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Abstract

Colony stimulating Factor-1 Receptor (CSF-1R, FMS) and FMS-like Tyrosine
Kinase-3 (FLT3) are members of the type III receptor tyrosine kinase (RTK) family.
They have been implicated in a wide range of physiological and pathological processes
including cancer and inflammatory diseases. Therefore blockade of their kinase activity
using small molecule inhibitors (SMIs) may be a helpful treatment strategy for diseases
associated with aberrant expression of FMS and FLT3. In this study, a cellular system
for evaluation of SMIs was established by separate expression of human FMS and FLT3
in murine factor dependent FDC-P1 early myeloid cells. cDNAs encoding wild-type
(WT) human FMS and FLT3 as well as leukaemia-associated constitutively active
mutant forms of FLT3 (internal tandem duplication (ITD), D835V and D835Y) in the
expression vector MSCV-IRES-GFP were introduced into FDC-P1 cells by retroviral
transduction. Transduced cells were selected by Fluorescence-activated cell sorting
(FACS) for green fluorescent protein GFP and growth in CSF-1 (also known as M-
CSF), FLT3 ligand (FLT3L) or, in the case of FLT3 mutants, in the absence of growth
factor. The coding regions for the CSF-1 and FLT3L were cloned from RNA extracted
from K562, human erythroleukaemia cells and recombinant growth factors were
produced in the yeast, Pichia pastoris.

Several known SMIs of one or more Type III RTKs were evaluated for inhibition of
FMS and FLT3 driven cell proliferation. Imatinib, dasatinib and sunitinib are potent
inhibitors of ¢-KIT, while PKC412 and CEP701 are FLT3 inhibitors. The potency and
selectivity of these SMIs were evaluated by inhibition of cell growth in presence of
either mouse granulocyte macrophage colony-stimulating factor GM-CSF (control) or
specific human growth factors (CSF-1 and FLT3L) and confirmed by inhibition of FMS
and FLT3 phosphorylation upon stimulation by their cognate ligands. Each of these
SMIs inhibited FMS kinase activity while FLT3 kinase (both WT and mutants) was
inhibited by CEP701, PKC412 and to some degree by sunitinib, but not imatinib or
dasatinib. The binding modes of the SMIs were predicted by molecular docking into
homology models based on crystal structures of related kinases. Because kinase
domains adopt different conformations in the inactive, active and inhibited states,
multiple models of each kinase were evaluated. The binding mode data were correlated

with selectivity and potency of the SMIs.
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Each of the small molecule inhibitors studied in this project represent a unique mode
of activity against kinases, but in general they can be classified into three main
categories. Firstly, molecules interacting mainly with the catalytic area (such as
imatinib) taking advantage of the relatively unique substrate recognition site to be
relatively selective, but affected adversely by the conformational switch during
activation of the kinase domain. Secondly, molecules which interact exclusively with
the ATP binding area (such as PKC412 and CEP701) can be effective on both active
and inactive forms of kinases by taking advantage of binding to the area with least
conformational changes during activation. However, it comes at the cost of less
selectivity as this area is widely conserved among different types of kinases. Dasatinib,
on the other hand, seems to have benefited from a kind of balanced interaction with both
of these areas enabling it to be potent as well as relatively selective for the kinases with
a threonine as gate-keeper residue. These examples show that extension of the purine-
like core structure is required for high potency; otherwise the inhibitor (a molecule such
as sunitinib) will not be able to compete with high concentration of ATP for binding to
the active conformation of kinase. Extensions toward the ribose and phosphate groups
(in molecules such as PKC412 and CEP701) result in increased potency, but decreased
selectivity. To achieve higher potency and relative selectivity at the same time, the core
structure should be extended toward the catalytic area (i.e. dasatinib). However, it
should be limited to the vicinity of gate-keeper residue; otherwise the molecule will be
vulnerable to the conformational changes during activation as explained for imatinib.

The implications for design of SMIs of tyrosine kinases are discussed. Since the
catalytic region is less stringently conserved and more influenced by conformational
changes on activation, there is a high possibility of point mutations giving rise to
resistance against SMIs targeting this region. If highly selective inhibitors are required,
targeting of the catalytic area will be the choice, but if the aim is preventing or
overcoming drug resistance in cancers due to mutations in the catalytic area (e.g. T6701
in KIT) or strongly favouring the active conformation of the kinase domain (e.g. D816V
in KIT or D835V/Y in FLT3), then the hinge region should be considered as the tar get
area. It also will be possible to balance the selectivity and the potency by designing
molecules that bridge the catalytic area and the hinge region. These findings will help in

the design of new SMIs against the kinases according to each specific problem.
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