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Outline of presentation

1) Introduction: Millipore’s cell-based assay capabilities

2) Uses of continuous culture & ready-to-assay frozen ion
channel cells

3) Validation of new ion channel cell lines

4) Performance of new ready-to-assay frozen cells

5) Generalized cardiac liability assay workflow

6) Rationale for screening ion channels beyond hERG

7) Future directions
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Instruments & Capabillities

Fluorescence -based assay development & HT screening
FLIPRTETRA: 96, 384 & 1536-well assays

Aut ti
Hroma on e FLIPRTETRA

Thermo Electron Cytomat

Luminescence -based assay development —
96-well on Flexstation lonWorks PatchXpress Manual Patch
FLIPRTETRAP|ys ICCD: 96, 384 & 1536-well assays

lon channel functional assays
lonWorks™ (3 x)
PatchXpress®
Manual Patch

High Content Imaging assays
GE IN Cell 1000

Radioligand binding & displacement assays GE In Cell 1000

For characterization of ion channel and GPCR cell lines (BMax)
Functional assays for transporters

Bulk Transfection of cells

MaxCyte STX: Installed Feb 2010
Small-to-large scale Electroporation of primary and “standard” mammalian host cells Manyte

MILLIPORE ADVANCING LIFE SCIENCE TOGETHER®
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Cell Culture Instruments & Capabilities

Biosafety Cabinets CO, Incubators

* |solated, Clean Laboratory
Space

— 1,400 sq. ft.

— Dedicated biosafety cabinets

— Dedicated, CO, incubator chambers

e Cell Counting & Viability

Fill-iT

e Bulk Cryopreservation
Production

— Automation Partnership Fill-iT
— Thermo Step-down Freezer

Step-down Freezer



- Over 10 years of experience offering
services to every major pharma
company (over 350 different companies
In total)

- Total team Pharma experience: 85
years

- Flexibility in all service offerings: we
avoid “one size fits all”









Subunit composition:

a5 (GABRAS) b3 (GABRB3) and @2 (GABRG2)

Utility for discovery assays

Preferential expression in mammalian
hippocampus

a5-selective “inverse agonists” at BZ site
decrease response to EC,, GABA (Atack
et al. 2006, Dawson et al. 2006) and
enhance cognition with minimal
proconvulsant or anxiogenic side-effects

Functional validation

GABA EC,, on lonWorks™ and
PatchXpress®

Stability of current amplitude, seal
resistance and percent expression on
lonWorks

Profiling of a5IA, GABA EC,, variability on
PatchXpress

Related offerings
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*Pharmacological characterization 101

— Inhibitor: Bicuculline IC., 1.6 niM,
HillSlope -0.72

— Reference:?

— Allosteric modulator: a5IA
e GABAab5: 100 nM reduces EC20

Normalized Current

GABA currentto 60.9 8.5% of 0.04+—————T——T1—
control, n =5 cells 9 -8 7 6 5

. log [Bicuculline], M
» Effect blocked by 10 nM flumazenil

* GABAal: 85.8 5.0% of control, n
=3 cells

— Reference: Dawson et al. 2006:
negative 40% response to EC,,
GABA on ab saturates at 100 nM

— Negative 18% on al



*Subunit composition:
a subunit, ACCN3

Utility for discovery assays

— Sensory neurons, widespread
distribution in adult human tissues by
Western; adult trigeminal ganglia &
lung expression high by RT-PCR

— APETX: IC5, 63 nM on rASIC3
(Diochot et al. 2004)

— Rs2288646-A allele associated with
hypertension in Taiwanese (Ko et al.
2008); mechanism unknown

*Functional validation

— Stability of current amplitude &
percent expression on PatchXpress®

*Related offerings
— TRPV1
— TRPV3
— TRPA1
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*Pharmacological characterization
— Inhibitor: Amiloride IC, 7.0 mV,

HillSlope -1.0
— Reference: 63 nM, Sutherland et
al. 2001

Normalized Current

1.0

0.8+

0.6+

0.4+

0.24

0.0

-6.0

T
-55

T T
-5.0 -4.5

log [Amiloride], M

T
-4.0

1
-3.5

11



*Subunit composition:
— CFTR

«Utility for discovery assays

— Preferential expression in
respiratory tract, sweat glands,
intestinal tissue, pancreas

— 136 allelic variants of CFTR
associated with CF

Clone Testing: Resistance CFTR clone #6 & #24

Functional validation = 1

— Stabillity of current amplitude, seal
resistance and percent
expression on lonWorks PPC R

(MOhms)
P

star

Resi




*Pharmacological characterization

— Activator: 8-Bromo-cAMP EC,,
275 mM, HillSlope -1.6

Response (% maximum)

120 4
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40
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[8-Bromoadenosine-3,5-cyclic monophosphate] M
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*Subunit composition:
a subunit of Kv12.2; KCNH3

*Utility for discovery assays

— Preferential expression in hippocampus
and cortex

— KO mice show enhanced spatial working
memory (Y maze) and reference memory
(water maze); no seizures or motor
difunction (Miyake et al. 2009)

— a-CamK lI-driven overexpression in
forebrain: impaired performance in Y maze
& water maze (ibid)

— Selective inhibitors described in WO
2003/066099 A1l (patent a|%olication)2,4,6-
TRIAMINO-1,3,5-TRIAZINE DERIVATIVE
(Yamanouchi Pharma) ameloriate learning _
diability in vivo 00-

*Functional validation

— YM 744 1C., on lonWorks™

— Stability of current amplitude, seal
resistance and percent expression on
lonWorks
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YAM 744 selective (Kv12.2) Tail-Current vs Step Potential
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*Pharmacological characterization

— Inhibitor: YAM 744 1C., 78.4 nM,
Hill Slope 1.0

— Reference: Somewhere in WO
2003/066099

Percent Inhibition

150+
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log [YAM 744], M

16



*Subunit composition:
— KCNQ3 and KCNQ5

=
o
T

©
T

— Preferential expression in brain &
sympathetic ganglia (Schroeder et al.

Percent Expression

VU ‘epnijdwy uaiin)

Utility for discovery assays =< \
— One way to make M current in \
neurons (Lerche et al. 2000) 80- \\
704
2000) 60 .
10 20 30

— Openers limit repetitive firing & can 0
modulate overactivity in dopaminergic Passage Number
& serotonergic pathways (Hansen et
al. 2008)

Kv7.3/7.5
*Functional validation

— lonWorks™ : Stability of current [

amplitude, seal resistance and 200ms

percent expression

*Related offerings
— Kv7.2/7.3

-----

-100 mvV



*Pharmacological characterization
— Inhibitor: Linopiridine 1C, 0.60
nmM, Hill slope -1.3
— Reference:IC., 7.7 mM, Hill slope

-1.2 (tandem construct;
Wickenden et al. 2001)

Normalized Current
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* Developed from our existing continuous-culture cell lines for use in lon
Channel Profiler Panel

» Used routinely in this service for over thousands compounds and dozens
of customers to date

» Validated for use on the lonWorks

* Pack contains 1 vial of cells containing sufficient cells for one lonWorks
assay

« Simply thaw the cells, and after a brief recovery, suspend them in
external buffer, and dispense for lonWorks assay

 Available for bulk amounts of a particular cell line, customers who wish
to have an ongoing supply agreement for the cells, or to a customer who
holds an existing license to the cell line
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Reference Inhibitor
E-4031

E-4031

E-4031

Cisapride
Cisparide
Cisapride

Post/Pre

-0.1-
-0.2

1.0-
0.94
0.84
0.74
0.64
0.54
0.44
0.34
0.24
0.14
0.04

-o- E-4031
E-4031 RTA

—+— Cisapride

-¥- Cisapride RTA

-10

-9 -8 -7 -6 -5 -4
Log [Concentration], M

Data were calculated using the maximum amplitude of hERG currents upon stepping to -50mV
during the third pulse of a three pulse train. The data shown take the ratio of Post (Post compound
addition pulse)/Pre (pre compound addition pulse).

Cell Source
CYL3038
CYL3038RTA
Manual Patch Clamp
CYL3038
CYL3038RTA

Manual Patch Clamp

POTENCY (nM) REFERENCE

76
70
48
140
110
20

Millipore Internal Data
Millipore Internal Data
Diaz GJ, et al. 2004

Millipore Internal Data
Millipore Internal Data

Diaz GJ, et al. 2004
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Reference Inhibitor
Chromanol 293B
Chromanol 293B
Chromanol 293B

Cell Source
CYL3007
CYL3007RTA
Manual Patch Clamp

1.0
0.9-
0.8-
0.71

g 0.6-

3 0.4-
o
0.3
0.2-
0.1-

0.0 T

Log [Concentration], M

POTENCY (1M)
14

12

7

REFERENCE
Millipore Internal Data
Millipore Internal Data

Lerche, et al. 2008

Chromanol 293B
Chromanol 293B - RTA
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Reference Inhibitor
Cesium Chloride

Cesium Chloride

Cell Source
CYL3012
CYL3012RTA

POTENCY (1M)
37
36

)
-6 -5 -4 -3 -2
Log [Concentration], M

REFERENCE
Millipore Internal Data

Millipore Internal Data

Cesium Chloride
Cesium Chloride - RTA
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Reference Inhibitor
4-AP
4-AP
4-AP

Cell Source
CYL3018
CYL3018RTA

Manual Patch Clamp

0.7- 4-AP End
£ 061 4-AP End - RTA

00 ) L) L) L) L) L) L}
8 7 6 5 -4 3 2 1
Log [Concentration], M

POTENCY (M) REFERENCE

144 Millipore Internal Data
83 Millipore Internal Data
50 Chen & Fedida1998
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Voltage-Gated:

m Potassium Calcium
Navl.1 Kvl.1 Kv2.1 Kv7.1/KCNE1 Cavl.2/b2a/a2d1
Navl.2 Kv1.2 Kv2.1/Kv9.2 (KCNQ1/minK) Cav2.2/b3/a2d1
Nav1l.3 Kv1.3 Kv7.2/Kv7.3
Nav1l.4 Kvl.4 Kv3.1 Kv7.3/Kv7.5
Nav1l.5t Kv1l.5 Kv3.2 Other
Nav1.6 Kv1.6 Kv3.3 hERG-CHOT HCN1
Navl.7t Kv1.7 hERG-HEKT HCN2
Nav1.8 (rat) Kv1.8 Kv4.2/KChip2 HCN3
Navl1.81 Kv4.3/KChIP1 Kv12.2 HCN4

Kv4.3/KChIP2
Kir2.1
Ligand-Gated: T Also externally validated on Fluxion lonFlux™
GluR6 (GRIK2) NAChR al/bl/d/et
TRPV1 NAChR a3/b4

TRPV3  GABA, al/b3/2t
TRPAL  GABA, a3/b3/g2 CFTR
GABA, a5/b3/q2 ASIC3
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hERG

« lonworks, PatchXpress and/or manual patch clamp
» Single concentration and/or concentration response analysis
* Membranes for radioligand binding

Cardiac Profiler™ panel

« Liability profiling against 8 key cardiac channels:

— hERG, KCNQ1/minK, CaV1.2, NaV1.5, KV4.3/KChiP2, KV1.5, HCN4,
Kir2.1

— can accommodate individual or multiple compounds
* Profiling against each individual channel also available
» Single concentration and/or concentration-response analysis
* lonworks (PatchXpress and manual also available for some assays)

The panel has been validated by benchmarking agains  t reference
compounds with known channel activity and in vivo e ffects
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Flecainide - Class | antiarrhythmic

Sotalol - Class Il antiarrhythmic
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Therapeutic
Multiples

HCON4 Cavl.2 hERG

Nav1.5

KCNQI-mnK  Kv43-KChIP1

Kv1.5

Cavl.2 hERG

HON4

KONQ1-minK  Kv4.3-KChIP1 Navl5

Kvl5

lon Channel
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Based on inherited LQT syndrome, other channels can cause QT prolongation
independently of hERG

Effects of hERG block can be ameliorated (or potentiated) by action at other
channels

lonworks enables profiling at a throughput compatible with early lead
discovery/optimisation

Can use as a tool for flagging potential cardiac liabilities and for prioritising hit
series and compounds earlier in the drug discovery process

Complements low throughput, complex and specialised action potential
duration assays

Uses functional assays for key human ion channels - avoids false negatives
due to species differences
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* Frozen cells
— CardiacProfilier™ lines underway

e Additional cell lines
— Please talk to us

* FlexLab assays

— FLIPRTETRA W and PX available for subclone selection and detailed
profiling for your assay platforms

e Stem cells
— Neurons as better hosts?
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Undifferentiated

Intensity

Differentiated

Intensity

Immunofluorescence of ReNcell CX Human Neural Stem Ce  llIs.
- Cells were imaged on the GE IN Cell Analyzer 1000

Quantitative Cellular Imaging Blll-Tubulin and GFAP assays were used to characterize the differentiation of
human neural progenitor cells

Undifferentiated cells seal well on PX platform
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