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Introduction

Protein kinases are crucial elements of inter- and intra-cellular signaling and, as such, have been

important targets for the of activity. i . To date, the most relevant clinical
application of using kinase inhibitors to disrupt cell signaling pathways has been in the area of oncology.

In recent years, eight distinct tyrosine kinase inhibitors have been approved globally for adjunctive or

primary cancer therapy. These ibif were rati ly i to target specific tyrosine
kinases, and most bind competitively, at or near the ATP pocket. Because of the competitive nature of
inhibitor binding, changes in the concentration of ATP present in any such reaction may lead to

unanticipated results. Here we describe the use of our Quit ™ activity-based-kil assay system

to determine the full selectivity profiles of the eight commercially available, clinically-approved protein
kinase inhibitors against our panel of 79 tyrosine, 197 serine/threonine, 24 mutant and 3 lipid kinases.
In this study, all assays were performed at two different ATP concentrations - near the KmApp- and at

1 mM ATP. This comparative analysis should provide useful insight for the development of additional

protein kinase inhibitors as therapeutic agents.

Materials and Methods

All human recombinant protein kinases were made in Carna Biosciences, Inc. (Kobe, Japan) as indicated in its web site

(http:/iwww.carnabio.com). Al kinase assays and profiling et s
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for the present experiments.

Results

Each of the eight approved kinase inhibitors were screened at a concentration of 1 uM against the
QuickScout™ panel of >300 human kinases, to identify candidate kinase targets (Primary Screen).
Quantitative ICso determinations were then made for each kinase-inhibitor against each kinase identified
in the primary screen. Where inhibition > 40% was observed in these screens, additional testing was
performed using approved inhibitors (and staurosporine, as positive control) at measured ICso
concentrations, and ATP at both KmApp., and 1mM (physiological) concentrations. ‘Kinome Clustering’
results of these experiments are shown graphically in Figure 1.

In Figure 2, we show a novel approach for the visualization of inhibitor selectivity by ranking ICso values
obtained using physiological (1mM) ATP levels. Inhibitor selectivity was further analyzed using published
pharmacokinetic parameters describing plasma concentration values, Cmin. These results are shown

in Figure 3.

In Table 1, we show data comparing the results of our ‘physiological’ assays (performed using 1mM ATP)
with reported results from cellular proliferation assays.

Finally, we report our inhibitory activity results as they relate to ‘on-target’ kinases and clinically
significant mutant forms (Table 2).
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Figure 1

QuickScout™ profiling (ATP conc. = Km""™) results of approved 8 kinase inhibitors and staurosporine
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QuickScout™ profiling (ATP conc. =1 mM) results of approved 8 kinase inhibitors

Dendrograms were adapted to human kinome tree. Kinase inhibition maps for inhibitors,
A) erlotinib, B) gefitinib C) lapatinib D) nilotinib E) dasatinib F) ima
and |) staurosporine, respectively.

G) sorafenib H) sunitinib

Inhibition concentration (ICsg) values under 10,000 nM are marked with blue circles where larger circles

indicated strongly inhibit to kinase.

I1C50 (nM

Top hit 100 kinases were selected from results in figure 1 and ICsq values were determined using 1 mM ATP.

Kinases were aligned in ascending order of the IC5q values. Mutant kinases were excluded from this analysis.

The blue line indicates the Cpyin, plasma concentration (mol/L) of the drugs in patients.
These Cpin, concentrations were reported in Cancer Treatment Reviews (2009) 35. 692-706
(erlotinib, gefitinib, lapatinib, nilotinib, imatinib, and sunitinib),

Journal of Clinical Oncology, (2008) 26. ASCO abstract #3590. (dasatinib)

and Clinical Cancer Res. (2006) 12. 144-151 (sorafenib).

Table 1 ICs0 competition with 1 mM ATP condition assay
and On-target cellular assay

hibitor Taraet ki Cs0 (M)
nhibitor Targetkinase 4 mmate Cellular Proliferation*
Erlotinib EGFR 0.039 0.041 £ 0001”7 ross con e over-xpressed
Gefitinib EGFR 0.022 0.032 £ 0.005” 145 col EGFR ovr-prossad
0.825 £ 0106 assiconcGrR ovranprosses
Lapatinib EGFR 0.549 0.395 + 0.156"  asstcal EGFR overexpresses
Nilotinib PDGFRa 0.034 0.023 ? FPILIPDGFR ranstormed B3 call
ABL 0.471 0018 S ————-
Dasatinib ABL 0.002 0.0018 9 aomAeL aprssadineard rrsecicts
Imatinib ABL 214 0527 ¥ BoRIBL opressed n BalF3ranstociad cols
566 276 " wrearsews
Sorafenib PDGFRp 0.397 028 £ 014 ¥ poorRsstmustod HAOSHG (0.1% BSA)
Sunitinib PDGFRp 0.094 0.039 0013”7 Nwara cots corpressing POGERS
KDR 0.098 0040 £ 002 ' veoransruvecs
PDGFRa. 0111 0.069 £ 0.015”  nars ot curnpesing 005

* Cellular prolferation assay data resource.

1) Molecular Pharmacology (2008) 73, 338-348. 4) Cancer Research (2006) 66, 11314-11322,
2) Blood (2005) 106, 3206-3213, 5) Cancer Research (2004) 64, 7099-7109,

3) Journal of Clinical Oncology (2008), 469-471. 6) Clinical Cancer Research (2003) 9, 327-337.

C) Lapatinib Table 2

ICso effective ratios at 1mM ATP condition assay
Wild type kinase vs Mutants

= Erlotinib Gefitinib Lapatinib
5 EGFR ICs0 (NM) Ratio  ICs0 (nNM) Ratio  ICs0 (n\M) Ratio
s W.T. 398 10 220 10 1640 1.0
T790M
T790M/L858R
L858R 96 41 60 36 1444 14
Le61Q 277 14 125 18 522 31
lilating Dasatini R
F) lmatinib ABL ICs0 ("M) Ratio  ICs0 ("M) Ratio  ICs0 ("M) Ratio
WT. 44 10 23 10 21446 1.0
E255K >10000  N.D.
T3151 >10000  N.D.
D:
s KIT ICs0 (nM) Ratio ICso (nM) Ratio ICs0 (nM) Ratio
z WT. 1664 10 37 10 1681 10
14 V560G 60 28 04 93 95 18
* VB54A
T6701
D816V
PDGFRa ICs0 (nM) Ratio ICso (nM) Ratio  ICs0 (nM) Ratio
WT. 346 10 193 10 288 10
V561D 877 033
i = Standard conditon (around Kn ATP) Teral
08 = Physiclogical condition (1 M ATP) Sunitinib Sorafenib
or = Undor G, cone. RET ICs0 ("M) Ratio  ICs0 (NM)  Ratio
3 W 3225 10 391 10
H G691S 4483 072 503 078
Y791F 4078 079 629 062
S891A 2395 14 505 077
Mo18T 8331 039 952 041
2 2 2 2 2 2 2 2 Sunitinib Sorafenib
3 H “i 3 .:, H Tg z FGFR3 ICs0 (nM) Ratio  ICs0 (nM) Ratio
i 8 § 2z & E 3§ @& W.T. 9746 1.0 1286 1.0

KB50E 7258 13 2641 0.49

F i g u re 3 K650M 1250.1 0.78 5408 024

- - P Ratio values were calculated [ICso value of W.T ]/ [ICso value of mutant.
Selectivity as quantitative measure of specificity N.D. are not determined Iz values (ICso is obserbed over 10,000 nM).

Selectivity (S-values) calculated for kinases with ICsg values < 3 uM Values shown in RED are > 5x MORE potent than wild-type.

at both conditions of an around ATP Km (Standard, Elue bars) and 1 mM ATP Values shown in are > 5x LESS potent than wild-type.
(physiological, Red bars) with following equation: Values shown in BLACK are SIMILAR to wild-type (within 5-fold range).
Number of kinases (ICs5g values < 3 uM) / tested kinase.

Orange bars indicate that S-values calculated from count of kinase in under Cmin.

concentration per tested kinase, with follwing equation:

Number of kinases (IC50 values < Cmin.) / tested kinase.

Mutant kinases were excluded from this analysis.

Conclusion

o Selectivity profiling was performed for each of the eight clinically approved kinase inhibitors against a panel containing 79 tyrosine-.,
197 serine/threonine-, and 3 lipid kinases at ATP concentrations of KmArp., and 1 mM.

o

Under standard profiling conditions (ATP concentration approximately Km),

the Selectivity Ranking (number of kinases with ICso < 3 pM/number of kinases tested) was:
lapatinib < imatinib < erlotinib = gefitinib < nilotinib < sorafenib < dasatinib < sunitinib.

Under i ical profiling iti (ATP ion =1 mM),

the Selectivity Ranking (number of kinases with ICso < 3 uM/number of kinases tested) was:
lapatinib < gefitinib < imatinib < erlotinib < nilotinib < sorafenib < dasatinib < sunitinib.

°

o

When analysis incorporated the use of reported pharmacokinetic data with data from iological profiling itions (ATP ion — 1 mM),
the Target Selectivity Index (number of kinases with ICso values < plasma concentration / number of kinases tested was:

lapatinib = gefitinib < imatinib < sunitinib < erlotinib < nilotinib < dasatinib = sorafenib.

o

Biochemical assays performed using 1mM ATP resulted in ICso values very similar to those reported in Cellular Proliferation Assays for the approved
kinase inhibitors.

o

When tested against mutated target kinases at 1 mM ATP, all approved inhibitors showed less potency against gate-keeper mutants.

o

Comparative selectivity profiling performed at both Km and 1 mM concentrations of ATP provide useful insight for the assessment of on-target and
off-target kinase inhibitors.
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