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Cancer cell line panel for mechanism of action studies

and testing of new combination therapies
Guido J.R. Zaman, Ph.D.
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Cell-based protein tyrosine kinase assays
for high-throughput profiling of compound activities

David Schwarz, Ph.D.

Streamlining Drug Discovery
with ClariCELL™ Kinase Cell-Based Assays

Deborah J. Moshinsky, Ph.D.
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Guido J.R. Zaman, Ph.D.

Founder and Head of Biology
at the Netherlands Translational Research Center

Many anti-cancer drugs have been discovered by screening of natural products or synthetic
compounds in cell-based cytotoxicity assays. Despite the chemical diversity of these agents, their
mechanism of actions are limited. Most compounds act by damaging DNA directly or through
inhibition of topoisomerase I/l or binding to tubulin. These classical anti-cancer agents do not
directly target the molecular mechanism responsible for malignant transformation. Consequently,
their therapeutic index is relatively low. In contrast, recently developed targeted therapies, such as
kinase inhibitors, act by selective inhibition of the oncogenic drivers of certain types of cancer. For
example, imatinib targets BCR-ABL in chronic myelogenous leukemia (CML); vemurafenib targets
mutated B-RAF in melanoma.

However, the single target therapy approach also has limitations:
(1) tumorigenesis requires mutations in multiple genes;
(2) unlike the BCR-ABL fusion protein in CML and mutated B-RAF in melanoma,
many mutations in cancer cells result in a loss or in an inactivation of a protein
(for instance, p53 mutations) and are therefore pharmacologically difficult to target;
(3) biochemical activity and selectivity data cannot fully predict the effect of a compound
in a cell orin a whole organism.
Thus, there is general consensus that biochemical assay data need to be complemented with data
from cell-based assays.

The Netherlands Translational Research Center (NTRC) has access to a large panel of human
tumor cell lines. Many of the cell lines in this panel have been used for many years in drug discovery
programs worldwide. However, recently, detailed information on the genetic status of these cells has
opened up totally new research avenues. Due to the increase in genomic information as well as new
data on the sensitivity of these cell lines to existing drugs, cell panels are becoming an increasingly
powerful tool for drug discovery.

The NTRC panel comprises a limited set of cell lines chosen for their diversity in oncogenic
drivers and tumor origins. The panel therefore offers rapid turnaround combined with some unique
possibilities for drug discovery:

(1) aquick test to confirm the mechanism of action of newly developed targeted therapies;
(2) an opportunity to study new synergistic combinations of novel and existing therapeutics
in well-characterized genetic backgrounds;

References

Biography

(3) todefine potential patient responder populations in the design of proof-of-concept
human clinical trials.
The potential of this approach will be exemplified through several industry examples.

To illustrate the power of combining cellular profiling data with broad kinome profiling
two very recent studies of kinase inhibitors active in the Wnt signaling pathway will be presented.
The first study describes the identification of a cross-reactivity of a selective protein kinase C
inhibitor with glycogen synthase kinase 3 in the beta-catenin pathway. The second study describes
the identification of cross-reactivity of two inhibitors of p38 mitogen-activated protein kinase with
casein kinase delta. The cross-reactivities identified by kinome profiling were confirmed in
cell-based assays

1. Barretina et al. (2012) The CancerCell Line Encyclopedia enables predictive modelling of anticancer drug sensitivity.
Nature 483, 603-607.

2. Garnettetal. (2012) Systematic identification of genomic markers of drug sensitivity in cancer cells.
Nature 483, 570-577.

3. Uitdehaag JCM, Verkaar F, Alwan H, de Man J, Buijsman RC, and Zaman GJR (2012) A guide to picking the most
selective kinase inhibitor tool compounds for pharmacological validation of drug targets.
British Journal of Pharmacology 166, 858-876.

4. Verkaar F, Blankesteijn WM, Smits JFM, and Zaman GJR (2010) Beta-galactosidase enzyme fragment
complementation for the measurement of Wnt/beta-catenin signaling. FASEB Journal 24, 1205-1217.

5. Verkaar F, van der Doelen AA, Smits JFM, Blankesteijn WM, and Zaman GJR (2011) Wnt/beta-catenin signaling is
inhibited by p38 MAP kinase inhibitors through cross-reactivity with casein kinase Idelta/epsilon.
Chemistry & Biology 18, 485-494.

Dr. Guido Zaman founded NTRC in June 2011. He worked for 15 years at Merck & Co. (Organon) in Oss the Netherlands,
where he has managed various collaborations with biotech industries and service providers on assay development
and lead optimization.
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President & CSO, Advanced Cellular Dynamics, Inc. H“m

The protein tyrosine kinase family regulates numerous processes necessary for Our assays have been successfully applied across several kinase families by numerous
normal growth and maintenance of mammalian cells. Aberrant functions of these enzymes customers, helping to better define compound activities®**. Our internal application of this panel
have been associated with a variety of human disorders including malignant transformation. in the evaluation of experimental and clinically-validated inhibitors — on both native and mutant
The successful development of Imatinib (Glivec®) demonstrated that this family can be kinases - will be presented and discussed.

effectively and specifically targeted despite its common mechanistic action. Biochemical
assays are very effective tools for the identification and optimization of candidate kinase
inhibitors; however they lack the capacity to readily address the dynamic regulation of
enzymatic function. This includes transitions between the active and inactive states and
interactions with, and regulation by, other cellular proteins. To better examine these
influences, we have developed a panel of live cell-based assays for the rapid,
high-throughput evaluation of small chemical kinase inhibitors. Our panel leverages

IL3-dependent Ba/F3 cells, which can be rendered cytokine-independent following the

introduction of constitutively active kinases”. The application of this technology is

summarized in the ﬁgure below. 1. Daley, GQ. (1988). Transformation of an interleukin 3-dependent hematopoietic cell line by the chronic
myelogenous leukemia-specific P210bcr/abl protein. Proc. Natl. Acad. Sci. 85: 9312-16.

2. Thress, K. et. al (2009). Identification and preclinical characterization of AZ-23, a novel, selective,
and orally bioavailable inhibitor of the Trk kinase pathway. Mol. Cancer Ther. 8:1818-27.

Target TK Gene Kinase Inhibitor 3. Gozgit, JM. et. al (2012). Ponatinib (AP24534), a Multitargeted Pan-FGFR Inhibitor with Activity
in Multiple FGFR-Amplified or Mutated Cancer Models. Mol. Cancer Ther. 11: 690-9.
4. Coffey, G. et. al (2012). Specific inhibition of spleen tyrosine kinase suppresses leukocyte immune function
\ and inflammation in animal models of rheumatoid arthritis. J. Pharmacol Exp. Ther. 340: 350-9.
ey
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Survival restored by postdoctoral studies focused on thymocyte development, leading to discovery of the Schlafen family of growth

Dr. Schwarz received his Ph.D. from Dartmouth Medical School where he investigated retroviral immunity. His

Apoptosis
(Death)

J Lymphoid Cell TKact|V|ty regulatory genes. He joined Neurocrine Biosciences in 1998 and was responsible for developing secondary
cell-based assays in support of internal exploratory and drug discovery projects. In 2007, he launched Advanced
Cellular Dynamics and leads all aspects of new assay design, development and application.
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Kinases are well-established targets for inhibition in Oncology and a number of other
therapeutic areas. Traditionally, drug discovery projects have followed the paradigm of
high-throughput screening (HTS) of small molecules against a purified enzyme, followed by
testing in cell-based systems closer to human biology. This presentation will introduce
ClariCELL™ kinase assays, which are utilized not only for hit follow-up testing, but also for
cell-based HTS itself. The assays are designed and rigorously validated to be specific for a single
kinase/substrate modification, yielding only hits that inhibit the specific phosphorylation event
under study. Hence, the assays are also useful for mechanism-of-action studies, and to establish

direct inhibition of a particular kinase in cells.

Key features of the ClariCELL kinase assay system include the following:

- Direct detection of substrate phosphorylation in human cells.

- Utility for mechanism of action studies, primary screening, lead optimization, selectivity,
and safety studies.

« Analysis of tyrosine and serine/threonine kinases.

- Flexibility regarding cell line and substrate.

« Multiplexing capability, including drug-resistant mutant kinases.

A description of the ClariCELL kinase assay system will be given, along with ways in
which it is utilized in the drug discovery process. Data with clinical kinase inhibitors and tool
compounds against existing ClariCELL kinase assays will also be shared. Screening services are
currently available for a number of assays, along with assay development services for

customized assays.

Biography

Founder and President, Cell Assay Innovations, LLC.

1. Card, A, Caldwell, C., Min, H., Lokchander, B., Xi, H., Sciabola, S., Kamath, A., Clugston, S., Tschantz, W.,,
Wang, L., and D. Moshinsky (2009). High-throughput biochemical kinase selectivity assays: panel
development and screening applications. J. Biomol. Screen. 14(1):31-42.

2. Tecle H, Shao J, Li Y, Kothe M, Kazmirski S, Penzotti J, Ding YH, Ohren J, Moshinsky D, Coli R, Jhawar N,
Bora E, Jacques-O'Hagan S, and J Wu (2009). Beyond the MEK-pocket: can current MEK kinase inhibitors be
utilized to synthesize novel type Ill NCKIs? Does the MEK-pocket exist in kinases other than MEK? Bioorg.
Med. Chem. Lett. 19(1):226-9.

3. Caffrey DR, Lunney EA, and DJ Moshinsky (2008). Prediction of specificity-determining residues for
small-molecule kinase inhibitors. BMC Bioinformatics. 9:491.
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A.D., Yu, X, Zhang, Q., Tang, C., McMahon, G., and A. Howlett. (2003). A selective and oral small molecule
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Deborah earned her PhD from MIT in 1998 and has since focused on assay development, small molecule
screening, and drug discovery of tyrosine and serine/threonine kinase inhibitors in various industry positions.
From 1998 to 2003 she was a scientist at SUGEN, Inc., a biotechnology company that developed Sutent®, a
kinase inhibitor that is currently marketed for the treatment of multiple forms of cancer. In her most recent
role at Pfizer, Inc., Deborah successfully developed a large panel of biochemical kinase assays (50),
implemented a screening service for the research sites within the company, and coordinated outsourcing
activities for biochemical profiling. She additionally possesses an established reputation in the kinase field,
having a number of publications within drug discovery, panel assay development, and screening areas.
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