Developing tests for Ber-Abl activity and
Gleevec resistance in CML patients

A progress report on IMAT R33 CA103235, "Bcr-Abl
kinase assays for STI571 sensitivity or response”
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Cytogenetic testing for molecular diagnosis, monitoring



1982: Ph1 chromosome encodes BCR-ABL
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Molecular diagnosis and monitoring via unique transcript
Tyrosine kinase enzyme: Active site = druggable target



1997: Ber-Abl kinase blocker kills CML cells and
"cures" chronic phase patients
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2002: Imatinib resistant kinase mutations
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2006: A proliferation of new drugs, but no assays

Cheaper, generic imatinib

USFDA
approved

1% line

Veenat‘

Imatinib 100 mg (as mesylate) Capsules

| Tailor-made to attack cancer cells

% Philadelphia chromosome positive
Chronic Myeloid Leukemia (CML)
» CML myeloid blast crisis
» CML accelerated phase

» CML in chronic phase
prior/after Interferon-« therapy **

//ﬂ'!r’r‘l;i .

e

I
Yo

Veenat ®

Newly approved & on the way

AMN107 Novartis Nilotinib
BMS354825 Bristol-Myers Dasatinib
CGP76030 Pfizer

AP23464 Ariad

AZD0530 Astra Zeneca Phase |
SKI-606 Wyeth-Ayerst
ON012380 Onconova Phase |
VX-680 Merck Phase |

and many more in development...

New clinical challenges

Rapid testing for Imatinib resistance
Selection of second-line therapy
|dentifying effective dosage
Determining failure of STI therapy



Methylcellulose assay for imatinib sensitivity

Semi-solid matrix, supplemented with growth factors,
allows individual progenitors to form discrete colonies
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Technology challenge: Measure Bcr-Abl activity

Criteria for a useful kinase assay
Detect Ber-Abl activity in whole cell lysate
Dynamic range to determine Ki for inhibitors
Rapid, robust and simple assay, amenable to clinical lab
Adaptable to high throughput for screening, drug discovery

Abltide Abl, BCR-ABL
EIYAAPFAAKKK + ATP » EIpYAAPFAAKKK + ADP
Detect: Ignore:
ADP Cell lysate

Phosphotyrosine Other kinases
Phosphopeptide Phosphatases

Solid-phase assays

Beads Chips
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Proof-of-principle
Bead-based assay of Bcr-Abl in cell lysates
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High affinity substrates via Abl binding domain

GST

GST-Abltide
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Ber-Abl inhibition assay in K562 and CML cells

Western blot -- K562 cell steady-state phosphorylation
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Bead assay -- K562 cell Bcr-Abl activity
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Assay of Gleevec resistance in CML patient cells
10 20 50 pM Imatinib

K562 cells w “ * ICgy ~ 10 pM
Imatinib resistant CML patient M IC, >> 50 uM
peripheral blood ficoll-paque extracted
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Rapid translation to clinic...
Adapt kinase assay to Luminex technology
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Luminex bead assay for imatinib sensitivity
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Chip based on ez-rays commercial hydrogel slide

ez-rays slides, multiwell plates (Matrix Technologies)
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High throughput Abl/Bcr-Abl activity assay

96 well ez-ray™ plates

K562 cell extract, Abltide
10 UM ATP, 1h@ 30° C
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Staurosporine G1 Erbstatin analog

AG-494 G2 Quercetin dihydrate
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Acrylic chemistry--Super glue for proteins

Acrylated glass
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Copolymerization In situ = Acrychip

0]

—o—li/\/\o)v

| NH NN
0 o A( 2 /W ~ \H/\
—o—ii/\/\o)v ° ° °

T 0 acrylamide bisacrylamide
o5 "o N

UV or APS
polymerization




Quantitative detection of Ber-Abl
inhibition by Imatinib
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Label-free detection of peptide phosphorylation
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Photocleavable peptide array with MALDI read-off
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In development: Multiplexed “lawn format” assay

Hydrogel pads in lawn or well geometry Immunodetection
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Toward an integrated assay system:

Cotter lab (JHU) mini-MALDI-TOF mass spec
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New assays, new geometries, new technologies
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Plates .

MethoCult methylcellulose colony forming cell assay
< Functional assay of growth inhibition by drugs
Slow, low-throughput

Glutathione agarose/GST fusion phosphorylation assay
Simple, sensitive, robust (Stratagene SignalScout)
Low throughput

<
o O o Luminex glutathione bead/GST fusion phosphoryation assay

Simple, semi-quantitative, high throughput, easy multiplexing
Dedicated reader, low sensitivity

N7

Acrylamide copolymerization GST fusion phosphoryation assay
Robust, high signal to noise
Low sensitivity, difficult multiplexing
Chips ez-rays 96 well hydrogel peptide phosphorylati
< ys 96 well hydroge peptll e phosphory ation assay
Simple, semi-quantitative, medium throughput
/ Low sensitivity, difficult multiplexing

Photocleavable peptide array with MALDI read-off
Robust, semi-quantitative, high throughput, easy multiplexing
Dedicated reader, low sensitivity
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