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A B S T R A C T

Bosutinib (SKI-606) is an orally active Src and Abl kinase inhibitor presently in Phase III tri-

als for treatment of chronic myelogenous leukaemia (CML), and in Phase II trials for treat-

ment of breast cancer. Bosutinib is a potent antiproliferative and proapoptotic agent in CML

cells and inhibits Bcr-Abl mediated signalling at nanomolar concentrations. Short-term

administration of bosutinib causes regression of K562 and KU812 CML tumour xenografts.

BaF3 murine myeloid cells expressing wild-type Bcr-Abl are sensitive to bosutinib treat-

ment, as are BaF3 cells expressing many imatinib-resistant forms of Bcr-Abl. Recent studies

indicate that bosutinib is active against a broader spectrum of kinases than originally

believed. These additional inhibitory activities have interesting possibilities for further

clinical development. This review will focus on preclinical studies supporting the clinical

development of bosutinib for treatment of CML, with a discussion on the broader potential

of this agent in other oncology indications.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

The non-receptor protein tyrosine kinase c-Src (Src) has been

a candidate for drug development for nearly two decades.1

Oncology indications proposed for inhibitors of Src kinase

activity include inhibition of primary tumour growth in sev-

eral types of cancer, metastatic disease and lytic bone dis-

ease. Other indications, which have thus far been limited to

preclinical investigations, include osteoporosis, ischaemic

stroke, myocardial infarction and polycystic kidney disease.
er Ltd. All rights reserved
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oschelli).
Interestingly, the mechanistic basis for use of Src inhibitors

in these other indications is relevant to oncology applications.

Four pharmaceutical companies, AstraZeneca (saracatinib,

AZD0530), Bristol Myers Squibb (dasatinib, BMS-354825),

Wyeth (now Pfizer) (bosutinib, SKI-606) and Kinex (KX2-391,

KX01) have Src inhibitors in various clinical trials for solid tu-

mours.2–5 The first three agents are ATP-binding site compet-

itive inhibitors, while KX2-391 is a substrate-binding site

inhibitor (see Fig. 1). Because the activated kinase domains

of Src and the cytoplasmic tyrosine kinase Abl are structurally
.

57.
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Fig. 1 – Structures of Src inhibitors presently in clinical trials.
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related, the three Src ATP-competitive inhibitors in clinical

development are also potent Abl kinase inhibitors.2,4,6 This

serendipitous activity allowed clinical development of both

dasatinib and bosutinib for treatment of chronic myeloge-

nous leukaemia (CML). Dasatinib is approved for imatinib

resistant or intolerant CML, while dasatinib and bosutinib

are in Phase III trials for use in front-line treatment of CML.7

The first studies describing bosutinib activity were pub-

lished in 2001.5 At that time, a limited activity profile was dis-

closed, and the catch-phrase of ‘selective’ kinase inhibitor

was used, since of the kinases examined, only Src and related

family members were potently inhibited by bosutinib. Since

that time, additional studies at Wyeth and elsewhere have

indicated that the kinase inhibition profile of bosutinib is

far less restricted than originally thought. Puttini and col-

leagues profiled a panel of 60 kinases and found that Csk,

the kinase that phosphorylates c-Src directly on its negative

regulatory tyrosine phosphorylation site (Y530), is inhibited

by bosutinib.8 Bantscheff and colleagues and more recently

Rix and colleagues showed that bosutinib binds and inhibits

a wider range of both tyrosine and serine–threonine kinases

bearing little similarity in primary sequence.9,10 Enzymatic

assays conducted internally are in good agreement with these

published studies. While lack of selectivity can be viewed as a

potential drawback to clinical use of a kinase inhibitor, it can

also provide opportunities for developing the inhibitor in

appropriate clinical settings. For example, the c-Kit activity
of the Abl kinase inhibitor imatinib allowed its development

for treatment of gastrointestinal stromal tumour (GIST) pa-

tients.11 On the other hand, the c-Kit and PDGF receptor

inhibitory activity of imatinib are believed to contribute to

side-effects in patients. At present, our ability to predict ad-

verse effects on the basis of an inhibitory profile is limited.

The liability of the additional inhibitory activities must there-

fore be determined empirically, while any benefit would en-

sue according to our understanding of the role of additional

targets in human cancer.

The relative ease of developing Src/Abl inhibitors in a CML

setting arises from the fact that early stage disease is driven

by the kinase activity of Bcr-Abl, an oncogenic variant of Abl

expressed in CML cells.12 The clinical success of imatinib in

treating CML firmly confirmed the direct relationship between

disease and pharmacological target.13 Moreover, clinical effi-

cacy is directly related to well-understood biomarker re-

sponses. The same cannot be said for clinical development

of these agents as Src inhibitors.

Elevated levels and activity, but not structural abnormali-

ties of Src in breast, colorectal and sarcoma tumour samples

were first reported in the 1980s.14–17 These experiments dem-

onstrated modest increases in Src levels in tumour cell lysates

relative to lysates of normal tissue. Subsequent studies

showed that Src activation was an early event in colorectal

cancer, and that metastases of colorectal carcinomas had

very high levels of Src and Src kinase activity.18,19 Further-
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more, modest elevation of Src levels is an indicator of poor

prognosis in colorectal cancer.20,21 Experimental evidence

supports a role for Src in metastasis. Src-expressing D121

murine tumour xenografts implanted in Src-null mice exhib-

ited impaired metastasis compared to the same tumours

growing in mice with an active Src gene, consistent with

numerous diverse observations indicating that Src activation

promotes cell mobility and reduces cell–cell and cell–matrix

interaction.22–25 Dominant negative forms of Src inhibit tu-

mour cell metastasis, and treatment with Src inhibitors,

including bosutinib, also reduced metastatic burden in sev-

eral tumour models.24,26–29 It is reasonable to suppose then

that tumour cells expressing high levels of Src are predis-

posed to metastasis, and that Src inhibitors would act as

anti-metastatic agents. Clinical development of a Src inhibi-

tor in this context would be a lengthy and high-risk venture.

In the past several years, preclinical data suggesting that

Src inhibitors might be effective in the treatment of glioblas-

toma and pancreatic cancer were published.30,31 Src is impor-

tant in steroid hormone-dependent signalling in breast and

prostate cancer, and in the acquisition of resistance to hor-

mone ablation therapy.32,33 In addition, metastatic bone dis-

ease has long been considered a potential application for

Src inhibitors, and recent studies suggest that Src is required

for growth of breast tumour cells in the bone marrow.34 Hope-

fully, solid clinical data supporting these indications will ap-

pear in the not too distant future.

Bosutinib is presently in Phase III trials for CML. The pre-

clinical studies supporting the clinical development of bosuti-

nib in CML are described in this review.
2. Identification of 3-quinolinecarbonitriles as
Src inhibitors

A Src kinase-dependent yeast screen led to characterisation

of a 4-anilino-3-quinolinecarbonitrile as a Src inhibitor.35 This

class of compounds includes known kinase inhibitors, and

Wyeth has developed related compounds, the epidermal

growth factor receptor inhibitor pelitinib (EKB-569) and the

Her2 receptor inhibitor neratinib (HKI-272) for oncology

indications.36,37 The hit from the yeast screen was a 30 nM

inhibitor of Src kinase activity in an enzyme-linked immuno-

sorbent (ELISA) assay. A focused enzyme assay screen of

related compounds identified a compound with an IC50 (con-

centration required for 50% inhibition) of 15 nM in the same

assay. Features of these two compounds were combined to

yield a 4 nM Src inhibitor. Attachment of solubilising groups

to improve cellular activity also increased enzyme activity

and led to bosutinib, a 1.2 nM Src inhibitor the ELISA assay.

In a homogeneous (Lance) assay, bosutinib exhibited an IC50

of 3.5 nM.5 A more complete discussion of bosutinib activities

is given below.
3. Bosutinib in CML cells

Clinical trials for bosutinib in CML are in Phase III, with clear

evidence of efficacy. Bosutinib was disclosed as an Abl kinase

inhibitor in 2003.6 The Abl inhibitory activity was discovered
by screening a panel of tumour cell lines, including the

Philadelphia chromosome-positive cell lines K562, KU812 and

Meg-01. Potent antiproliferative activity was observed in these

cell lines, but not in other leukaemia cell lines, except HSB2, a T

cell leukaemia line with mutationally activated Lck, or T cell

acute lymphoblastic leukaemia cells with the Nup214-Abl fu-

sion (data not shown, FB).38,39 KU812 cells, for instance, were

inhibited with an IC50 of 5 nM, a great leap from the micromo-

lar antiproliferative activity of bosutinib observed in most hu-

man tumour cell lines. These results suggested that bosutinib

was an Abl kinase inhibitor, and when tested in an Abl kinase

assay, bosutinib had an IC50 of 1.4 nM, slightly more potent

than the 3.5 nM Src inhibitory activity in a similar assay for-

mat. Bosutinib also inhibited the proliferation of v-Abl-trans-

formed fibroblasts growing in suspension, much as was

observed with Src-transformed fibroblasts, and the antiprolif-

erative activity correlated with inhibition of phosphorylation

of v-Abl, and of Bcr-Abl in CML cells. Puttini and colleagues

confirmed these findings and demonstrated that this activity

extended to mutated forms of Bcr-Abl (see below).8 Bosutinib

administered orally for 5 consecutive days caused regression

of K562 CML tumours.6 The lowest effective dose in this regi-

men was 15 mg/kg, corresponding to an AUC of 2054 ng h/mL,

which compared favourably with clinical exposures of 2851

and 3660 ng h/mL at the once daily 400 and 500 mg doses,

respectively40,41 All of these results supported a therapeutic

role of bosutinib for treatment of CML.
4. Bosutinib effects on signalling downstream
of Bcr-Abl

Key elements of the Bcr-Abl signalling pathway important

for CML cell proliferation and survival include phosphoryla-

tion of Bcr-Abl itself and phosphorylation of the docking

protein CrkL on Y207. Src family kinases, including Lyn

and Hck, also play a role in downstream signalling. In cul-

tured CML cells, bosutinib treatment reduced Y245 Bcr-Abl

phosphorylation, Y207 phosphorylation on CrkL, a clinical

marker for biomarker efficacy, Y694 phosphorylation of

the transcription factor STAT5 and Y397 phosphorylation

of the Src family kinase Lyn.6,40 These results are consistent

with the Src and Abl kinase inhibitory activities of bosuti-

nib. Mancini and collegues, in a study with murine myeloid

lines transformed by Bcr-Abl, showed that bosutinib also

reduced Cdk2 levels, behaviour not seen with imatinib

treatment.42
5. Bosutinib effects on primary CML cells

Konig and colleagues found that bosutinib inhibited prolifera-

tion of primitive and committed CML progenitor cells from

chronic phase CML patients. Under the conditions used, little

effect was observed in normal cells. A small increase in apop-

tosis was observed in CML-committed progenitor cells (CD34+

CD38+) treated with bosutinib, but, as was the case with other

Abl kinase inhibitors, bosutinib treatment did not eliminate

primitive (CD34+ CD38–) CML cells at the highest concentra-

tion studied.43,44
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6. Bosutinib activity against imatinib-
resistant forms of Bcr-Abl

Puttini and colleagues reported that CML cell lines selected

for imatinib-resistance were sensitive to bosutinib.8 Bosutinib

also inhibited the proliferation of BaF3 murine myeloid cells

expressing Bcr-Abl with mutations Y253F, E255K and D276G

at low concentrations, but was much less effective against

cell expressing T315I Bcr-Abl. Bosutinib administered at

75 mg/kg po bid or 150 mg/kg po qd caused tumour regression

and kept animals with subcutaneous KU812 xenografts tu-

mour free out to 210 d. Tumours arising from the BaF3 Bcr-

Abl transfectants were more refractory to treatment. Bosuti-

nib caused regression of wt Bcr-Abl expressing BaF3 tumours,

but tumours recovered a few weeks after dosing was

stopped.8 A summary of the responses of BaF3 tumours
Table 1 – Bosutinib activity against Bcr-Abl BaF3 tumour
xenografts.

Bcr-Abl Dose Effect

WT 150 mg/kg qd Regression/relapse
E255K 150 mg/kg qd Regression/relapse
Y253F 75 mg/kg bid Slight regression/relapse
D276G 75 mg/kg bid Slight regression /relapse
T315I 150 mg/kg qd No inhibition

Imatinib 

Parental 10.78 
WT 1 
L248V 3.54 
G250E 6.86 
Q252H 1.39 
Y253F 3.58 
E255K 6.02 

P –LOOP 

E255V 16.99 
D276G 2.18 

C-Helix E279K 3.55 
V299L 1.54 
T315I 17.50 Active site 
F317L 2.60 

SH2-contact M351T 1.76 
Active site F359V 2.86 

L384M 1.28 
H396P 2.43 
H396R 3.91 

A-LOOP 

G398R 0.35 
C terminal lobe F486S 8.10 

Sensitive ≤2 
Resistant 2.01 - 10 
highly resistant >10 

Fig. 2 – Relative IC50 values for bosutinib, imatinib, dasatinib, and

Ba/F3 transfected cells (reprinted from J Clin Oncol 2009; 27:469–

performed with BaF3 murine myeloid cells expressing the indica

IC50 of the compound in the given cell line relative to the IC50 o
expressing wt or four different imatinib-resistant Bcr-Abl mu-

tants is given in Table 1. Only the T315I tumours were com-

pletely resistant to treatment.

7. Bosutinib in comparison with dasatinib and
the Abl kinase inhibitor nilotinib

A recent study by Redaelli and colleagues described relative

activities of bosutinib, dasatinib and nilotinib against a panel

of imatinib-resistant Bcr-Abl mutants in BaF3 murine myeloid

cells.45 Nilotinib is a second generation Abl kinase inhibitor of

the same chemical class as imatinib, but considerably more

potent in vitro. It is presently approved for second line treat-

ment of CML and has exhibited superior efficacy to imatinib

in a comparative Phase III trial.46 The mutations in Bcr-Abl

spanned the catalytic domain and represented many Bcr-

Abl variants prevalent in the clinic. These data are reproduced

in Fig. 2.

Dasatinib was the most potent of these inhibitors against

wt Bcr-Abl and most of the mutants, and when examined in

this simple context might seem greatly superior to nilotinib

and bosutinib. Clinical observations belie this simple descrip-

tion, as noted by the authors in the case of the F317L muta-

tion, which, while responding with an IC50 of 8 nM in the

BaF3 assay, is insensitive to dasatinib in the clinic, while re-

sponses have been noted for bosutinib, which has an IC50 of

100 nM. For this reason, the authors chose the ratio of the mu-

tant to wt IC50 as a better predictor of clinical efficacy. When
IC50-fold increase (WT=1) 

Bosutinib Dasatinib Nilotinib 

38.31 >50 38.43 
1 1 1 

2.97 5.11 2.80 
4.31 4.45 4.56 
0.81 3.05 2.64 
0.96 1.58 3.23 
9.47 5.61 6.69 
5.53 3.44 10.31 
0.60 1.44 2.00 
0.95 1.64 2.05 
26.10 8.65 1.34 
45.42 75.03 39.41 
2.42 4.46 2.22 
0.70 0.88 0.44 
0.93 1.49 5.16 
0.47 2.21 2.33 
0.43 1.07 2.41 
0.81 1.63 3.10 
1.16 0.69 0.49 
2.31 3.04 1.85 

nilotinib against 18 mutated forms of BCR/ABL expressed in

471). The data in this table represent proliferation assay data

ted Bcr-Abl protein. Values in the table reflect the ratio of the

f the compound in BaF3 cells expressing wild-type Bcr-Abl.
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viewed in this context, bosutinib and dasatinib shared a sim-

ilar inhibition profile in this assay with some differences in

the P-loop region. Nilotinib was different in that it was less

effective against the F359V and several of the P-loop mutants,

but better than dasatinib against F317L. The utility of these

measurements as a clinical predictor will become more

apparent with observation of increasing numbers of patients

presenting with a given mutation. In cases where tumour het-

erogeneity exists, these data may be unable to predict clinical

outcome, such as might occur in case of rapid selection and

overgrowth of a resistant minor clone, or in the presence of

clones with multiple mutations. None of these agents look

promising against the T315I mutation, but clear differences

among them can be seen in several other cases. As larger data

set with clinical comparators become available, such data

may prove to be useful treatment guides for clinicians.

Multidrug resistance (MDR) transporters promote efflux of

diverse foreign molecules from cells, including tyrosine ki-

nase inhibitors such as imatinib. Upregulation of these trans-

porters in tumour cells promotes imatinib resistance in CML

cells in culture. A recent comparison of second generation

Abl kinase inhibitors found that in contrast to nilotinib and

dasatinib, bosutinib is not an efficient substrate for the MDR

transporters.47 Bosutinib also inhibits these transport pro-

teins at concentrations greater than 1 lM, which may under-

lie, at least in part, the observed accumulation and retention

of bosutinib in tumour tissue.48
8. Bosutinib as a multikinase inhibitor

The original study disclosing the structure of bosutinib pro-

vided limited selectivity information.5 Little or low activity

was observed against receptor tyrosine kinases such as IGF-

1R, Her2, FGFR and PDGFR. Our earlier studies suggested that

bosutinib inhibited EGFR in an enzymatic assay in the micro-

molar range and 1 lmol bosutinib did not inhibit EGFR in

cells. Subsequent work indicated that bosutinib does inhibit

EGFR enzyme activity with an IC50 of about 350 nM, and was

able to reduce EGFR autophosphorylation (Y1068) or the levels

of ‘activated’ EGFR in cells with an IC50 between 0.5 and

1 lmol. To gain a more complete understanding of bosutinib

activity, Wyeth instituted broad-based screening of bosutinib

against a panel of kinases (Invitrogen), which brought several

unexpected activities to light. The protocol for the Z-Lyte

screens used for these assays can be obtained at this web ad-

dress http://www.invitrogen.com/etc/medialib/en/filelibrary/

Drug-Discovery/PDFs.Par.5558.File.dat/SSBK%20Customer%

20Protocol%20and%20Assay%20Conditions.pdf. Comparisons

of bosutinib, dasatinib, nilotinib and imatinib as multikinase

inhibitors were published independently.9,10 In addition, the

web page for Kinaxo depicts comparative binding affinities

of bosutinib for kinases in PC3 cells (www.kinaxo.com). A

compilation of the activities of bosutinib as described by

these various studies is given in Table 2. The overall agree-

ment amongst the various studies is excellent. Besides Src

and Abl family kinases, five major kinase groups are inhibited

by bosutinib: Eph receptors, Sterile 20 kinases, Trk family, Tec

family and Axl family kinases. In addition, potent inhibition

of some mutated EGFR kinases was observed. Other kinases
include Ack1, Csk, some c-Kit mutants, calcium/calmodulin-

dependent kinases CamK2G and K1D, FAK and c-Fms (CSF1R).

GAK was also reported to bind tightly to bosutinib.
9. Additional activities of bosutinib as
facilitators of clinical development

The most potent inhibition of the Sterile 20 family kinases oc-

curred in the germinal centre kinase IV (GCK-IV) group,

including GCK, KHS1 (GCKR and MAP4K5), HGK and MINK.

These kinases have several reported functions, including link-

ing Eph receptor with the actin cytoskeleton and activating

JNK.49,50 GCKR associates with the Bcr-Abl-CrkL complex in

CML cells, and is itself activated, with subsequent activation

of JNK.51,52 Blocking this JNK pathway is deleterious to CML

cells, suggesting that GCKR inhibition might potentiate the

CML activity of bosutinib.53,54 GCKR inhibition also reduces

cytosolic b-catenin resulting from GSK3b phosphorylation

on Ser9 in B lymphocytes.55 In epithelial cells, HGK and MINK

knockdown increased cell–cell adhesion, reduced cell migra-

tion, decreased cytosolic b-catenin and increased E-cadherin

at the plasma membrane, all of which occur upon treatment

with bosutinib.56,57 Interestingly, inhibiting Src in colorectal

tumour cells or Bcr-Abl in CML cells reduced the levels of tyro-

sine-phosphorylated b-catenin, with associated loss of its

transcriptional activity.58,59

Data obtained in-house at Wyeth (now Pfizer) indicates

that bosutinib inhibits Axl family kinases (Gas6 receptor).

Zhang and colleagues reported that bosutinib inhibits Axl at

similar concentrations to those required for inhibition of Src

autophosphorylation in MDA-MB-231 cells.60 Like Src and

some of the Ste20 kinases, Axl promotes migration and inva-

siveness, and like Src, also has an angiogenic function. Axl

knockdown inhibited MDA-MB-231 tumour growth, and re-

duced blood vessel formation. Jallal and colleagues showed

that bosutinib inhibits MDA-MB-231 tumour growth and also

reduces blood vessel formation, but Axl inhibition was not

examined in this study.28 Interestingly, Axl is expressed in a

subset of oestrogen receptor (ER)-positive breast cancers, a

patient group where clinical responses to bosutinib treatment

occurred.61,62 Co-expression of Axl and its ligand Gas6 is a

poor prognostic indicator in acute myelogenous leukaemia

(AML). Coincidentally or not, bosutinib treatment inhibited

the growth of primary cells from 7 of 14 AML patients at sub-

micromolar concentrations. Of the various ‘off-target’ kinase

activities of bosutinib to emerge from these studies, Axl has

emerged as a biomarker of great interest in ongoing clinical

trials.

CAMK2G is activated in AML patient samples, and is also

upregulated by Bcr-Abl in CML cells.63 Knockdown of

CAMK2G, dominant negative expression or treatment with

chemical inhibitors reduces myeloid leukaemia proliferation,

suggesting that bosutinib-mediated inhibition of CAMK2G

might be clinically relevant in treating myeloid leukaemias.

Eph receptors, another class of kinases inhibited by bosuti-

nib, are controversial oncology targets. Both tumour-promot-

ing and suppressive effects have been reported, with context

and expression level implicated in determining which

property predominates.64,65 There is some evidence suggest-

http://www.invitrogen.com/etc/medialib/en/filelibrary/Drug-Discovery/PDFs.Par.5558.File.dat/SSBK%20Customer%20Protocol%20and%20Assay%20Conditions.pdf
http://www.invitrogen.com/etc/medialib/en/filelibrary/Drug-Discovery/PDFs.Par.5558.File.dat/SSBK%20Customer%20Protocol%20and%20Assay%20Conditions.pdf
http://www.invitrogen.com/etc/medialib/en/filelibrary/Drug-Discovery/PDFs.Par.5558.File.dat/SSBK%20Customer%20Protocol%20and%20Assay%20Conditions.pdf
http://www.kinaxo.com


Table 2 – A comparison of reported bosutinib activities including contracted data from Invitrogen (values in nM).

IC50 (nM) Cell lysate-binding affinitiese % inhibition @ 0.2 lM (Invitrogen)a

Abl family
Abl 1d, 0.5b, 2.4c 85
Abl(T315I) 26b 56
ABL1 E255K 98
ABL1 G250E 97
ABL1 Y253F 99
ABL2 (Arg) 0.5b 102 96

Axl Family
Tyro3 65
Axl 174b

cMER 5011 70

EGFR family
EGFR 53b, 345a

EGFR(T790M) 491b, >1000a

EGFR L858R 0.35a

EGFR L861Q 3.51a

EGFR(T790M, L858R) 655a

Eph Family
EphA2 100
EphA3 81
EphA4 >10,000 89
EphA5 83
EphA8 79
EphB1 707 84
EphB2 8.5b >10,000 79
EphB3 422 50
EphB4 108 87

Fer/Fes family
Fer 490b 1851
Fes 358b

c-Kit
cKit 6313b >10,000
cKit(D816H) 32b

cKit(D816V) 2772b

cKit(V560G) 181b

cKit(V654A) 132b

Src family
Src 3.5d 400
Yes 0.4b, 0.8a 784
Fgr 1.1b, 0.17c

Fyn 1.8b 700
Lck 1.3b

Hck 3.2b 1178
Lyn 0.85c 647
Blk (murine) 7.3b

Ste20 (Sterile 20)
MAP4K2 (GCK) 1357 100
MAP4K4 (HGK) 103
MAP4K5 (KHS1) 0.5a, 0.5b 1933 98
LOK 52b

MINK 22b

MST1 191b 40
MST3 3.9b 83
STK25 (YSK1) 79

Tec family
Bmx 7.9b 66
Tec 282b 2964
Btk 0.44a 213
Trk Family
TrkA 22b
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Table 2 (continued)

IC50 (nM) Cell lysate-binding affinitiese % inhibition @ 0.2 lM (Invitrogen)a

TrkB 27b, 30a

Others
Ack1 2.7b 863
c-Fms 44b

Csk 34a, 314c, 62b 964
FAK 538b 3187
Pyk2 134b 4500
FRK 2.2b 659 89
CaMKIIG 184b >10,000
CaMKID 92b >10,000
GAK 56
a Invitrogen-contracted study.
b Rix et al., Ref. [10].
c Puttini et al., Ref. [8].
d Wyeth data.
e Bantscheff et al., Ref. [9].
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ing that the tumour-promoting effects of Eph receptors is ki-

nase activity dependent, whereas tumour suppressor activity

is kinase independent.66 Whether these observations are uni-

versally true is unclear at present. In breast cancer, EphB2 and

Abl cooperate to stimulate cyclin D1 expression, providing an

interesting target pair for an agent such as bosutinib.66 Two

independent studies with bosutinib in EphB2 enzyme assays

suggest potent inhibition, but little binding was observed in

the cell-based assay study (see Table 2). In contrast, potent

inhibition of EphB4 was observed both in the cell-based bind-

ing assay and in an enzyme assay, and this Eph is reported to

have tumour suppressive activity in breast cancer in a man-

ner also involving Abl.9,67 More cell-based as well as in vivo

studies are required to clarify the activity of bosutinib against

the various Eph receptors, and the consequences of inhibiting

these receptors. It is worth emphasising that the variability of

the observed effects of Eph/ephrin pathway activation calls

into question the validity of tumour xenograft models from

established tumour cell lines as predictors of clinical activity.
10. Summary

Preclinical development of bosutinib focused on improve-

ment of Src inhibitory activity. This approach also yielded

an agent with an additional activity as an Abl kinase inhibitor,

activity in CML cells and xenografts, and advancement to

Phase III clinical trials for use in front-line treatment of

CML. Development as a ‘Src’ inhibitor is proceeding in Phase

II in ER+ positive breast cancer in combination with agents

that interfere with ER function and in triple negative breast

cancer with cytotoxic agents. The additional inhibitory activ-

ities discovered since the inception of the clinical trials sug-

gest several additional development routes.
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