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Higher Throughput Calcium Transient Recording from hiPSC-derived
Cor.4U Cardiomyocytes: Ready for CiPA Phase |l Validation Study

Dr. Ralf Kettenhofen 08.06.2016 Hamamatsu Application Workshop
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Comprehensive in vitro Proarrhythmia Assay
CiPA - Initiative




CiPA Members
2014-2015 MEMBERS

Government

(17) Academia

(20)

84 Total
Organizations

>250 Individual
Participants

Industry
(45)




CiPA - Overview of Working Groups

COMMITTEE WORKING GROUPS
OVERVIEW

Proarrhythmia

Working Group

Care
Bli@lina
Werking Group

lac
GKERS

Cardiac Stem
Cell Working
Group

Integrative
Strategies
Working Group

* Main objective: Assess
Proarrhythmic risk

» Main objective: Development
and application of biomarkers
of CV toxicity

» Main objective: Understanding &
characterizing stem cell-derived
cardiomyocytes for use in CV safety
assessments

« Main objective: Assess
predictability of preclinical CV
models to human
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CiPA Phase | - Pilot Study

® 3 Providers of pluripotent stem cell-derived cardiomyocytes
® 16 Volunteer sites

® 12 sites; 3 microelectrode array platforms

® 4 sites; 4 Voltage-sensing-optical (VSO) platforms

® 8 blinded test compounds; 4 concentrations, 3 triplicates

- Study was accomplished End 2014

- Manuscript for publication is under discussion

° ENIESIS

e CENESIS



CiPA Phase |l - Validation Study

® 2 Providers of pluripotent stem cell-derived cardiomyocytes
® 5 core sites (funded by FDA grant)
® 2 sites; 4 microelectrode array platforms
® 3 sites; 3 Voltage-sensing-optical (VSO) platforms
® Calcium Transient Assay (potential backup assay)
® 3 sites: Janssen, Axiogenesis, Merck (USA)
® Compounds:
® 28 blinded test compounds; 4 concentrations, 6 replicates
® 4 calibration compounds
® \/olunteer non-core test sites:

® 12 blinded test compounds + 4 calibration compounds
_qxioGENESJS



CiPA Phase Il - Validation Study
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Next Steps

¢+ Myocyte Phase 2 Study
Initiated
¢ Educational Webinars

¢ Myocyte Phase 2 Study

Data Analysis

¢ Educational Webinars

¢ Myocyte Phase 2
manuscript submission
(close BAA)

¢ New project scoping

Myocyte Phase 2 Study
Protocol Development
Educational Webinars

kick-off

Myocyte Phase 2 Study
Data Collection
Educational Webinars

Myocyte Phase 2
manuscript drafting
Educational Webinars
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Company Characterization

Excitation-Contraction Coupling
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High Throughput Kinetic Plate Reader Assays
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Company Characterization

Plate Reader System - Hamamatsu

Hamamatsu Hamamatsu

FDSS pCell FDSS 7000EX

Setup A Setup B
Pipettor Head EFS Head

96 well EFS head

Dispenser head —
Disposable tips
N
Assay plate —_
Excitation v Excitation -
light source light source

’\.‘l“““““_/““m - @I
Emission filter — Emission filter —

Camera lens & Camera lens &

I >

Camera (sensor) — \ Camera (sensor) — \/

HAMAMATSUD

Data generated in
collaboration with
Hamamatsu

Both systems can be equipped with a
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Important Factors Influencing the Calcium Transient Assay with hiPSC-

derived Cardiomyocytes




Company Characterization ~ Product/Format

Calcium Transient Assay - Important factors

® The calcium dyes

® Dye loading time

® Assay stability over time (assay window)
® Wash vs. non-wash

® Signal to noise ratio

® Medium / buffer

® Quencher

® Addition of organic anion transporter (e.g. probenecid)
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ACTOne™ Non-Wash Calcium Dye Kit
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Experimental Layout

Dye Dilution
1 2 3 4 5 6 7 8 9 10 11 12

SE SE SE SE SE SE
SE SE SE SE SE SE

I & M m O O W >

Codex 0.1x 0.1x Signal Enhance
Dye (Quencher)
0.25x 0.25x
0.3x 0.3x
0.5x 0.5x
0.75x 0.75x
1x 1x




Characterization Product/Format

Results
20 min

| x 0.75x 0.5x 0.3x 0.25x 0.1x Well C8 Well C9

0.3x in BMCC + 0.25x in BMCC +
BMCC

Signal Enhancer Signal Enhancer
| .- R ...- T 665391 -RRREno 6740.54- SR
£000.00 A \ \ . ' £000.00
- ! ! u '. ‘. v
BM CC + SE e | i 5000.00 5000.00 .
400000

L ][ [
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2028.03
0.0 50 100 00 50 10.0

3400 AFU 3000 AFU

- lrregular beating of fresh Cor.4U
Cardiomyocytes in HBSS Puffer




Characterization Product/Format

Results

30 min

| x 0.75x 0.5x 0.3x 0.25x 0.1x

1 2 3 4 5 6 7 8 9 10 11 12
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HBSS + SE .

BMCC
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Well C8 Well C9
0.3x in BMCC + 0.25x in BMCC +
Signal Enhancer Signal Enhancer

E x480.E m540 Ex480.EmS40

4000.00

2690.1
00 5.0 10.0 0.0 50

4200 AFU 3300 AFU

Increase in background without Signal
Enhancer.

100



Characterization Product/Format

Results
60 min
Well C8 Well C9
| % O 75x 0.5 0.3x O 25x 0.1x
TS 2 0.3xin BMCC + 0.25x in BMCC +
BM CC 197877 Ex480 E 540 1197877 Ex480.EmS40

l=======.ll.ll

00 50 10.0 0.0 50 100

HBSS

5000 AFU 4000 AFU
HBSS + SE
- lIrregular Beating in HBSS buffer
- Further increase background
— onigoENES

ePresented for: '_1‘ 18




Characterization Product/Format

Results

90 min
Well C8 Well C9

|X 0 75X 0.5 0.3x °°25Xm n°° Ix 0.3x in BMCC + 0.25x in BMCC +

7 g 9 12
Signal Enhancer Signal Enhancer
B M CC 13261.12-EX480 Em540 12061 12-Ex480 Em540

- Amplitude at 0.3x and 0.25x is
o llIIlIIlIlll e o
- Arrest with the highest dye
concentration in BMCC + SE

ol SENES - Complete arrest in HBSS buffer
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Results

BMCC

BMCC + SE

HBSS
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Characterization

Product/Format

|20 min

0.75x 0.5x

|

1 2 3 4 5 B 7 g 9 10 11 12

(M

ePresented for:

0.3x 0.25x 0.1x
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Well C8

Well C9

0.3x in BMCC +

Signal Enhancer

0.25x in BMCC +

Signal Enhancer

Ex480 Em540

E x480.E m540

8000.00

0.0 5.0 100 00 5.0 10.0

2100 AFU

1900 AFU

- 2 hours after start of dye loading the
amplitude has decreased more than 50%
compared to max

- Arrest occurs at higher dye concentration in

BMCC
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Results

BMCC

BMCC + SE

HBSS

Characterization

240 min

Ix O 75x O 5x

ePresented for:
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Product/Format

O 25x
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GENESIS
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Well C8 Well C9

0.3x in BMCC +

Signal Enhancer

0.25x in BMCC +
Signal Enhancer

Ex480 Em540 5312 Ex480.Em540

0.0 5.0 100 00 5.0 10.0

ca. 1500 AFU ca. 500 AFU

- Hugh increase in background without Signal
Enhancer.

Remaining Amplitude was only 30% or 12.5%
for the 0.3x or 0.25x diluted dye, respectively,

compared to max amplitude after 60 min.
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Characterization Product/Format

Protocol

e GENESIS

Fresh Cor.4U Cardiomyocytes were seeded in Cor.4U Culture medium with 20k cells/well into a 96 well pClear plate from

Greiner Bio One and cultured for 3 days.

On the day of experiment, medium was exchanged for phenol red-free BMCC Medium at least 2 hours before the start of

the experiment.

The lyophilized dye was reconstituted in water-free DMSO as 5 mM stock concentrations and was cryopreserved in

aliquots.

The dye stock solution was dilute 1:500 to obtain the Ix working concentration of 10 uM in BMCC Medium (without

quencher or probenecide). The provider suggests to us concentrations between 10 pM and 20 pM.

The following concentrations were tested with the Cor.4U Cardiomyocytes:

10 uM, 5 M, 2.5 pM, 1.0 uM, 0.5 pM
Recording in the FDSS7000EX were done from 30 min and up to 4 hours after loading with the calcium dye.

As a reference FLIPR Calcium 5 Assay Kit dye (1:6 diluted of the recommended |x solution) and the Codex ACTOne Non-

Wash Calcium dye (at 0.3x concentration of the recommended |x solution) were tested on the same plate.

.'r .?..-'o.-< |
ePresented for: " ol
a! >4

23



>N
-
(qr)
(o™
m 3
o
9

imental Layout

Exper

6

FLIPR Calcium 5 Assay Kit 1

- %

v

sy
.

s

=3
.
’

.

LR D
L “2
LAY

-
»

~

-’o;.'.:!’o Ak
Vel svive

»

v =
Loy p

—
Y

»

fepw

A

-
|

.

-
<
w
el

C
',

=
’

-
»

RS
U...

14 oo
Sl B
IV

v
H
.

Y
-a"
-

:7\' -7

Lav s
.

AT P M A
D

VST s
e
A

TNV,

ST

»
.

.
0
R A
A

TR
e

w,
B
.

[P L

24

ePresented Or:




Results - Cal-520
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Product/Format

2.5 uM

1.0 pM

0.5 uM

- Service

FLIPR ACT
Cab One

30 min
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Results - Cal-520
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2.5 uM

.0 uM

UL

0.5 uM

FLIPR ACT
Ca5 One
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45 min
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Results - Cal-520

10 °ENESIS

- et

Product/Format

2.5 UM

1.0 uM

— x
FLIPR ACT
0.5 uM
Cab One
- 12 1] 12

P S as L e R -

XXX
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Results - Cal-520
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First arrest of the spontaneous calcium transients with the FLIPR Calcium 5 Assay Kit.
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2.5 uM

T
.’~‘

.0 uM

~ Service

FLIPR ACT
Ca5 One

0.5 uM

90 min
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Results - Cal-520

XXX
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2.5 uM

1.0 pM

0.5 uM

~ Service

FLIPR
Ca5

11

ACT
One

12

|20 min
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Results - Cal-520
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2.5 uM

1.0 pM

0.5 uM

3 10

~ Service

FLIPR ACT
Cab One
11 12

AT TR ST
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Results - Cal-520
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Product/Format T ervice

10 uM 5uM 2.5 uM 1.0 uM 0.5 uM

First arrest at 10 uM and 5 pM Cal-520.

Decrease in fluorescent calcium transient amplitude with ACTOne.

Almost complete arrest with the FLIPRR Calcium 5 Assay Dye.

ePresented for: 'i

FLIPR ACT
Ca5 One

240 min
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Bent fast rise of the
calcium transient
and prolonged

peak width

©
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Product/Format T ervice

Results - Cal-520 30 min
10 uM

2.5 uM .0 uM 0.5 uM

time windows: 4s

Physiological fast

FLIPR ACT rise of the calcium
Calcium 5 One transient and short
peak width

FLIPR Calcium 5 and Codex ACTONne reveal an slowed rise of the calcium transients from 80%
to 100%.

There is obviously a changes in calcium transients which potentially indicates the start of toxic
events at an early time point.

Calcium transient durations are increased with the FLIPR Calcium 5 dye and the ACTOne dye at

concentrations tested compared to Cal-520 dye (see also quantitative analysis).

ePresented for: 'i 33



Product/Format  Service

Results - Cal-520 90 min
10 uM 5 uM 2.5 uM .0 uM 0.5 uM

time windows: 4s

Bent fast rise of the

calcium transient

ACT
One

FLIPR
Cab5

At higher concentrations of Cal-520 the slope at 80% to 100% starts to slow as well.

et
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Product/Format  Service

Results - Cal-520 120 min

10 uM 2.5 uM .0 uM 0.5 uM

time windows: 4s

FLIPR ACT
Ca5 One

At 10 uM Cal-520 the calcium transient peak with duration starts to prolong.
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Results -
10 uM

6
o
7

i
\C/)

(%)

Cal-520

Product/Format ~ Service

240 min
2.5 uM .0 uM 0.5 uM

time windows: 4s

= - -

- The amplitude of the ACTONne calcium dye decrease overtime if no probenecid is applied.

- Calcium transient duration with ActOne dye decreases with decreased amplitude

- Low concentration of Cal520 dye conserves physiological phenotype.
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Quantitative Analysis of Non-Wash
Cal-520 Calcium Transients Recorded from

et
. 2
. :
l... n.
l.- » -
.hl '
en s®
H ¢
. \
el Ret
. ve
. ) 8
- .O.
. A3
Y

Py
l..’l

TR

.
-

Pr.
l..’

e

> -
2x
Y ’.0 e

e e

\
'

AR

N
AR A

0

Cor.4U Cardiomyocytes

R RO PSR TSN P P
jore 35N

u-'-\

- iy
.hl .bs N .
. . e

o ) e
.hl .“\ Ak
Al L
.../ 3

):'..‘.'

R A
l.. '..
kF .
< o

{]
R R
- - %
2 B

58
7
:'1

-
» —
B Y
s e

RO
-~
'

2
e

‘
o'
AT

4

/10
Lr s .
A i
—VI. ..\ ”v.
.. .l o .'.

SR,
STy

-'c »

P . '-n ..
°_, N
ol

VoS

-
Py
l..’l

1332 At datl J)'::-."J;'::-.".:)'::-.' P

N
o




Company Characterization

Overview - Arrest of Spontaneous Calcium Transient in Cor.4U Cardiomyocytes

0/16 0/16 0/16 0/16 0/16

0/16 0/16 0/16 0/16 0/16 0/8 0/8

0/16 0/16 0/16 0/16 0/16 0/8 0/8

0/16 0/16 0/16 0/16 0/16 -
0/16 0/16 0/16 0/16 0/16 -

0/16 0/16 0/16 0/16 0/16




Company

Characterization

Beat Rate

60

beating frequency [bpm]

10000 5000 2500 1000 100 1:6 FLIPR 0.3x
Calcium 5 ACTOne

concentrations [nM]

® 30 min
W 45 min
60 min
® 90 min
120 min
180 min

240 min

- Beat rate is higher in Cal-520 Assay compared to the both other dyes, especially at the lowest dye

concentration.

- Beat rate decreases with increasing dye concentrations.
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Company Characterization T —
Results - Cal-520 Peak Width (PW) 80%

1000
E
S o .
600 o .
- min
S 500 - .
X I “ 60 min
© 400 -
Q N ® 90 min
o 300 - I
&P 500 W 120 min
% 100 - = “ 180 min

= 240 min

10000 5000 2500 1000 100 1:6 FLIPR 0.3x
Calcium 5 ACTOne

concentrtions [nM]

- Cal-520 calcium transient PW30% and 80% increase over time in the highest concentrations (toxic effect?).

- FLIPR Calcium 5 and ACTOne dye PW80% values are almost twice as high compared to the lowest Cal-520
concentration (=> toxic or unphysiological?).
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Calcium Transient Amplitude

Company Characterization

18000

16000

14000 -

12000 -

E M 30 min
g 10000 - W 45 min
< )
% 8000 - ™ 60 min
o ¥ 90 min
(¢°]

6000 -

120 min
180 min

240 min

4000 -

2000 -

10000 5000 2500 1000 100 1:6 FLIPR 0.3x

_ Calcium5 ACTOne
concentrations [nM]

- Calcium Transient amplitudes from Cal-520 increase over time (max after 3 hours) although no
probenecid was added.

- FLIPR Calcium 5 and ACTOne dye amplitudes reach a maximum after 60 min.
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Company Characterization

Results
Beat Rate

80.00

70.00

60.00

50.00

B 60 min

40.00
® 90 min
30.00 ™ 120 min
B 150 min

M 180 min

beating frequency [bpm]

210 min

10.00

“ 240 min

20.00

0.00

2.5 uM 1.0 uM 0.5 uM 0.5x 0.3x 0.25x
Cal-520 Cal-520 Cal-520 ACTOne ACTOne ACTOne

Calcium Dyes
concentrations [nM]

- Beat rate at | hour is reduced due to wash step => requires longer incubation after wash
- Beat rate with Cal-520 is 10 BPM higher compared to compared 0.5x ACTOne.



Company

Results

i

Characterization

Calcium Transient Amplitude

4000.00

3500.00

3000.00

2500.00

2000.00 -

1500.00 -

average AMP [RFU]

1000.00 -

500.00 -

0.00 -

2.5 uM
Cal-520

1.0 uM 0.5 uM 0.5x 0.3x 0.25x
Cal-520 Cal-520 ACTOne ACTOne ACTOne

Calcium Dyes
concentrations [nM]

M 60 min
® 90 min
120 min
M 150 min
180 min
210 min

1240 min

- Amplitude of Cal-520 calcium transients is absolutely stable during after 4 hours.

- ACTOne amplitudes are decreased after 3 hours.
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Company Characterization

Results

'g 1400.00

e 1200.00

o .

% 1000.00 %60 min

S 800.00 ® 90 min

S .

= 600.00 ¥ 120 min

2 400.00 150 min

Q

?éo 200.00 ® 180 min

m .

= 0.00 210 min
2.5 uM 1.0 pM 0.5 uM 0.5x 0.3x 0.25x = 240 min

Cal-520 Cal-520 Cal-520 ACTOne ACTOne ACTOne

Calcium Dyes
concentrations [nM]

- 0.5x ACTOne peak width at 80% are doubled compared to 2.5 pyM Cal-520 (and also 0.25x ACTOne) and
almost 3x the values of 0.5 uM Cal-520.
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Results
Calcium 5 Assay Kit Dye Cal520

120.00 Beat Rate

100.00 :8
E e 70
2 80.00 . g_
§ =0= aseline el 60
Q .
3 60.00 > min g 20 . .
£ —A—10 min © 40 Baseline
o0 )
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- Right shift of isoproterenol increased beat rate with the Calcium 5 Assay Kit dye

- Cal520: More physiological isoproterenol effect




Characterization Product/Format

Conclusion

® Choice of the right calcium dye is important

® Cal520 at low concentrations revealed to be the most physiologic dye

® Long-term stability (assay window)

® calcium transient and beating parameters

® No quencher is required for Cal520 when the right assay medium/

buffer is chosen

® Washout is required for Cal520
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