGFR 207 243 0.45 049 947
TIE1 102 120 0.22 0.24 942
CSNK1E 7958 9332 17.40 19.04 2.40
|MAP3K1A 116 136 0.25 0.28 9.24
|CAMK1 110 128 0.24 0.26 8.86
[marakz 90 105 0.20 0.21 8.73
|sTaTs 112 131 0.25 0.27 8.52
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Appendix 4D — Expression Levels of Cellular Kinases and Cancer Signalling Proteins in K562-Dox Cells

CSNK1G2 133 154 0.29 0.31 8.41
PTKS 122 142 0.27 0.29 8.16
ROR1 108 122 0.23 0.25 8.03
JMAP3K1 233 269 0.51 0.95 7.93
|MAP4K4 131 152 0.29 0.31 7.85
|usTir 123 142 0.27 0.29 7.85
CAMKK1 102 118 0.22 0.24 7.80
TGFB1I1 2847 3281 6.23 6.69 7.54
JMAPK1 94 108 0.20 022 7.24
EPHB1 127 145 0.28 0.30 7.18
CSNK1G1 132 152 0.29 0.31 7.07
JMAPKS 103 118 0.23 0.24 7.03
IMhPEK2 91 104 0.20 0.21 7.01
IMAPKAP K2 125 143 0.27 0.29 6.57
IAKTZ 99 113 0.22 0.23 6.49
|musk 3971 4529 8.68 9.24 6.41
EPHAZ2 125 142 0.27 0.29 6.37
ROR2 265 302 0.58 0.62 6.37
ERBE3 114 130 0.25 0.27 6.37
RET 220 251 0.48 0.51 6.30
CSNK2A1 115 130 0.25 0.27 5.88
PRKCI 87 99 0.19 0.20 5.80
CDK2 103 117 0.23 0.24 5.80
PRKCA 116 132 0.25 0.27 5.76
JMAPK13 92 105 0.20 0.21 8.75
FLT1 120 135 0.26 0.28 5.65
FUSIP1 96 109 0.21 0.22 5.58
JAK3 174 197 0.38 0.40 546
RNASEH1 117 132 0.26 0.27 5.37
ANP32A 459 518 1.00 1.08 5.28
MYOTA 99 112 0.22 0.23 5.23
EPDR1 102 115 0.22 0.23 5.16
TYRO3 9578 10770 20.95 21.97 4.80
GSK3B 116 130 0.25 0.26 4.87
PTKE 109 123 0.24 0.25 4.83
JMAP3K13 91 102 0.20 0.21 476
CDKLA1 119 133 0.26 0.27 488
RPSEKAB 109 122 0.24 0.25 4.56
IRAK4 111 124 0.24 0.25 422
NPR2 105 17 0.23 0.24 4.14
PTK2 91 102 0.20 0.21 3.85
DYRK1A 133 148 0.29 0.30 3.81
PLK4 a7 108 0.21 0.22 371
ATM 121 135 0.26 0.27 3.69
DYRK2 120 133 0.26 0.27 3.53
HIPK2 8060 8934 17.63 18.23 3.40
CAMK2B 102 113 0.22 0.23 3.39
PIM1 92 102 0.20 0.21 3.28
PTK2B 99 109 0.22 022 3.24
BMPR1A 219 243 0.48 0.49 3.15
EPHAS 110 122 0.24 0.25 3.03
CDK5 111 122 0.24 025 2.99
EFNAS 7509 8288 16.42 16.91 2.97
TGFB1 463 511 1.01 1.04 2.96
PAK1 98 108 0.21 0.22 2.83
FGFR10OF2 106 117 0.23 0.24 2.83
coe2 108 119 0.24 0.24 2.82
RPSBKAS 139 153 0.30 0.31 2.67
JMYO9A 135 149 0.30 0.30 2.60
ISGKS 98 108 0.21 0.22 249
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Appendix 4D — Expression Levels of Cellular Kinases and Cancer Signalling Proteins in K562-Dox Cells

[mviie 107 17 0.23 0.24 248
ROCK2 203 223 0.44 0.45 241
PRKCSH 98 107 0.21 0.22 222
FGR 118 129 0.26 0.26 215
YES1 104 114 0.23 0.23 2.11
[MYO3A 126 138 0.28 0.28 1.94
|GDK3 113 124 0.25 0.25 1.80
|marki4 105 115 0.23 0.23 1.57
PRKACG 104 113 0.23 0.23 1.50
RNMT 108 118 0.24 0.24 1.49
|MARKARK3 116 126 0.25 0.26 147
RNASEH2A 103 112 0.23 0.23 142
HERC3 97 105 0.21 0.21 1.35
FGFRL1 83 89 0.18 0.18 1.02
WNK2 115 125 0.25 0.25 0.99
AKT1 125 136 0.27 0.28 0.98
|'GFEP1 93 101 0.20 0.21 0.98
PRKDC 97 104 0.21 0.21 0.87
STAT2 103 111 0.23 0.23 0.84
PTKIL 110 119 0.24 0.24 0.81
RPS6KA1 102 110 0.22 0.22 0.62
GRKS 130 139 0.28 0.28 0.38
CDOKLS 95 102 0.21 0.21 0.20
CSF1R 140 150 0.31 0.31 0.19
|MAST2 113 121 0.25 0.25 0.17
CSNK1D 130 139 0.29 0.28 -0.27
EFNA1 95 101 0.21 0.21 -0.30
|INSRR 116 124 0.25 0.25 -0.42
[mLLs 107 114 0.23 0.23 -0.46
|cokz 110 117 0.24 0.24 -0.48
[mar2Ks 99 105 0.22 0.21 -0.57
COKL2 109 116 0.24 0.24 .69
STAT4 125 132 0.27 0.27 -0.84
EPM2A 11635 12384 25.49 25.27 0.87
GRK1 122 129 0.27 0.26 -0.96
ROCK1 109 116 0.24 0.24 -0.99
PDGFRA 107 113 0.23 0.23 -1.03
GRKB 110 116 0.24 0.24 -1.04
PRKACA 98 104 0.21 0.21 -1.16
PRKARZA 116 123 0.25 0.25 -1.36
CAMKY 95 101 0.21 0.21 -1.48
CAMKK2 146 155 0.32 0.32 -1.50
PAK3 111 118 0.24 0.24 -1.94
BUE1 124 131 0.27 0.27 -1.57
|MAP4KS 159 167 0.35 0.34 -1.70
CAMK1D 203 214 0.44 0.44 -1.74
PRKAA2 144 152 0.31 0.31 -1.85
FES 106 111 0.23 0.23 -1.85
|KBKG 96 101 0.21 0.21 -2.03
RPSEKA2 130 136 0.28 0.28 -2.04
EPHAT 108 113 0.24 0.23 -2.24
PRKAA1 97 101 021 0.21 -2.36
|'KBKE 687 718 1.50 1.46 -2.50
LRRK2 120 125 0.26 0.25 -2.68
ABL2 130 135 0.28 0.28 -2.87
EPHA4 118 123 0.26 0.25 -2.88
EIF2AK2 145 151 0.32 0.31 -2.95
EPB41 105 109 0.23 0.22 -3.15
CAMK2A 245 254 0.54 0.52 .21
PRKAG2 99 102 0.22 0.21 -3.24
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FGFR4 132 136 0.29 0.28 -3.28
IRAK2 114 118 0.25 0.24 -3.44
EPHX1 133 137 0.29 0.28 -3.67
JMAPKS 115 118 0.25 0.24 -4.00
TYK2 118 121 0.26 0.25 -4.08
PIM3 5658 5816 12.37 11.87 -4.10
PRKRA 110 113 0.24 0.23 416
CDC25C 95 98 0.21 0.20 -4.26
STAT5B 128 131 0.28 0.27 -4.40
FGFR1 165 169 0.36 0.34 -4.44
JMAP2K3 109 112 0.24 0.23 -4.57
ACVR1B 105 108 0.23 0.22 -4.64
KDR 169 172 0.37 0.35 477
CDC258 97 99 0.21 0.20 478
FRAP1 106 108 0.23 0.22 -4.80
PRKAR1B 183 186 0.40 0.38 4.83
ERBB2IP 121 123 0.26 0.25 5.18
CAMK1G 131 133 0.29 0.27 -9.28
JMASTL 197 200 043 0.41 -5.45
CDKSR1 138 140 0.30 0.28 -9.47
CSF2RA 159 161 0.35 0.33 -5.54
RPS6 108 109 0.24 0.22 -5.70
AHSA1 217 219 0.47 0.45 -5.92
LATS1 119 120 0.26 0.24 -5.92
GRAP2 112 113 0.24 0.23 -6.01
PRKRIR 113 113 0.25 0.23 -6.57
PRKACB 112 112 0.25 0.23 -1.26
EPHE6 280 278 0.61 0.57 -7.32
LCK 126 125 0.27 0.25 -1.33
ARG2 173 172 0.38 0.35 -7.34
PRKD3 123 122 0.27 0.25 -7.34
JMAPK3 97 96 0.21 0.20 -1.35
IGRK4 135 134 0.30 0.27 -7.74
|maPKAPKS 96 95 0.21 0.19 -8.01
PRKCD 150 148 0.33 0.30 -8.16
ERHBE2 129 127 0.28 0.26 -8.27
JMAPK4 104 102 0.23 0.21 -8.35
CDK6 104 102 0.23 0.21 -8.36
GRKT 131 129 0.29 0.26 -8.37
STAT6 215 211 047 0.43 -8.38
DYRK4 110 108 0.24 0.22 -8.40
JMAP2K1IP1 102 100 0.22 0.20 -8.69
PRKCEP1 101 99 0.22 0.20 -9.17
IRAK1 142 139 0.31 0.28 i s
MYQ9B 735 713 1.61 1.45 -9.52
JMYLKZ 126 122 0.27 0.25 9.55
INS 112 109 0.25 0.22 9.76
SGK 430 416 0.94 0.85 -9.89
EENA3 110 106 0.24 0.22 9.95
PA2G4 117 112 0.25 0.23 -10.31
STK11 178 170 0.39 0.35 -10.56
FLT3LG 140 134 0.31 0.27 -10.61
HIPK4 377 339 0.62 0.73 -11.21
BRAF 124 118 0.27 0.24 -11.35
CDK8 144 137 0.32 0.28 -11.56
AXL 117 111 0.26 0.23 -11.62
JMAPK12 136 129 0.30 0.26 -11.64
[marke 208 197 0.45 0.40 -11.65
ILK 137 129 0.30 0.26 -12.16
EPB41L1 3620 3403 7.92 6.94 -12.31
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CSF2 139 130 0.30 0.27 -12.32
SGK2 904 848 1.98 1.73 -12.44
YARS 127 119 0.28 0.24 -12.59
CDKL4 110 103 0.24 0.21 -12.64
JMYLK 144 135 0.31 0.27 -12.86
DMPK 205 191 0.45 0.39 -13.08
PTKT 131 121 0.29 0.25 -13.26
SLPI 178 165 0.39 0.34 -13.45
ACTR1B 158 146 0.35 0.30 -13.88
PRKD2 137 125 0.30 0.26 -14.34
JMLKL 132 121 0.29 0.25 -14.48
CDKL3 2415 2200 5.28 4.49 -15.03
HERC4 308 280 0.67 0.57 -15.05
LIMK1 123 111 0.27 0.23 -15.59
JMAPK10 144 130 0.31 0.26 -15.91
EPB41L3 138 124 0.30 0.25 -15.96
RPSBKC1 128 114 0.28 0.23 -17.01
EPHB4 972 844 213 1.72 -18.96
FGFR10P 176 153 0.39 0.31 -19.23
RNASEL 215 186 0.47 0.38 -19.30
FLT4 488 420 1.07 0.86 -19.80
NTRK2 169 143 0.37 0.29 -21.10
CAMK2D 393 331 0.86 0.67 -21.54
PRKCZ 333 280 0.73 0.57 -21.64
CSNK2A2 845 707 1.85 144 -21.98
SYK 171 141 0.37 0.29 -22.91
STATSA 188 135 0.41 0.32 -23.30
CDC25A 306 251 0.67 0.51 -23.63
NTRK3 224 183 0.49 0.37 -23.99
BMPR2 249 199 0.54 0.41 -25.52
JMAPK11 559 442 1.22 0.90 -26.34
GAPDH 325 256 0.71 0.52 -26.49
HIPK1 173 136 0.38 0.28 -26.64
PRKCABP 495 376 1.08 0.77 -29.14
FYN 571 426 1.25 0.87 -30.37
JMAP3K15 524 596 1.80 1.22 -32.44
PRKG1 886 623 1.94 1.27 -34.42
EPB42 401 256 0.88 0.52 -40.46
CHEK1 1528 970 3.34 1.98 -40.77
BMPR1B 272 167 0.60 0.34 42.73
PAK4 572 327 1.25 0.67 -46.73
ZAPTO 662 311 145 0.63 -56.21
JMAP3KS 752 344 1.64 0.70 -57.30
lBeta-Actin 1356 560 296 1.14 -61.47
IMAP3K4 1915 164 4.19 0.33 -92.08
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Mean Signal 634 1032
Average of -ve Controls 411 480
2.5 -ve Control values 1028 1225
Average Signal Value of 6 Repli on the All'"lﬂ Data Normalized to Mean Egnal on the Array % Change
Fromiiis K562-Dox Control | K562-Dox2uM NIL#1 | | K562-Dox Control |K562-Dox 2 uM NIL #1 CL“?'%W
L
Histone H2A X(Ab-139) 3348 13608 5.28 13.19 149.80
cdc25C({Ab-216) 1394 9998 220 530 1449
ERCA1{Ab-1423) 5969 20714 879 20.08 12846
Sre(Phospho-Tyrd 18) 439 1363 069 1.32 90.50
[PTEN(Phospho-Ser380/Phospho-Thr382/Thr383) 339 1056 056 102 82.80
cde25C({Phaspho-Ser216) 340 952 054 082 7183
Keratin 18(Ab-33) 2405 6590 37 6.30 68.34
(Catenin beta (Ab-37) 1734 4705 274 456 66,64
HSP27(Phespho-Ser15) 480 1298 0.76 1.26 66.12
I@M‘I’hrlﬂ?l 601 1580 0.95 1.53 6141
INF kappa B-p65(Ab-254) 805 2005 32T 194 53.10
Racticdod2(Ab-T1) 443 1103 0.70 107 5292
c-Jun{Phospha-Ser243) 475 1180 0.75 1.14 5277
|Eeta actin 645 1575 1.02 1.53 4005
INF kappa B-p100/p52(phospho-Ser865) 388 915 081 0.80 44.78
Catenin beta (Phospho-Thrd4 1/Phospho-Ser43) 698 1563 1.10 1.53 39.19
IM_e‘MF’I'Iosﬂ'K__)—Tﬂ‘]HQII 177 397 0.28 0.28 38.03
BAD{Phospho-Ser112) 462 1014 0.73 088 M
MEK1{Phospho-Ser221) 76 1661 1.22 1.61 31.59
p2TKip1{Ab-10) 189 397 030 0.38 2881
|ETATE{Phospha-Tyr41) 366 765 0.58 0.74 2844
c-KitiPhesphe-Tyr721) 4284 8806 6.76 8.62 27.54
CaMKIl {Phospho-Thr286) 416 862 0.66 0.84 2733
/42 MAP Kinase(Phospho-Tyr204) 595 1224 0.94 1.18 26.38
1STAT3{Phespho-Seri27) 516 1054 081 102 2558
Integnn beta-3(Phospho-Tyri85) 543 1268 1.01 1.23 21.18
CDC2{Ab-15) 355 694 056 087 19.87
MEK 1{Phospho-Thr201) 699 1363 1.10 1.32 1967
|BAD{Ab-155) 209 397 033 0.38 16.77
JAK1{Phaspho-Tyr1022) 401 762 0.63 074 16.60
Trk BiAb-515) 397 781 0.63 0.73 16.32
NF kappa B-p100/p52{Ab-859) 581 1081 082 1.05 14.26
|STATH(AL-845) 869 1609 1.37 1.56 13.70
TYK2(Phospho-Tyr1054) 275 509 043 0.48 13.6808
PDGF Receptor Beta(Ab-T51) 562 1035 089 1.00 13.08
Phos, erdis) 525 961 083 083 1240
sEF2K(Ab-366) 463 842 0.73 0.82 11.62
70 56 Kinase (Phospho-Serd24) 594 1071 0.94 1.04 10.78
STATSA (Phospho-TyrEi34) 438 788 068 0.76 1048
EAD(Ab-112) 370 665 058 0.5 10.34
Myc{Ab-358) 514 921 081 089 10.19
HSPOO0B{AL-254) 380 679 060 0.66 973
GSK3-beta(Ab-9) 276 490 044 047 9.04
STATSA (Phospho-Ser7B0) 592 1050 0.93 1.02 8.9
STATSA (Ab-694) 225 397 0.35 0.38 8.62
|JlmB[Fho&pleer?9] 485 855 077 0.83 8.34
Myc{Ab62) 511 891 081 0.86 7.18
HSP27(Ab-15) 274 477 043 0.46 7.00
NF kappa B-p100/p52(Ab-865) 1430 2480 2.26 240 6.57
|GSK3-beta(Phospho-Serd) 401 694 0.63 0.87 841
Crkll(Ab-221) 515 859 081 0,86 6.07
HSF1(Phospho-Serd03) 468 808 074 0.78 6.03
c-Kit|Ab-721) 498 860 079 0.83 6.00
Rac1/cded2(Phosphe-SerT1) 803 1377 1.27 1.33 5.40
FAK{AB-861) 374 642 0.59 062 5.36
21Cip1(Phospho-Thri43) 341 584 0.4 0.57 5.25
elF4E(AB-209) 383 654 0.60 063 5,03
|/ AK2(Phosphe-Tyr1007) 378 645 060 062 483
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Chk2(Phaspho-Ser516) 538 915 0.85 089 445
MEK1{Phospho-Ser217) 478 807 075 0.78 381
Caveolin-1(Phospho-Tyr14) 235 397 0.37 038 3T
AKH[A-308) 306 516 048 050 351
|STAT4{Phospho-Tyr683) 323 544 051 053 347
[mTOR(Ab-2448) 433 728 068 071 332
|BCLXLAB-62) 411 688 0.85 0.67 275
[SheiAb-349) 317 630 058 051 264
|1-kappa-B-epsilon(Ab-22) 345 51T 0.54 056 264
|BAD(Ab-136) 356 593 0.56 057 240
|T2u(Phospho-Serd04) 509 841 0.80 0.82 1861
BCL-2(Ab-70) 350 576 055 056 105
Estrogen Receptor-alpha (Phospho-Ser167) 907 1632 157 1.58 0.58
8IF2 alphalPhospho-Ser51) 1093 1789 1.73 1.73 0.50
NF kappa B-p105/p50{Phospho-Serd32) 484 791 0.76 077 049
[BRCAIAB-1524) 383 624 0.50 0.60 0.08
Chi1{Ab-345) 289 459 048 045 -0.30
VEGFR2(Phospho-Tyr351) 1104 1783 174 173 0.79
FGF Recaptor 1(Ab-154) 522 836 0.82 081 187
4E-BP1(Ab-36) 309 494 049 048 AT
Myc{Phospho-Ser373) 398 637 083 0.62 -1.75
p27Kip1{Phesphe-Seri0) 647 1032 1.02 1.00 204
PDK1(Ab-241) 2131 3391 136 3.29 224
|BCL-2(Ab-56) 289 459 046 044 239
JAK2({Ab-221) 297 471 047 046 246
Estrogen Receptor-alpha (Ab-167) 434 688 059 067 268
I-kappa-B-alpha(Phospho-Ser32/Phospho-Ser36) 762 1235 123 1.20 -305
AMPK1(Ab-174) 313 492 049 048 344
I-kappa-B-alpha(Phospho-Tyr42) 701 1093 11 1.06 424
e-Jun(Phosphe-Ser73) 605 [ 0.95 0.91 442
CREB(Phospha-Ser133) 350 544 055 053 454
FKHR(Ab-256) 549 850 0.87 0.82 487
Mye{Phospho-Thras8) 496 766 078 074 511
|IKK alphai Phospho-Thr23) 297 1538 1.57 149 -5.18
NF kappa B-p105/p50{Ab-907) 337 520 053 050 52
JunD{Phospha-Ser255) 805 1242 127 1.20 -5.20
NF kappa B-p100/p52{Phospho-Ser869) 384 590 061 057 562
|BRCA1(Phospho-Ser1524) 523 802 082 078 570
HERZ(Ab-677) 383 587 0.50 0.57 582
NF kappa B-p105/p50{Ab-337) 260 397 041 038 521
EGFR(Phospha-Tyr1 110) 765 1162 121 118 73
MSK1{Phospho-Ser376) 755 1145 1.19 1.11 5,83
[Akt{Phospho-Thr308) 526 794 0.83 0.77 727
NF kappa B-p105(p50{Ab-883) 311 489 0.49 0.45 754
HSP27(Ab-78) 264 397 042 038 163
HOACS{Phospho-Ser3g) 927 1304 146 135 768
NF kappa B-pB5(Ab-520) 315 473 0.50 046 790
Histane H2A. X(Phospho-Ser13) 125 1886 1,89 183 787
NF kappa B-p105/p50{Phospho-Ser83) 734 1095 1.16 1.06 835
Elk-1{Phospho-Ser383) 648 966 1.02 0.84 839
CREB(Ab-133) 280 414 044 0.40 868
Akt|Ab-473) 385 570 061 055 -9.06
|SHP-2(Ab-580) 405 599 0.64 058 924
|FKHR(Phosphe-Ser256) 665 979 1.05 0.95 952
|ICAM-1{Phospho-Tyr512) 724 1066 1.14 1.03 953
PTEN(Ab-380/362/383) 399 584 063 057 -10.08
FAK(Ab-825) 272 307 043 0.38 -10.28
JAK2(Phosphe-Tyr221) 496 722 078 0.70 -10.62
NF kappa B-p105/p50{Phospho-Ser907) 443 644 0.70 0562 -10.71
|STAT3{Phaspho-Tyr705) 704 1024 1.11 0.99 -10.73
JAK2{Ab-1007) 303 439 048 042 4118
NF kappa B-pf5(Phospho-Thi254) 441 638 0.70 0.62 -11.25
[ JunB{Phospho-Ser259) 593 854 0.94 083 1157
MyeiPhospho-Thr58) 935 1345 148 1.30 -11.88
p70) 56 Kinase (Ab-424) 471 675 074 0,65 -11.88
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[Rariab259) 551 70 081 0 1195
[sTaTias7on 279 397 044 038 S1244
Ghk1(Phospho-Ser345) 326 464 051 045 1258
P38 MAPKPhospho-Tyr182) 959 1363 151 1.32 1272
HSF1(Ab-303) 334 47 053 048 1276
|cec254 (Phospho-Ser7s) 592 978 1.08 0.85 1324
[-kappa-B-epsilon|Phospho-Ser22) 51 763 085 0.7 1333
JAK1(Ab-1022) 401 565 063 055 1341
MEK1(Ab-291) 3 463 052 045 1413
P38 MAPK(Ab-182) 307 478 048 042 1421
RellAb-503) 740 1030 a7 100 1447
Integrin beta-3(Ab-785) 517 719 082 0.70 -14.58
|c-_|unmt=?3| 4801 6670 7.58 5.46 114,66
|STaT6(Phospho-Thrds) 518 134 129 110 e
[ECLHLiProspho-ser62) 47 578 066 056 1407
[RE{Phospho-gerTan) 288 307 045 038 1518
Rafl (Phospho-Ser259) 638 948 108 082 -1540
JunD(Ab-255) 292 397 046 038 1658
e-Jun(Phospho-Thi238) 330 48 052 043 1650
MetiAb-1349) 1008 1368 158 133 1659
[SrciAb-418) i 610 [ 050 1605
|Sre(Phosphe-Tyr529) 720 970 1.14 0.04 1725
[icanan512) 295 397 047 0.3 1729
Rel(Phospho-Ser503) 42 635 074 062 1732
HSP90B|Phaspho-Ser254) 438 588 068 057 1763
JunB{AB-79) 27 397 047 0.3 1780
Pyk2(Ab-402) 566 755 088 073 1788
[STAT1{Phosphe-Ser72n) 716 956 113 0.0 1803
ChK1{Ab-230) 298 39 047 039 1807
FAK(Phospho-Tyrd25) 341 459 054 044 41834
AktPhospho-Serd73) 334 3 053 043 S1651
MKK3(Phospho-Ser189) 37 512 061 050 1868
HER2(Phaspha-Tyra17) 544 1115 133 108 1685
BCL-2{Phospho-Ser70) 1074 1412 1.70 1.37 -19.26
|sTaTaianss3) 318 415 050 040 -1985
[5TAT1(Phospho-Tyr701) 626 815 099 079 1998
TYK2[AD-1054) 46 579 0.0 056 2015
FAK(Phospho-Tyr81) 839 1087 132 105 2040
[EcL-z(Phospho-Thr36) 389 503 061 049 2055
|sTaT3Ab-705) 521 415 051 040 2057
MyciAb-373) 394 509 062 048 2067
GSKa-alphalPhospho-Ser21) 733 945 116 0.2 2083
EGFR(AB-1110) 7 478 058 048 2091
MSK1(Ab-376) 384 493 051 048 2129
|SEPRINK Phospho-Thr183) 657 1221 151 118 2159
[eaDPhaspho-Sert38) 1141 1456 180 141 2161
clun(Ab-239) 361 159 057 045 2176
MKK3(Ab-189) 389 40 061 0.48 2170
|eTaTaiaeT2n 385 41 061 048 2105
Chi2{Ab-58) 343 3% 054 042 2200
DK (Phospho-Ser241) 457 579 072 056 2211
I-kappa-B-aiphalAb-32/36] 464 588 073 057 2212
MEK-2(Ab-394) 769 974 121 0.84 2220
SAPKIUNKIAL-183) B 495 062 048 2233
Chka(Phospho-Thio8) 590 492 061 048 2245
FAK(AD-397) 612 765 097 074 2324
CDC2(Phespho-Tyr15) 528 781 080 0.76 2554
[iGF-IR (Phosphe-Tyr1161) 592 731 093 071 2418
[chkiias31n) 396 49 0562 047 2418
[Keratin 18(Phospho-Ser2a) 523 397 051 038 2445
[ntegrin beta-3(Phospho-Tyr773) 762 935 120 091 2462
Gavedlin-1(Ab-14) 335 208 053 0,39 2517
053 (Phospho-Serd) 959 1165 51 113 2540
|EaDPhospho-Seriss) 902 1094 142 108 2552
[Myciab-58) 424 514 [ 050 2554
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HDACB(Ab-39) 368 468 061 045 2588
P38 MAPK(Phospho-Thr180) 695 836 110 081 2612
HSP27(Phospho-Ser78) 858 1027 138 100 26,54
Ikappa-B-aiphalAb-42) 463 548 073 053 2122
[sTATIAR-727) 555 656 0.88 0.64 2734
(Chk1(Phospho-Ser280} 592 700 093 068 2737
MEK-2(Phaspho-Thr3g4) 748 662 1.18 085 2752
|IGE-1R (Ab-1161) 472 562 074 053 2813
1433 Zeta(Ab-58) 825 965 130 093 2819
Catenin beta (Phospho-Ser33) 542 631 085 061 2850
F GF Receptor 1(Phospho-Tyr154) 605 703 0.5 068 2858
Chk1|Phospho-Ser31] 828 053 131 092 2926
|ERCAT{Phospho-Ser1423) 1027 177 162 1.14 2061
|p#4142 MAP Kinase{Phospho-Th202) 577 661 091 0,64 2067
MEK1(Ab-221) 501 568 079 0.55 2047
elF4E(Phospho-Ser208) 532 601 0.84 058 3060
44142 MAP Kinase{Ab-204) 405 456 064 044 3081
p21Cip1(Ab-145) 462 518 073 050 3108
MEK1{Ab-217) 551 614 087 0,60 3156
GSKZ-alphalAb-21) 456 508 072 049 3157
|STAT6(AL-841) 302 436 062 042 3150
AMPK1(Phospho-Thr174) 473 525 075 051 3182
ATM(Ab-1381) 356 397 057 0.38 3195
(CalKIl {Ab-265) 797 881 126 0.85 3210
Aki2(Phospho-SerdT4) 928 1011 148 098 3305
VEGFR2{Ab-951) 1239 1350 196 131 -33.06
| KK alhalAb-23) 751 18 118 079 3311
|STATSA (Ab-780) 581 637 093 062 2307
Cridl{Phospho-Tyr221) 7099 177 173 114 344
CDK2(Ab-160) 505 537 0.80 052 3464
14-3-3 Zeta(Phospho-Ser58) 443 470 070 046 2488
NF kappa B-p65(Phospho-Ser520) 586 620 092 060 3500
53(Ab-5) 384 400 061 0.39 3599
53(Ab-315) 402 418 063 041 -36.08
Elk-1(Ab-383) 627 645 099 062 36,83
Myc(Phospho-Sera2) 481 495 076 048 3690
[4E-BP1(Phospho-Thr36) 801 822 126 0.80 2591
SEF2K(Phaspho-er366) 790 810 125 078 3702
Rb(Ab-780) 710 723 112 0.70 3745
|SheiPhospho-Tyr34) 805 817 127 079 3763
p27Kip1 Ab-167) 470 474 074 046 3812
elF2 alpha(Ab-51) 530 525 084 051 3021
|p#4/42 MAP Kinase{Ab-202) 471 464 074 0.45 -20.55
PDGF Receptor betalPhospho-Tyr751) 788 764 124 074 4043
Chik2(Ab-516) 730 706 115 068 4058
Catenin bata (Phospho-Sar37) 625 602 0.99 058 4081
CDK2(Phospho-Thr160) 567 539 0.89 052 4157
|Smada(Phospho-Sert25) 444 420 070 041 4185
JunBlAb-259) 462 455 076 044 4202
-Jin(Ab-243) 555 519 087 050 4255
Tau(Ab-404) 534 497 084 048 4285
Pyk2(Phospho-Tyr402) 505 551 094 053 4315
I-kappa-B-betalPhospho-Ser23) 685 622 108 0.60 4425
AKI2(Ab-474) 594 497 094 048 4850
|Srciab-529) 1064 fid 168 085 4040
mTOR(Phospho-Ser2448) 767 564 121 057 5323
cdc254 (Ab-75) 747 545 118 053 5520
GAPDH 79 57 126 056 5568
Tk B{Phospho-Tyr515) 904 638 143 062 56.70
|5HP-2(Phospho-Tyr580) 728 478 115 046 50,66
Catenin beta (Ab-41/45) 809 466 128 045 5463
Integrin beta-3(Ab-773) 1007 458 158 0.44 072
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©

Mean Signal 457 607
Average of -ve Controls 82 115
2.5x -ve Control values 205 288

Average Signal Value of & Replicates on the Array [Pata Normalized to Mean Signal on the Array| % Change |
Protein List Control — 2 uM NIL #2]
K§62-Dox Control K562-Dox 2 M NIL #2 K562-Dox Control |K562-Dox 2 uM NIL #2
+2 uM NIL #2

CHEK2 1004 2720 2.20 448 104.17
STATSB 128 339 0.28 0.56 99.40
PDGFRB 580 1522 12T 2.51 97.57
HIPK4 377 810 0.82 133 61.90
DMPK 205 437 045 0.72 60.69
EPB42 401 782 0.88 1.29 47.00
|IGFBPS 88 166 0.19 0.27 42.28
PLK1 74 136 0.18 0.22 38.17
RPS6KB2 598 1096 1.31 1.81 38.10
TGFB1 463 843 1.01 1.38 37.12
EPHAG 95 168 0.1 0.28 33.12
TYRO3 9578 16732 20.95 27.57 31.83
BMPR2 249 414 0.54 0.68 25.37
TGFB1I1 2847 4732 6.23 7.80 25.25
RPSEKB1 100 165 0.22 0.27 2474
LIMK2 144 239 0.32 0.39 2460
DYRK1B 160 265 0.35 044 2446
|IKBKARP 82 134 0.18 0.22 23.54
|IRAK3 126 201 0.28 0.33 19.59
|EPHBS 3952 6175 8.64 10.18 17.73
[vERTK 87 136 0.19 022 17.48
STATY 6342 9800 13.87 16.15 16.43
CAMK4 80 123 017 0.20 16.41
PRKX 95 146 0.21 0.24 15.74
CSNK2A2 845 1292 1.85 213 15.16
SGK 430 657 0.94 1.08 15.00
WNK3 113 172 0.25 0.28 14.92
DYRK3 80 122 017 0.20 14,84
|ILKAP 118 179 0.26 0.28 14.46
PRKAB1 114 173 0.25 0.29 14.40
CSNKIE 7958 12015 17.40 19.80 13.76
MAP3K15 824 1219 1.80 201 11.57
EREB2 bl 162 0.24 0.27 10.70
|MAR3KT7IP1 98 144 0.21 0.24 1048
JAK3 174 254 0.38 042 9.96
SRC 1039 1510 227 249 9.53
DYRK2 120 174 0.26 0.29 915
AKT2 99 143 0.22 0.24 897
| KBKB 687 993 1.50 1.64 8.89
[map2ki 182 261 0.40 043 8.36
ANK1 91 131 0.20 0.22 8.27
FLT3 318 456 0.70 0.75 7.82
PRKCI 87 124 0.19 0.20 7.62
IMAP3K11 116 165 0.25 0.27 7.07
PIM3 5658 8033 12.37 13.24 6.98
EPM2A 11655 16529 2549 27.24 6.87
CcDC2L2 196 278 043 045 6.78
PLK4 97 137 0.21 0.23 6.85
PTK2 122 173 0.27 0.28 6.35
PAK2 88 123 0.19 0.20 5.52
PRKAB2 221 309 048 0.51 5.24
CDKL1 119 164 0.28 0.27 410
FGFR2 290 400 0.63 0.66 4.04
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|CDC? 108 149 0.24 0.24 393
[maPK1 94 129 0.20 0.21 377
CDK? 276 360 0.60 0.63 3.73
PRKAR2A 116 160 0.25 0.26 363
HERC3 97 133 0.21 0.22 346
PIM1 92 126 0.20 0.21 3.39
CDKSRAP3 111 153 0.24 0.25 3.33
|MAP4K4 131 180 0.29 0.30 3.08
FGFR4 132 180 0.29 0.30 3.05
EPHAS 110 150 0.24 0.25 282
|MAP2KS 192 262 0.42 043 278
CAMKK1 102 139 0.22 0.23 261
CDKSR1 138 187 0.30 0.31 244
RET 220 298 0.48 0.49 1.95
PRKACG 104 140 0.23 0.23 1.38
EGFR 207 278 0.45 0.46 1,36
RNASEH1 117 157 0.26 0.26 1.08
RAF1 121 163 0.26 0.27 1.06
|MARKS 103 138 0.23 0.23 0.96
|irAKa 111 149 0.24 0.24 0.81
RNASEH2A 103 138 0.23 023 0.75
RORA 106 141 0.23 0.23 0.71
ANP32A 459 611 1.00 1.01 0.22
|\KBKE 95 125 0.21 0.21 -1.33
PRKCSH 98 128 0.21 0.21 -1.34
RPS6 108 141 0.24 0.23 -1.36
AKT1 125 164 0.27 0.27 -1.60
TEK 220 287 0.48 047 -1.64
[MYOTA 99 129 0.22 0.21 -1.69
FRAP1 106 139 0.23 0.23 -1.70
PTKS 109 142 0.24 0.23 -1.87
CDK3 113 148 0.25 0.24 -1.93
DYRK1A 133 173 0.29 0.29 -1.99
PAK1 98 127 0.21 0.21 -2.06
|INSRR 118 151 0.25 0.25 -2.16
[mapakz 90 116 0.20 0.19 -2.66
TIE1 102 132 0.22 0.22 277
STAT2 103 133 0.23 0.22 -2.82
SGK3 98 126 0.21 0.21 -2.86
CDKS5 111 143 0.24 0.23 -2.97
FLT1 120 154 0.26 0.25 -3.00
|MAP2ZKS 99 127 0.22 0.21 =347
|EPHBF} 280 360 0.61 0.59 -3.22
|MAPKAPK2 125 161 0.27 0.27 -3.31
|CSNK1G1 132 169 0.29 0.28 -3.34
[warks 115 147 0.25 0.24 -3.40
FGFRL1 83 106 0.18 017 -3.64
NEK2 a7 124 0.21 0.20 -3.71
EPHB2 128 163 0.28 0.27 -3.7%
TYK2 118 150 0.26 0.25 -3.94
CAMK2B 102 129 0.22 0.21 414
CAMK1 110 140 0.24 0.23 4.18
PTK2B 99 125 0.22 0.21 4.25
FGR 118 150 0.26 0.25 -4.26
JMAST2 113 144 0.25 0.24 -4.31
ROCK2 203 257 0.44 042 -4.46
BUB1B 115 145 0.25 0.24 -4.50
MAP3K3 598 757 1.31 1.25 -4.61
STAT3 112 142 0.25 0.23 -4.64
EPHB1 127 159 0.28 0.26 -9.09
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RPSGKA2 130 153 0.28 0.25 -11.11
PRKCEP1 101 119 0.22 0.20 -11.12
IMAP3K1 233 274 0.51 0.45 -11.21
PRKCA 116 136 0.25 0.22 -11.44
PRKCD 150 176 0.33 0.29 -11.49
CSF1R 140 164 0.3 0.27 -11.52
MYQ9B 735 863 1.61 142 -1153
RNMT 108 127 0.24 0.21 -11.53
DYRK4 110 129 0.24 0.21 -11.54
IMST1R 123 144 0.27 0.24 -11.66
|raki 142 166 0.31 0.27 -12.03
GRKS 130 131 0.28 0.25 -12.04
RPS6KC1 128 150 0.28 0.25 -12.22
1IGFBP1 93 109 0.20 0.18 -12.27
[musk 3971 4621 8.68 7.61 -12.31
PRKD2 137 159 0.30 0.26 -12.32
CAMK1G 131 152 0.29 0.25 -12.33
EPB41L1 3620 4206 7.92 6.93 -12.46
JILK 137 159 0.30 0.26 -12.53
CDC25B 97 112 0.21 0.18 -12.70
EPHA4 118 136 0.26 0.22 -12.82
BMPR1A 219 254 0.48 042 -12.91
CSNK2A1 115 133 0.25 0.22 -12.95
FES 106 122 0.23 0.20 -13.00
PA2G4 117 135 0.25 0.22 -13.01
GAPDH 325 375 0.71 0.62 -13.08
EIF2AK2 145 167 0.32 0.27 -13.10
COK7 110 126 0.24 0.21 -13.41
PTK2 91 105 0.20 0.17 -13.51
CSF2RA 159 183 0.35 0.30 -13.52
JMLL4 107 122 0.23 0.20 -13.85
| S 97 110 0.21 0.18 -13.98
CDKLS 95 108 0.21 0.18 -14.02
CDKG 104 118 0.23 0.19 -14.11
GRKT 131 150 0.29 0.25 -14.13
LATS1 119 135 0.26 022 -14.26
EPHX1 133 151 0.29 0.25 -14.36
ABL2 130 147 0.28 0.24 -14.48
CDK8 144 164 0.32 027 -14.54
|MAPKAPK3 116 132 0.25 0.22 -14.58
STATE 215 243 0.47 0.40 -14.70
IACVR1B 105 119 0.23 0.20 -14.99
LRRK2 120 135 0.26 0.22 -15.20
CDKL2 109 122 0.24 0.20 -15.27
ARG2 173 195 0.38 0.32 -15.29
ROCK1 109 122 0.24 0.20 -15.30
STATSA 188 212 0.41 0.35 -15.31
PRKRA 110 123 0.24 0.20 -15.50
COKL4 110 124 0.24 0.20 -15.53
JMAP2K3 109 122 0.24 0.20 -15.55
IMAPM 104 117 0.23 0.19 -15.59
IERBBZiP 121 135 0.26 0.22 -15.70
IBRAF 124 138 0.27 0.23 -15.94
MAP2K1IP1 102 114 0.22 0.19 -16.02
PTKIL 110 122 0.24 0.20 -16.18
EFNAS 7509 8350 16.42 13.76 -16.21
PTKT 131 145 0.29 0.24 -16.37
JMAPK12 136 150 0.30 0.25 -16.69
FGFR1 165 182 0.36 0.30 -16.79
PRKACB 112 123 0.25 0.20 -17.48
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'YARS 127 139 0.28 023 -17.62
EFNA3 110 120 0.24 0.20 -17.81
PDGFRA 107 117 0.23 0.19 -17.83
FGFR10P 176 192 0.39 0.32 -18.10
CAMK1D 203 221 0.44 0.36 -18.29
LCK 126 136 0.27 0.22 -18.45
ROR2 265 286 0.58 047 -18.82
FLT3LG 140 150 0.31 0.25 -19.07
JAHSA1 217 233 0.47 0.38 -19.33
CAMK24 245 262 0.54 043 -19.37
JVLKL 132 141 0.29 0.23 -19.70
IMYLKZ 126 134 0.27 0.22 -19.85
IMAPKE 208 221 0.45 0.36 -20.06
IMAPK1U 144 151 0.31 0.25 -20.63
IA)(L 117 123 0.26 0.20 -20.90
JuyLK 144 150 0.31 0.25 -21.60
Beta-Actin 1356 1402 2.96 2.31 -22.06
CSF2 139 143 0.30 024 221
SAB 626 646 1.37 1.06 -22.22
SLPI 178 183 0.39 0.30 -22.53
PRKAR1E 183 186 0.40 0.31 -23.07
LIMK1 123 125 0.27 0.21 -23.11
CDKL3 2415 2438 5.28 4.02 -23.95
EPHBE4 972 978 2.13 1.61 -24.17
INTRK2 169 169 0.37 028 -24.43
RNASEL 215 210 0.47 0.35 -26.34
PRKG1 886 864 1.94 142 -26.49
PRKCABP 495 482 1.08 0.79 -26.55
CAMK2D 393 382 0.86 0.63 -26.89
HIPK1 173 168 0.38 0.28 2711
HERC4 308 295 0.67 0.49 -27.75
SYK 171 163 0.37 0.27 -28.25
FYN 571 541 1.25 0.89 -28.63
INTRK3 224 212 0.49 0.35 -28.69
EPB41L3 138 130 0.30 0.21 -29.20
SGK2 904 829 1.98 137 -30.86
FLT4 488 444 1.07 0.73 -31.54
CDC25A 306 278 0.67 0.46 -31.54
|MASTL 197 172 043 0.28 -34.27
PRKCZ 333 246 0.73 0.41 -44.40
BMPR1B 272 188 0.60 0.31 -47.89
|MAP3KS 752 462 1.64 0.76 -53.67
PAK4 572 343 1.25 0.56 -54.91
ZAPTO 662 286 1.45 047 -67 46
[MAP3K4 1915 208 4,19 0.34 -91.80
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Mean Signal 634 1102

Average of -ve Controls 41 443

2.5x -ve Control values 1028 1108

Average Signal Value of 6 Repli on the Array] |Data Nc lized to Mean Signal on the Array| % Change
ProtefL ot Ks62.Dox Control | K562-Dex2 uMNIL#2 | | KS62-Dox Control |KS62-Dox 2 ut ML £2 C""L""E' _:TW
— — — — u_l:‘lhw

PTEN 380/P! Thr382Thr383) 355 1092 0.56 0.99 77.00
il (Phospho-Thr286) 416 1260 066 1.4 7414
42 MAP Kinase({Phosphe-Th ) 505 1742 0.84 1.58 68.38
|NF kappa B-p105/p50{AB-807) 337 951 053 0.86 6233
-k i ) 541 1461 083 133 5523
378 980 060 0.89 49.05
274 694 043 063 45.76
288 726 045 0.66 4520
HER2{Ab-677) 383 960 0.60 087 420
[STAT6(Phospho-TyrE41) 366 913 058 083 43.39
COK2(Ab-180) 505 1249 0.80 1.13 4232
HSF1({Phospho-Ser303) 468 1151 074 1.04 41.37
|Estrogen Receptor-aipha (Ab-167) 434 1068 059 0.97 41.31
Ab-15) 355 857 056 078 3859
1Cip1(Ab-145) 462 1109 073 1.01 3813
MyelAb-62) 511 1225 081 i1 3786
p27Kip1(Phospho-Thr187) 601 1442 095 1.3 37.85
JeEF 2K AL-366) 463 1107 073 1.00 3735
JAK2(Phospho-Tyr221) 496 1184 078 1.07 325
(CREB(Phospho-Ser133) 350 833 035 0.76 36.89
HDACB{Ab-38) 388 a1 0.61 0.84 36.56
p21Cip1(Phospho-Thr145) 341 810 054 073 36.56
FAK(AB-BB1) 374 880 059 0.:80 35.25
Raf1(Ab-259) 551 1295 0.87 117 35.03
[ TYK2{Phospho-Tyr1054) 275 641 043 058 3380
Ab-315) 402 932 063 0.85 33.28
MyciAb-58) 424 980 067 089 329
p70 56 Kinass (Phospho-Serd 24} 584 1371 0.94 1.24 3274
Sho(Ab-348) i 370 058 079 32
Histone H24_X(Ab-139) 3348 7582 5.28 5.88 3019
Rb(Ab-T80) 710 1606 112 148 3003
mTOR(AL-2448) 431 078 068 0,80 2067
Chk1(Ab-345) 289 6§52 046 059 2970
FGF Receptor 1(Ab-154) 522 1167 0.82 1.08 28.55
|_m%_u@-8al12} 462 1028 073 093 27.93
STATSA (Ab-780) 581 1310 093 1.19 2750
it{Ab-721) 498 1102 0.79 1.00 27.20
Ab-418) 451 998 071 090 27.10
JunB(Ab-253) 452 1065 076 087 27.02
[Chk1(Ab-317) 39 873 062 079 26.78
JATIM(AB-1981) 358 783 057 072 2652
P38 MAPK(AD-182) 307 671 048 0.61 25.78
Crkll{Ab-221) 515 1125 081 1.02 2564
BRCA1(Ab-1423) 5569 12145 879 11.02 25.35
|70 S6 Kinase (Ab-424) 471 1026 074 093 2533
| Trk B(Ab-515) 397 863 083 0.78 25.04
[AMPK1{Phospho-Thr174) 473 1027 075 093 2494
e-Jun(Ab-243) E 555 1201 0.87 1.09 2447
JSTATSA (Phospho-Tyr694) 438 48 069 0.86 2444
P1(Ab-35) 308 667 049 060 2419
SHP-2(Ab-580) 405 871 0.64 079 2360
MyelAb-373) 354 847 062 (i 2356
TaulAb-404) 534 1141 0.84 1.03 2276
HSF1(Ab-303) 334 711 0.53 064 2238
IEADiAb-ﬁg} 370 786 058 071 2214
GSK3-heta(Phospho-Serd) 401 850 063 017 2203
MSK1(Ab-376) 384 812 051 0.74 2148
JJAK2(Ab-221) 27 625 047 057 21.18
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CDC2(Phesphe-Tyr15) 628 1324 0.99 1.20 21.15
NF kappa B-pf5(Ab-529) 315 663 050 0.80 2081
Aki{Ab-308) 306 643 048 058 2080
l-kappa-B-aipha(Ab-42) 463 970 073 088 2059
c-Jun(Ab-239) 361 756 057 0.69 2053
elF4E(Ab-200) 383 802 060 0.73 2045
PDGF Receptor Beta(Ab-751) 562 1176 0.89 1.07 20.32
JelF4E{Phospho-Ser209) 532 1107 0.84 1.00 19.56
cde25C(Phospho-Ser216) 340 700 054 0.83 18.27
MKK3({Ab-189) 389 801 061 073 18.25
Catenin beta (Phospho-Serd3) 542 1112 0.85 1.01 18.03
[ appa-B-epsion/Ab-22) 345 708 054 064 1800
IMKK3{Phospho-Ser189) 387 794 061 0.72 7.9
AkH(AD-473) 385 766 0.61 0.71 17.38
INF kappa B-pG5(Ab-254) 805 1637 1.27 148 16.97
|BCL-XL(Phospho-Serfi2) 417 849 0.66 0.77 16.87
Chk2(Phospho-Ser515) 538 1091 085 0.99 16.50
INF kappa B-p105/p50(Ab-883) 31 627 048 0.57 15.80
Chi1{Ab-280) 298 600 047 0.54 15.74
JAK1(Ab-1022) 401 805 063 0.73 15.55
|Keratin 18(Phospho-Ser33) 323 648 0.51 0.59 15.30
PTEN(AB-380/382/383) 399 798 0.63 0.72 15.07
MEK1{Ab-217) 551 1099 0.87 1.00 1458
[TYH2(AB-1054) 446 887 0.70 0.80 1439
|Raci/cdod2(Ab-T1) 443 878 070 0.80 14.04
Integrin beta-3(Ab-785) 517 1022 082 0.83 1366
eEF 2K|Phospho-Ser356) 790 1561 1.25 142 13.65
FAK({Ab-825) 272 537 043 049 13.56
Rel(Ab-503) 740 1461 117 1.33 13.56
FAK{Ab-397) 612 1208 087 1.10 1348
|BCL-2(Ab-T0) 350 690 0.55 063 13.36
Pyk2(Ab-402) 566 1115 088 1.01 1329
Caveclin-1{Ab-14) 335 659 0.53 0.60 13.22
FKHR{AB-256) 549 1079 087 098 13.10
Catenin beta (Ab-41/45) 809 1568 1.28 144 12.79
JERCA1(Ab-1524) 383 748 0.60 0.68 12.39
EGFR({Phospho-Tyr1110) 765 1485 1.21 1.36 12.28
p27Kip1(Ab-187) 470 917 0.74 0.83 1210
Integrin beta-3{Phosphe-Tyr785) 643 1252 1.01 1.14 11.85
Keratin 18(Ab-33) 2405 4648 379 422 11.12
JAK1(Phospho-Tyr1022) 401 775 063 070 10.84
AMPR1(Ab-174) 313 603 049 0.55 10.80
edc254 (Phosphe-Ser75) 692 1331 1.00 1.21 10.54
HSPE0B{Phospho-Ser254) 438 841 0.68 0.76 10.34
|BCL-XL{Ab-52) 411 785 0.65 0.7 0.84
|Chk 1{Phospho-Ser28Q) 592 1130 0.93 1.02 0.68
|GSK3-be!al:Ab-9] 276 525 0.44 0.48 948
MEK1{Phospho-Ser221) 776 1472 1.22 134 9.13
Pyk2{Phospho-Tyrd02) 595 127 084 1.02 B.87
|STATIAL-727) 386 730 0.61 0.66 8.60
JunB(Ab-T8) 297 559 047 0.51 822
Aki2(Ab-474) 594 1117 054 1.01 8.16
ISTAT1{Phospho-Ser727) 716 1335 1.13 1.21 7.19
Elk-1{Phospho-Ser383) 648 1198 102 1.09 632
JunD{Ab-255) 292 540 046 049 6.09
INF kappa B-p&5(Phospho-Ser529) 586 1080 092 0.98 592
ISTAT3(Ab-705) 321 590 031 0.54 560
|IGF-1R (Phospho-Tyr1161) 592 1088 093 0.89 557
Mye(Phospho-Sert2) 481 877 0.76 0.80 470
Raf1(Phospho-Ser259) 688 1250 1.09 1.13 441

JICAM-1{Ab-512) 295 535 047 049 438
NF kappa B-p100/p52(Ab-889) 581 1053 0.92 0.95 417
CREB(Ab-133) 280 505 044 0.46 383
FGF Receptor 1(Phospho-Tyr154) 605 1091 0.95 0.99 3
P38 MAPK(Phospha-Thr180) 695 1245 1.10 113 30
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|STAT4(Ab-683) 318 569 0.50 0.52 297
I-kappa-B-beta|Phosphe-Ser23) 685 1222 1.08 1.11 231
MEK1(Ab-221) 501 894 079 0.81 251
KK alphalAb-23) 751 1339 1.18 1.2 2,50
555 987 0.88 0.80 221

797 1413 1.26 1.28 1.91

516 914 081 0.83 1.87

464 820 073 074 161

37 653 058 058 128

pddid2 MAP Kinase(Ab-204) 405 707 064 054 0.35
IMEK1({Phospho-Ser217) 478 833 075 078 030
Catenin beta (Phospho-Serd7) 625 1087 088 0.99 0.08
Chk1{Phospho-Ser217) 828 1438 1.31 1.30 0.1
|SAPK/INKiPhospho-Thr183) 957 1660 151 151 -0.24
BRCA1(Phospho-Ser1423) 1027 1782 162 162 -0.28
elF2 alphalAb-51) 530 920 0.84 0.83 029
/42 MAP Kinase(P Thr202 57 1000 091 0.91 042
ISAFIUJNKIAMGS} 391 678 062 061 043
|STAT4{Phospho-Tyr683) 323 554 051 051 043
|BAD{Ab-128) 356 615 0.58 0.58 063
[Chk2(Ab-68) M43 591 054 0.54 -1.13
Chk2{Ab-516) 730 1253 1.15 1.14 -1.31
STAT6(Ab-641) 392 671 062 0.61 -145
|§ﬁm MAP Kinase(Ab-202) 471 808 0.74 0.73 146
I-kappa-B-alpha Phospho-Ser32/Phospho-Ser36) 782 1340 1.23 1.22 -1.53
BCL-2{Phospha-Thr56) 389 664 061 0.60 -1.75
|Ed|:25r'—‘\ (Ab-73) 747 1275 1.18 1.16 -1.84
|BE>L~2L‘M} 289 491 044 044 238
CDK2({Phospho-The 160) 567 262 0.89 0.87 -244
e-Juni{Phosphe-Ser73) 605 1026 095 0.93 248
|STATH(AL-645) 869 1475 1.37 1.34 -2.49
456 il 072 070 278

514 564 081 0.78 -3.24

380 638 0.60 0.58 3,60

444 741 0.70 0.67 -3.98

[ 769 1283 121 1.18 407
IMetiPhospho-Tyr1349) 177 24 028 0.27 428
FKHR{Phospho-Ser256) 665 1100 105 1.00 481
STATE(Phospho-Thri45) 818 1348 1.29 1.22 5.21
Chk2{Phospho-Thr68) 390 642 061 0.58 525
Kip1(P! 0) 847 1065 102 097 545
Akt2(Phospho-SerdT4) 928 1524 148 1.38 555
3% [ 083 0.59 569

303 497 048 0.45 573

331 542 052 040 582

839 1371 1.32 1.24 -6.08

209 41 033 0.31 5627

(! 720 1171 1.14 1.06 -6.51
14-3-3 ZetalAb-58) 825 1338 1.30 121 -6.80
CrklliPhospho-Tyr221) 1089 1762 1.73 1.60 -7.84
JunB{Phospho-Ser259) 503 950 0.94 0.88 -1.06
Rac1/cdcd2{Phospho-Seri1) 803 1284 1.27 1.16 -8.00
Estrogen Receplor-alpha (Phospho-Ser167) 997 1594 1.57 145 -8.08
HSP27(Phospho-Ser78) 859 1372 1.36 1.24 -3.16
P38 MAPK(Phospho-Tyr182) 959 1331 1351 1.39 -8.21
KK alpha(Phospho-Thr23) 997 1590 1.57 144 -8.29
Integrin beta-3(Ab-773) 1007 1599 1.59 145 -3.72
Beta actin 645 1022 102 0.93 494
4E-BP1(Phospho-Thr36) 801 1267 1.26 1.15 -0.03
PDGF Receptor betalPhospho-Tyr751) 788 1244 124 113 9.23
MSK1 376 755 1190 119 1.g§ 935
Elk-1{Ab-383] 627 968 099 0.90 943
HDACE(Phosphe-Serld) 927 1460 146 1.32 -3.49
|re{Phospho-Tyrd18) 439 688 0,69 0,62 099
IBAD{ Phospho-Ser155) 902 1394 142 1.26 -11.14

- 382 -



Appendix 4D — Expression Levels of Cellular Kinases and Cancer Signalling Proteins in K562-Dox Cells

NF kappa B-5100/p52(phospho-Ser85) %8 59 081 054 1128
NF kappa B-n105/p50(Phosphe-Serd07) 443 682 070 082 -11.48
HSP27(Phospho-Ser15) 480 734 078 067 -12.15
[Chk1(Phospho-Ser34s) 326 497 051 045 -1229
IMyciPhospho-Thr358) 496 756 078 0.9 1231
GSK3-alpha(Phosphe-Ser21) 733 1116 118 101 -1246
|ICAM-1{Phospho-Tyr512) 724 1096 114 0.99 -12.08
INF kappa B-p100/p52(Phosphe-SerB68) 384 578 0.61 0.52 -1342
14-3-3 Zeta(Phosphe-Ser58) 443 866 070 080 1368
Tau(Phospho-Ser404) 509 762 0.80 0,69 -1389
Catenin beta (Ab-37) 1734 2500 274 235 -14.14
HSP27(Ab-78) 264 303 042 038 1450
Mat{Ab-1349) 1008 1498 159 135 1452
JunD(Phospho-Ser255) 805 1189 127 1.08 -15.10
She(Phesphe-Tyr34g) 805 1187 1.27 1,08 -15.25
p53(Ab-6) 384 566 061 051 -15.32
POK1(Ab-241) 2131 3125 336 283 -15.69
Integrin bata-3(Phospho-Tyr773) 762 1111 1.20 1.01 -16.24
|5HP-2(Phospho-Tyr580) 728 1057 115 0.9 1648
|sTaT1(AB-TO1) 279 404 044 0.37 -16.68
|HER2(Phesghe-Tyr877) 844 1224 133 1.11 -16.60
lF2 alphai Phospho-Sers1) 1083 1579 1.73 143 -16.89
STATSA (Ab-G5) 225 23 035 029 1721
INF kappa B-p85(Phospho-Thr254) 441 632 070 057 -17.70
e-Jun{Phosphe-Ser243) 475 674 075 0.61 -18.30
NF kappa B-p105/p50(AE-337) 260 360 041 033 -18.28
Catenin beta (Phospho-Thrd1/Phospho-Serd5) 698 989 1.10 0.90 -18.60
Je-JuniAb73) 4801 6704 7.58 5.16 1864
NF kanpa B-p100/p52(Ab-855) 1430 2017 226 183 -18.88
[PDK1(Phospho-Ser241) 457 533 072 057 -20.30
AktiPhospho-Ser473) 334 458 053 041 2130
Ip53{Phospho-Ser315) 525 718 0.83 0.65 2144
MEK-2(Phospho-Thr3g4) 748 1013 1.18 0.92 -22.10
FAK(Phospho-Tyr925) A1 461 0.54 0.42 22141
Histone H2A X{Phospheo-Ser138) 1259 1699 1.99 1.54 -22.42
VEGFR2(Ab-851) 1239 1667 196 151 2268
BCL-2{Phospho-Ser70) 1074 1438 170 130 2304
I'nTon(Phuspm-Sarzm) 767 1010 121 092 2426
STATS5A (Phospho-Ser780) 562 1 093 0.71 -2454
MEK1(Phospho-Thr281) &899 915 1.10 0.83 -24.81
Kip1(Ab-10) 189 247 0.30 0.2 -25.00

Trk B(Phosphe-Tyr515) 904 1174 143 1.06 -25.39
IGF-1R (Ab-1161) 472 608 0.74 0.55 2589
BAD{Phaspho-Ser138) 1141 1456 1.80 132 -26.63
|NF kappa B-p105/p50(Phospho-Serd32) 484 603 076 055 -28.29
JunB(P 79 485 602 017 055 -2868
e-Jun(Phosphe-Thra39) 330 408 052 0.37 -28.80
523 639 082 0.58 2073

472 576 074 052 -2080

235 278 037 0.25 3208

1064 1257 168 1.14 -32.10

526 613 083 056 3303

701 768 111 0.70 -37.01

INF kappa B-p105/p50(Phospho-Ser8d3) 734 803 1.16 0.73 3707
|s*m'rs(thpm'ryrj'_os} 704 765 141 0.69 4155
STAT1(Phosphe-Tyr701) 626 679 089 0,52 3765
VEGFR2(Phospho-Tyrd51) 1104 1156 174 1.05 -30.82
c-Kit{Phospho-Tyr721) 4284 4056 676 388 4557
Thi58) 935 877 148 0.80 4611
cde25C(Ab-216) 1394 1274 220 1.16 4748
p53(Phospher-Serf) 959 728 151 0.68 -56.50
GAPDH 796 515 126 047 6282
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Figure 5A.1: Summary of K562 and KU812 cell death following incubation in increasing concentrations of nilotinib

a) K562 and b) KU812 cells were cultured for time points ranging 12-48 h in increasing concentrations of nilotinib and cell death determined by Annexin V/
7-AAD staining. Data demonstrate that K562 cell death occurs following incubation for 36 h and 48 h; KU812 cells are more sensitive with substantial cell
death occurring following incubation greater than 12 h. However, there is minimal impact on K562 cell viability following incubation for 24 h in 75 nM nilotinib
when compared with control cells. Similarly, there is minimal impact on KU812 cell viability following incubation for 12 h in 100 nM nilotinib when compared
with control cells. Annexin V/7-AAD was performed in duplicate with the corresponding survival plots representing the mean. Data represent one experiment

and were normalised to 0 nM nilotinib with control values set at 100% live cells. NIL=nilotinib.

GIUIOIN JO SUoIe)UBdUOD BuiseaIou] Ut uoregnaul BuIMollod S|[8) ZT8NY PUE Z9S) Ul Lead (89 — WS Xipuaddy



- G8¢ -

100+

% live cells after 3 days culture

Figure 5A.2: Summary of K562 and KU812 cell death following incubation in increasing concentrations of nilotinib
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a) K562 and b) KU812 cells were cultured for time points ranging 12-48 h in increasing concentrations of nilotinib and cell death determined by trypan blue

staining. Data demonstrate that K562 cell death occurs following incubation for 48 h; KU812 cells are more sensitive with substantial cell death occurring

following incubation greater than 12 h. However, there is minimal impact on K562 cell viability following incubation for 24 h in 75 nM nilotinib when compared

with control cells. Similarly, there is minimal impact on KU812 cell viability following incubation for 12 h in 100 nM nilotinib when compared with control cells.

Data represent one experiment and were normalised to 0 nM nilotinib with control values set at 100% live cells. NIL=nilotinib.
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Appendix 5B — Fold Change in Transporter mRNA Expression in Cell Lines

Table 5B.1: Summary of fold changes in transporter mRNA expression in K562 cells incubated

for 24 h in the presence versus the absence of 75 nM nilotinib

Transporter Gene Type 0 nM NIL (Ct) +75 nM NIL (Ct) Fold Change
18S Control 8.8 9.0 1.0
ABCA1 Target 37.2 34.3 8.7
ABCA12 Target 35.3 37.1 0.4
ABCA13 Target 315 31.0 1.8
ABCA2 Target 28.9 28.4 1.7
ABCA3 Target 26.6 26.9 1.0
ABCA4 Target 36.5 35.9 18
ABCA9 Target 36.9 32.8 20.7
ABCB1 Target 311 34.0 0.2
ABCB11 Target 35.7 34.9 2.0
ABCB4 Target 36.0 35.1 2.1
ABCB5 Target 36.9 33.0 17.9
ABCB6 Target 27.0 25.8 2.7
ABCC1 Target 27.0 27.9 0.6
ABCC10 Target 27.9 28.0 11
ABCC11 Target Sl 34.4 8.5
ABCC12 Target 40.0 37.0 9.1
ABCC2 Target 35.6 36.0 0.9
ABCC3 Target 37.0 36.9 14
ABCC4 Target 25.0 25.3 0.9
ABCC5 Target 25.0 25.3 0.9
ABCC6 Target 40.0 36.9 9.7
ABCD1 Target 31.0 29.9 2.4
ABCD3 Target 25.7 27.0 0.5
ABCD4 Target 27.8 28.1 0.9
ABCF1 Target 24.9 27.0 0.3
ABCG2 Target 32.9 30.5 6.1
ABCG8 Target 37.1 36.4 19
ACTB Control 20.4 219 0.4
AQP1 Target 27.0 23.9 10.0
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Appendix 5B — Fold Change in Transporter mRNA Expression in Cell Lines

AQP7 Target 37.1 33.9 10.3
AQP9 Target 37.0 40.0 0.1
ATP6VOC Target 25.0 25.9 0.6
ATP7A Target 25.9 26.2 0.9
ATP7B Target 24.9 24.6 14
B2M Control 20.9 21.5 0.8
GAPDH Control 19.0 19.9 0.6
GUSB Control 24.9 25.0 11
HMBS Control 24.9 25.5 0.8
HPRT1 Control 22.9 24.0 0.6
MVP Target 34.6 33.0 3.6
PGK1 Control 20.8 22.9 0.3
PPIA Control 18.7 19.9 05
RPLPO1 Control 18.9 18.9 11
SLC10A1 Target 36.1 29.9 86.9
SLC10A2 Target 40.0 37.0 94
SLC15A1 Target 37.2 40.0 0.2
SLC15A2 Target 32.6 30.9 3.7
SLC16A1 Target 23.0 24.7 0.3
SLC16A2 Target 40.0 40.0 12
SLC16A3 Target 30.9 31.8 0.6
SLC19A1 Target 24.9 28.0 0.1
SLC19A2 Target 25.9 27.9 0.3
SLC19A3 Target 36.9 40.0 0.1
SLC22A1 Target 34.0 323 3.6
SLC22A2 Target 37.3 40.0 0.2
SLC22A3 Target 37.2 40.0 0.7
SLC22A6 Target 40.0 40.0 1.2
SLC22A7 Target 40.0 40.0 1.2
SLC22A8 Target 40.0 40.0 1.2
SLC22A9 Target 40.0 40.0 1.2
SLC25A13 Target 24.9 26.0 0.6
SLC28A1 Target 37.2 36.3 2.1
SLC28A2 Target 37.1 36.3 1.9
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Appendix 5B — Fold Change in Transporter mRNA Expression in Cell Lines

SLC28A3 Target 37.2 34.0 10.7
SLC29A1 Target 23.9 23.6 15
SLC29A2 Target 26.0 28.0 0.3
SLC2A1 Target 24.0 23.0 2.3388
SLC2A2 Target 8.5 322 0.0
SLC2A3 Target 23.0 304 0.0
SLC31A1 Target 24.7 24.9 1.0
SLC38A2 Target 239 25.5 04
SLC38A5 Target 23.0 24.1 0.5
SLC3A1 Target 37.1 36.1 2.4
SLC3A2 Target 23.9 24.3 0.9
SLC5A1 Target 40.0 37.0 9.3
SLC5A4 Target 36.7 36.9 1.0
SLC7A11 Target 26.1 25.9 13
SLC7A5 Target 23.6 26.0 0.2
SLC7A6 Target 25.7 28.0 0.3
SLC7A7 Target 34.9 34.0 2.1
SLC7A8 Target 26.8 27.0 11
SLC7A9 Target 37.2 35.6 37
SLCO1A2 Target 30.9 28.0 8.7
SLCO1B1 Target 35.9 34.1 3.9
SLCO1B3 Target 40.0 40.0 1.2
SLCO2A1 Target 38.0 40.0 0.3
SLCO2B1 Target 28.8 31.9 0.1
SLCO3A1 Target 35.9 34.9 2.4
SLCO4A1 Target 26.0 29.9 0.1
TAP1 Target 30.0 30.0 11
TAP2 Target 25.9 28.7 0.2
TBP Control 24.7 25.9 0.5
UBC Control 21.6 22.9 0.5
VDAC1 Target 21.9 23.9 0.3
VDAC2 Target 25.7 26.9 0.5
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Appendix 5B — Fold Change in Transporter mRNA Expression in Cell Lines

Table 5B.2: Summary of fold changes in transporter mRNA expression in KU812 cells incubated

for 12 hin the presence versus the absence of 100 nM nilotinib

Transporter Gene Type 0 nM NIL (Ct) +100 nM NIL (Ct) | Fold Change
18S Control 11.0 10.5 1.6
ABCA1 Target 28.9 28.6 15
ABCA12 Target 36.6 37.1 0.8
ABCA13 Target 40.0 40.0 12
ABCA2 Target 27.4 27.9 0.8
ABCA3 Target 36.9 35.4 3.3
ABCA4 Target 36.0 34.8 2.8
ABCA9 Target 37.0 215 53879.0
ABCB1 Target 29.6 29.9 0.9
ABCB11 Target 34.9 35.4 0.9
ABCB4 Target 30.7 28.9 3.8
ABCB5 Target 36.9 34.5 6.3
ABCB6 Target 26.8 26.9 1.1
ABCC1 Target 27.0 27.9 0.6
ABCC10 Target 27.9 27.9 1.2
ABCC11 Target 36.9 35.8 2.5
ABCC12 Target 37.2 33.2 17.8
ABCC2 Target 32.9 33.3 0.9
ABCC3 Target 40.0 40.0 12
ABCC4 Target 25.0 254 0.9
ABCC5 Target 25.0 24.9 1.2
ABCC6 Target 40.0 37.0 9.5
ABCD1 Target 31.8 319 1.1
ABCD3 Target 25.0 25.9 0.6
ABCD4 Target 28.6 27.9 1.8
ABCF1 Target 24.7 26.0 0.5
ABCG2 Target 31.0 31.0 1.2
ABCG8 Target 37.0 40.0 0.1
ACTB Control 21.0 22.9 0.3
AQP1 Target 33.0 29.0 18.6
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AQP7 Target 37.2 36.2 2.5
AQP9 Target 37.1 40.0 0.2
ATP6VOC Target 25.9 27.2 0.5
ATPTA Target 26.8 27.0 1.0
ATP7B Target 24.6 23.9 1.8
B2M Control 24.0 24.7 0.7
GAPDH Control 195 20.0 0.8
GUSB Control 26.9 21.7 0.7
HMBS Control 27.5 27.9 0.9
HPRT1 Control 25.7 27.0 0.5
MVP Target 32.9 31.9 2.4
PGK1 Control 23.0 24.7 0.4
PPIA Control 20.0 21.2 0.5
RPLPO1 Control 20.9 20.9 12
SLC10A1 Target 40.0 40.0 1.2
SLC10A2 Target 34.3 36.8 0.2
SLC15A1 Target 40.0 40.0 1.2
SLC15A2 Target 31.4 30.9 1.7
SLC16A1 Target 23.1 23.9 0.7
SLC16A2 Target 37.0 34.3 7.9
SLC16A3 Target 32.0 33.8 0.3
SLC19A1 Target 27.0 29.6 0.2
SLC19A2 Target 27.9 28.9 0.6
SLC19A3 Target 40.0 40.0 1.2
SLC22A1 Target 36.0 35.6 15
SLC22A2 Target 40.0 40.0 12
SLC22A3 Target 38.0 40.0 0.3
SLC22A6 Target 40.0 40.0 1.2
SLC22A7 Target 40.0 38.0 47
SLC22A8 Target 29.0 28.9 1.2
SLC22A9 Target 40.0 40.0 1.2
SLC25A13 Target 26.9 28.2 0.5
SLC28A1 Target 40.0 40.0 1.2
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SLC28A2 Target 37.1 40.0 0.2
SLC28A3 Target 37.0 33.0 18.6
SLC29A1 Target 23.9 27.1 0.1
SLC29A2 Target 26.7 28.9 0.3
SLC2A1 Target 24.8 25.0 11
SLC2A2 Target 40.0 40.0 1.2
SLC2A3 Target 26.0 29.9 0.1
SLC31A1 Target 27.0 27.6 0.7
SLC38A2 Target 25.9 27.0 0.5
SLC38A5 Target 24.9 27.0 0.3
SLC3A1 Target 37.0 36.3 1.8
SLC3A2 Target 25.9 26.9 0.6
SLC5A1 Target 37.1 40.0 0.2
SLC5A4 Target 40.0 40.0 1.2
SLC7A11 Target 28.9 30.2 0.5
SLC7A5 Target 27.6 30.0 0.2
SLC7A6 Target 27.8 29.9 0.3
SLC7A7 Target 36.7 37.0 1.0
SLC7A8 Target 26.0 26.7 0.7
SLC7A9 Target 36.8 37.0 1.0
SLCO1A2 Target 30.9 28.6 5.9
SLCO1B1 Target 38.0 36.0 4.6
SLCO1B3 Target 36.9 37.1 1.1
SLCO2A1 Target 37.3 35.8 33
SLCO2B1 Target 35.9 34.7 2.7
SLCO3A1 Target 4.8 35.3 0.0
SLCO4A1 Target 27.4 32.0 0.0
TAP1 Target 29.9 28.5 31
TAP2 Target 28.0 28.9 0.6
TBP Control 25.0 25.8 0.7
UBC Control 22.9 23.4 0.8
VDAC1 Target 23.9 26.0 0.3
VDAC2 Target 32.4 33.0 0.8
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Table 5B.3: Summary of fold changes in transporter mRNA expression in K562 cells cultured

long term in the presence of 300 nM nilotinib compared with control cells

Transporter Gene Type Control (Ct) +300 nM NIL (Ct) | Fold Change
18S Control 14.7 14.3 1.4
ABCA1 Target 37.0 34.9 4.9
ABCA12 Target 36.9 36.3 1.6
ABCA13 Target 29.7 274 5.2
ABCA2 Target 274 25.9 3.0
ABCA3 Target 25.1 26.1 0.6
ABCA4 Target 324 31.6 19
ABCA9 Target 37.0 345 5.9
ABCB1 Target 29.6 25.4 19.9
ABCB11 Target 32.9 34.2 0.5
ABCB4 Target 34.9 34.3 16
ABCB5 Target 37.7 36.7 2.2
ABCB6 Target 25.1 24.6 1.6
ABCC1 Target 24.7 24.8 1.1
ABCC10 Target 25.3 25.9 0.7
ABCC11 Target 35.2 36.5 04
ABCC12 Target 40.0 39.0 2.1
ABCC2 Target 34.8 35.7 0.6
ABCC3 Target 38.4 36.1 5.2
ABCC4 Target 24.8 24.8 11
ABCC5 Target 23.2 24.3 0.5
ABCC6 Target 37.4 31.6 64.5
ABCD1 Target 28.7 27.9 1.9
ABCD3 Target 24.5 25.3 0.6
ABCD4 Target 26.9 27.9 0.6
ABCF1 Target 23.8 24.2 0.8
ABCG2 Target 32.6 34.7 0.3
ABCG8 Target 37.9 36.4 31
ACTB Control 21.0 21.2 0.9
AQP1 Target 30.8 26.9 16.2
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AQP7 Target 35.6 36.5 0.6
AQP9 Target 33.6 345 0.6
ATP6VOC Target 22.3 22.6 0.8
ATPTA Target 26.5 27.5 0.5
ATP7B Target 24.2 23.8 15
B2M Control 19.5 19.7 1.0
GAPDH Control 17.8 18.1 0.9
GUSB Control 22.0 22.0 1.0
HMBS Control 22.4 23.1 0.7
HPRT1 Control 22.5 23.1 0.7
MVP Target 29.7 29.7 1.1
PGK1 Control 20.6 20.8 0.9
PPIA Control 18.0 18.7 0.7
RPLPO Control 16.8 17.1 0.9
SLC10A1 Target 40.0 34.3 58.2
SLC10A2 Target 40.0 40.0 1.1
SLC15A1 Target 35.8 40.0 0.1
SLC15A2 Target 31.9 29.2 6.6
SLC16A1 Target 21.8 22.7 0.6
SLC16A2 Target 40.0 40.0 1.1
SLC16A3 Target 30.7 27.3 11.2
SLC19A1 Target 25.3 25.3 1.1
SLC19A2 Target 24.9 25.1 1.0
SLC19A3 Target 40.0 40.0 1.1
SLC22A1 Target 32.6 311 31
SLC22A2 Target 40.0 40.0 11
SLC22A3 Target 40.0 40.0 1.1
SLC22A6 Target 40.0 40.0 1.1
SLC22A7 Target 40.0 38.8 2.4
SLC22A8 Target 40.0 39.8 1.3
SLC22A9 Target 40.0 39.9 1.2
SLC25A13 Target 23.1 231 11
SLC28A1 Target 40.0 40.0 1.1
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SLC28A2 Target 40.0 40.0 1.1
SLC28A3 Target 37.9 33.7 20.3
SLC29A1 Target 22.5 21.7 1.9
SLC29A2 Target 25.6 25.0 1.7
SLC2A1 Target 21.8 20.9 2.0
SLC2A2 Target 40.0 40.0 11
SLC2A3 Target 21.9 23.9 0.3
SLC31A1 Target 21.9 23.0 0.5
SLC38A2 Target 22.1 22.4 0.9
SLC38A5 Target 23.0 23.2 0.9
SLC3A1 Target 39.1 37.3 3.6
SLC3A2 Target 20.2 21.2 0.5
SLC5A1 Target 37.8 37.0 1.9
SLC5A4 Target 40.0 40.0 1.1
SLC7A11 Target 22.5 23.2 0.7
SLC7A5 Target 21.7 23.5 0.3
SLC7A6 Target 23.7 24.3 0.7
SLC7A7 Target 32.6 321 15
SLC7A8 Target 25.0 26.0 0.5
SLC7A9 Target 375 40.0 0.2
SLCO1A2 Target 27.3 29.7 0.2
SLCO1B1 Target 32.0 40.0 0.0
SLCO1B3 Target 40.0 40.0 1.1
SLCO2A1 Target 40.0 40.0 1.1
SLCO2B1 Target 311 26.7 22.7
SLCO3A1 Target 32.6 32.7 1.0
SLCO4A1 Target 27.8 217.7 11
TAP1 Target 26.8 21.7 0.6
TAP2 Target 24.2 25.8 04
TBP Control 23.6 24.1 0.8
UBC Control 19.9 19.9 1.1
VDAC1 Target 21.4 22.1 0.7
VDAC2 Target 26.6 27.1 0.8
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Table 5B.4: Summary of fold changes in transporter mRNA expression in K562 cells cultured

long term in the presence of 2 pM nilotinib compared with control cells

Transporter Gene Type Control (Ct) +2 UM NIL (Ct) Fold Change
18S Control 10.0 10.0 1.0
ABCA1 Target 35.9 36.9 0.5
ABCA12 Target 37.0 37.0 1.0
ABCA13 Target 31.9 29.9 4.0
ABCA2 Target 26.9 27.0 1.0
ABCA3 Target 26.9 28.0 0.5
ABCA4 Target 32.0 34.0 0.3
ABCA9 Target 35.9 36.0 1.0
ABCB1 Target 31.0 29.0 4.0
ABCB11 Target 34.0 34.9 0.5
ABCB4 Target 31.9 36.9 0.0
ABCB5 Target 36.9 36.9 1.0
ABCB6 Target 27.9 27.0 19
ABCC1 Target 27.0 27.0 1.0
ABCC10 Target 27.9 27.9 1.0
ABCC11 Target 35.9 37.0 0.5
ABCC12 Target 37.1 36.9 1.2
ABCC2 Target 36.0 35.9 1.0
ABCC3 Target 37.0 37.3 0.8
ABCC4 Target 25.0 26.0 0.5
ABCC5 Target 26.0 26.0 1.0
ABCC6 Target 37.0 33.9 8.1
ABCD1 Target 30.0 29.0 2.0
ABCD3 Target 26.0 26.0 1.0
ABCD4 Target 28.0 29.0 0.5
ABCF1 Target 25.0 25.0 1.0
ABCG2 Target 36.0 35.9 1.0
ABCG8 Target 36.9 40.0 0.1
ACTB Control 22.9 23.0 1.0
AQP1 Target 30.0 27.0 7.9

-395 -



Appendix 5B — Fold Change in Transporter mRNA Expression in Cell Lines

AQP7 Target 37.2 37.0 1.2
AQP9 Target 30.9 35.0 0.1
ATP6VOC Target 25.0 24.9 1.0
ATPTA Target 26.9 27.0 1.0
ATP7B Target 24.9 24.9 1.0
B2M Control 20.9 21.0 1.0
GAPDH Control 20.0 20.0 1.0
GUSB Control 24.0 23.9 1.0
HMBS Control 24.9 24.9 1.0
HPRT1 Control 24.0 24.0 1.0
MVP Target 31.0 32.0 0.5
PGK1 Control 21.9 22.0 1.0
PPIA Control 20.0 20.0 1.0
RPLPO Control 17.9 17.9 1.0
SLC10A1 Target 40.0 32.0 248.3
SLC10A2 Target 40.0 40.0 1.0
SLC15A1 Target 37.1 37.0 1.0
SLC15A2 Target 31.9 30.9 2.0
SLC16A1 Target 23.0 24.0 0.5
SLC16A2 Target 40.0 37.1 7.5
SLC16A3 Target 33.0 29.0 16.0
SLC19A1 Target 27.0 27.0 1.0
SLC19A2 Target 26.9 26.9 1.0
SLC19A3 Target 40.0 13.2 119997543.9
SLC22A1 Target 34.0 33.0 2.0
SLC22A2 Target 36.9 37.1 0.8
SLC22A3 Target 36.9 37.1 0.8
SLC22A6 Target 40.0 40.0 1.0
SLC22A7 Target 375 37.2 1.2
SLC22A8 Target 37.0 7.7 621847739.5
SLC22A9 Target 40.0 40.0 1.0
SLC25A13 Target 25.0 25.0 1.0
SLC28A1 Target 36.8 40.0 0.1
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SLC28A2 Target 37.2 40.0 0.1
SLC28A3 Target 37.0 35.9 2.0
SLC29A1 Target 23.9 22.9 2.0
SLC29A2 Target 25.9 25.9 1.0
SLC2A1 Target 25.0 24.0 2.0
SLC2A2 Target 40.0 40.0 1.0
SLC2A3 Target 23.9 25.9 0.3
SLC31A1 Target 23.9 26.0 0.2
SLC38A2 Target 23.9 23.9 1.0
SLC38A5 Target 24.9 24.0 1.9
SLC3A1 Target 36.9 36.9 1.0
SLC3A2 Target 22.9 23.9 0.5
SLC5A1 Target 36.9 38.0 0.5
SLC5A4 Target 32.9 33.0 0.9
SLC7A11 Target 24.9 25.9 0.5
SLC7A5 Target 23.9 26.0 0.2
SLC7A6 Target 25.9 27.0 0.5
SLC7A7 Target 32.9 329 1.0
SLC7A8 Target 27.0 26.9 1.0
SLC7A9 Target 36.9 36.9 1.0
SLCO1A2 Target 28.9 319 0.1
SLCO1B1 Target 34.9 37.2 0.2
SLCO1B3 Target 40.0 40.0 1.0
SLCO2A1 Target 37.1 40.0 0.1
SLCO2B1 Target 29.0 26.0 8.3
SLCO3A1 Target 32.0 36.0 0.1
SLCO4A1 Target 30.0 29.0 2.0
TAP1 Target 29.0 29.0 1.0
TAP2 Target 27.0 26.9 1.0
TBP Control 26.0 24.9 2.1
UBC Control 20.9 20.9 1.0
VDAC1 Target 23.0 23.0 1.0
VDAC2 Target 28.0 29.0 0.5
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Appendix 5C — mRNA Expression Levels of Cellular Transporters in K562 Cells During Nilotinib Resistance Development

Table 5C: Summary of Ct values for cellular transporters in K562 cells during development of

resistance to nilotinib

Resistance Average Ct

Intermediate ABCA9 ABCC12 | SLC10Al1 | SLC28A3
Positive Control - - - 25.1
Control 314 38.5 335 36.2
15nM ND 38.3 33.9 34.8
25nM ND NEG 35.8 35.6
50 nM ND 38.6 335 35.0
75 nM ND 37.8 37.6 32.4
100 nM ND 36.8 33.1 34.4
125 nM 30.5 35.1 31.6 30.7
140 nM ND 37.0 30.0 30.6
200 nM ND 31.7 305 314
300 nM 27.9 38.3 30.2 31.0
400 nM ND 38.2 31.0 31.0
1uM ND 39.6 31.0 318
2 UM 311 31.7 32.7 32.6

ND=not determined; NEG=negative expression levels; Ct=cycle threshold (the number of cycles

required for the fluorescent signal to exceed background level).
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Appendix 6A — ABCBL1 Expression in Newly Thawed Control and Resistant K562 Cells
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Figure 6A: ABCBL protein expression in K562 cells pre- and 24 h post-nilotinib exposure

K562 control and newly thawed K562 2 uM NIL cells were stained with fluorescently labelled antibodies
for ABCB1 a) pre-nilotinib exposure and b) 24 h post-nilotinio exposure and transporter protein
expression levels determined by flow cytometric analysis. Data demonstrate up-regulation of ABCB1
expression immediately following exposure to 2 uM nilotinib. The bold BLACK and BLUE lines
represent control and 2 uM NIL resistant cells respectively stained with ABCB1-PE antibody. The
GREY filled histogram represents cells stained with corresponding isotype control antibody. The

percentages displayed denote cells positive for transporter expression.
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