47101807 A2 IV YO TS0 N

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

25 November 2004 (25.11.2004)

(10) International Publication Number

WO 2004/101807 A2

(51)

21

(22)

(25)

(26)

(30)

(1)

(72)

International Patent Classification’: C12Q
International Application Number:
PCT/US2004/014463
International Filing Date: 7 May 2004 (07.05.2004)
Filing Language: English
Publication Language: English
Priority Data:
10/434,894 9 May 2003 (09.05.2003) US

Applicants (for all designated States except US): THE
TRUSTEES OF COLUMBIA UNIVERSITY IN THE
CITY OFNEW YORK [US/US]; 110 Low Memorial
Library, West 116th Street & Broadway, New York, NY
10027 (US). THE RESEARCH FOUNDATION OF
STATE UNIVERSITY OF NEW YORK [US/US];
Office of Technology Licensing and Industry Relations,
N5002 Melville Library, Stony Brook, NY 11794-3369
(US).

Inventors: BINAH, Ofer; 148 Saar Street, 3600 Nofit
(IL). COHEN, Ira, A.; 23 Hawks Nest Road, Stony Brook,
NY 11790 (US). ROBINSON, Richard, S.; 67 Roosevelt
Street, Cresskill, NJ 07626 (US). ROSEN, Michael, R.; 25
East 86th Street, Apt. 14C, New York, NY 10028 (US).

(74)

(81)

(84)

Agent: WHITE, John, P.; Cooper & Dunham LLP, 1185
Avenue of the Americas, New York, NY 10036 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: HIGH TROUGHPUT MONITORING CHAMBER FOR TESTING DRUG EFFECTS ON REPOLARIZATION AND

CONDUCTION

(57) Abstract: The invention provides a method for determining the effects of an agent on repolarization of cells ir vitro, comprising
stimulating the cells with an energy source and under conditions sufficient and for a time sufficient to depolarize the cells, measuring
& the QT interval of the electrical, signals output by the cells in response to the stimulating step, contacting the cells with an agent,
& restimulating the cells with the same energy source and under the same conditions as the first stimulating step and for a time sufficient
Lo I depolarize the cells, measuring the QT interval of the electrical signals output by the cells in response to the second stimulating
step, and comparing the results of the measuring taken after the first and second stimulating steps to determine whether the agent

affects repolarization of cells The present invention also provides a method for determining the effects of an agent on conduction of
cells in vitro.



10

15

20

25

30

WO 2004/101807 PCT/US2004/014463

HIGH THROUGHPUT MONITORING CHAMBER FOR TESTING DRUG EFFECTS Oﬁ

"REPOLARIZATION AND CONDUCTION

Statement Regarding Sponsored Research or Development

The invention disclosed herein was made with Government support
under NIH Grant Nos. HL-28958 and HI-53956 from the National
Institutes of Health.  Accordingly, the U.S. Government has

certain rights in this invention.

Backg;ound of the Invention

Throughout this application, various publications are referenced

to by numbers. Full citations may be found at the end of the

specification immediately preceding the claims. The disclosures

of these publications in their entireties are hereby
incorporated by reference into this application in order to more
fully describe the state of the art to those skilled therein as

of the date of the invention described and claimed herein.

The present invention relates to a high throughput monitoring
chamber for testing drug effects on. repolarizationA ~and

conduction.

Some pharmacological compounds can negatively affect cardiac
repolarization or conduction, thereby triggering cardiac
dysrhythmias in individuals. Early detection and screening of

these potentially harmful compounds will advance drug discovery

and development. Currently, only low-throughput screens,
utilizing isolated  tissue, intact animal, or cell-culture
systems, are available. These existing screens are -relatively

expensive and can only generate 10’s of data points a day. The
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present invention 1is directed towards providing a reliable;
high—throughput; cell based assay capable of scréening thousands

‘Qf compoundsv a month in order to evaluate their effects on

cardiac repolarization and conductiqh such that potential

proarrhythmic and therapeutic effects can be identified.



10

15

20

25

30

WO 2004/101807 PCT/US2004/014463

Summary of the Invention

The present invention providesAva method for determining the
effects of an agent on 'repolarization of cells in vitro. The -
steps of the method comprise 'stimuiating the cells with an
energy source and under conditions sufficient and for a time
sufficient to depolarizé‘the cells, meaéuring the QT interval of
the electrical Signalé output by the cells in response'to thé
stimulatingA stép, contacting the cells with aﬁ agent, re-

stimulating the cells with the same energy source and under the

- same conditions as the first stimulating step and for a time

sufficient to depolarize the bells, measuring the QT interval of
the electrical signals output by the cells in response to the
second stimulating step, 'aﬁd éomparing the results of the
measuring taken after the first and second stimulating steps to

determine whether the agentAaffécts iepolarization of cells.

_The present invention also provides a method for determining the

effects of an agent on conduction of cells in vitro, comprising
stimulating the cells with an energy source and under conditions
sufficient and for a time' sufficient to- depolarize the cells,
measuring the spike duration of the electrical signals outpﬁt by
the cells in response to the stimulating sﬁep, contacting the
cells‘ with an agent, re-stimulating the Acells with the . same
energy source and under the same conditions as the first
stimulating steb and for a time sufficient - to depolarize the
cells, ﬁeasuring the spike duration of the electrical signals
outbut by the cells in response to the stimulating step, and
comparing the results of the méasuring_taken after the first and
seéond stimulating steps to determine whether the agent affects

conduction of the cells.
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Brief Description of the Figures

Figure ‘1A-F show a data acquisition system and méthods‘ for

construction of activation maps;

Figure 1A shows. the recording electrodes layout on which

' neonatal rat ventricular myocytes (NRVM) were plated;

Figure 1B shows NRVM plated around 4 recording electrodes;
Figure 1C shows the inter-spike interval of a 7-day old culture;

Figure 1D shows a fast sweep-speed trace of a unipolar

electrogram recorded from one electrode site;

Figure 1E shows the calculation of the ‘local activation time

(LAT) from the electrogram recorded at one electrode site;

Figure 1F shows an activation map constructed from the LAT at
each electrode, the scale of the map being between 0 and 35 ms;

and

Figure 2. shows two graphs illustratingAthé effects of an Ig-
blocking drug, E4031, on repolarization relative to a control,
and showing in particular the prolonged repolarization occurring

in the presence of the drug.
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Detailed Description of the Invention

The present invention provides. a method for determining thé
effects of an agent on repolarization of cells in vitro. The
steps of the method comprise“stimulating the cells with an
energy source and under conditions sufficient ‘and-for a time
sufficient to depolariie‘the cells, meaéuring the QT interval of
the electrical‘signaléAoutput4by the cells in response to the
stimuléting' step, contacting the cells with an agent, re-
stimulating the cells with the same'energy source and under the
same -conditions as the first stimulating step and for a time
sufficient to depolarize the cells, measuring the QT interval of
the electrical signals output by the cells in response to the
second stimulating step,‘ and comparing the results of the
measuring taken after the first and second stimulating steps to .

determine whether the agent affects‘repolarization of cells.

The cells of the above-described method may be cardiac myocytes

‘disaggregated from a species having an Ix current; such as

neonatal rat cardiac myocytes.

Alternatively, the cells may be transfected with a gene, such as
the HERG gene, or the cells may be stem célls transfected with a
gene, such as the HERG gene.

The agent of the above-described method may be a drug.

The  step . of stimulating of the -above-described method may
comprise étimulatihg the cells with -an energy source and under
conditions sufficient and for ‘a time sufficient to depolariie

the cells in a testing well.
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The testing well of the above- descrlbed method may have an 1nner
diameter of 3mm by 3mm with one 150 x 30um stlmulatlng electrode
and one 30um dlameter electrode placed at ‘opposite ends of the
well. The electrodes 'may have tltanlum—nltrlte gold contacts

and may be insulated with silicone nitride.

The present invention also provides a method for determining the
effects of an agent on eoﬁduction of cells in vitro, comprising
stimulating the cells,with an energy source and under'conditions
sufficient and forra time sufficient to depolarize the cells,
measuring the spike duration of the electrical signals outpﬁt by
the cells in response to the stimulating step, contacting  the
cells with an agent, re-stimulating the cells with the . same
energy source and under the same conditions as the first
stimulating step and for a time sufficient to depolarize the
cells, measuring the spike duration of the electrical signals
output by the cells in response to the stimulating step, and
comparing the results of the measuring taken after the firSt and
second stimulating steps to determine whether the agent affects

conduction of the cells.

The cells of the above-described method may be cardiac myocytes

disaggregated from a species having an Ig, current, such. as

neonatal rat cardiac myocytes.

Alternatively, the cells may be transfected’with a gene, such as

"the HERG gene, or the cells may be stem cells transfected with a

gene, such as the HERG gene.

The agent of the above-described method may be a drug.
. _
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The step of stimulating of the above-described. method may
comprise stimulating the cells with an energy source and under
conditions‘suffiéient and for a time sufficient to depolarize .

the cells in a testing well.

The testing well of the above-described method may have an inner
diameter of 3mm by 3mm with one 150 ¥ 30um stimulating electrode
and one BOﬁm diameter electrode placed at opposité ends of the

well. The electrodes may have titanium-nitrite gold contacts

and may:be insulated with silicone nitride.

As used herein, the term “repolarization” means the process
whereby a membrane, cell, or fibre, after depolarization, 1is
polarized again, with positive charges on the outer and negative

charges on the inner surface.

As used herein, the term “depolarize” means to reduce to an

unpolarized condition.
As used herein, the term' “QT interval” meahs the time from
electrocardiogram Q wave to the end of the T wave correSponding

to electrical systole.

As used herein, the term “HERG gene” means the human ether-a-go-

- go related gene which generatés the Iy, current that is recorded

from isolated cardiac myocytes.

As used -herein, the term “Im- cu;rent” means the delayed

rectifier potassium current.
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As used herein, the term “cardiac myocytes” means myocytes
derived from muscle or conductive tissue of a heart, either

isolated or in culture, and capable of initiating a curfent.

Methods explaining the above detailed description are set forth

below.

The present invention provides 'a high throughput monitoring

‘chamber for testing ‘drﬁg ‘effects on repolarization and

conduction. -

" Preparation of Cultured Myocytes

Extracellular matrix collagen type I from calfskin (Sigma C-
8919) was diluted 1:10 in 0.1M acetic acid and 0.5ml of ‘the

solution was applied to the MEA for 3-4 hours at room

temperature. Prior to myocyte plating, the MEA was rinsed with
PBRS.

Cultures of neonatal rat ventricular myocytes (NRVM) were
prepared as previously described (9), with some modifications.

Ventricles from 1-2 day old Sprague-Dawley rats were dissociated
enzymatically at room temperature using the protease RDB (Cat #
300—0,.IIBR, Ness-Ziona, Israel)f' The enzyme was diluted 1:100
in phosphate buffered saline (PBS) containing glucose (lmg/ml)
and antibiotics (100 U/ml.pen}cillin,4100‘mg/ml streptomycin) .
The myocytes were ‘then collected by 10 minuté qentrifugation
(léOO‘rpm) at the end of a 10 minute cyclé of digestion. The
tissue fragments were dispersed after eight to ten cycles. Each
cell pellet was then rinsed with Ham’s F10 (Cat # 01-090-14,
Biological Industries, Beit-Haemek, Israel) and resuspended ‘in
fresh Ham’s F10. The pooled cells were filtered through a
8
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stainless steel grid, centrifuged, and. resuspended in ;growth
medium (Ham’s F10 supplement with 5%.fetal calf serum, 5% horse
serum, 100 U/ml pehicillin, 100 mg/ml streptomycin, 1 mM‘CaClé
(up to a total "concentration 6f 1.3 mM), and 50 mg/100 .ml
bromodeoxyuridine (BrdU) (Sigma, B-5002)). The myocytes were

then placed in a monito;ing chamber onto the bottom of a testing
well at.a density of 2-3 x 10é myocytés/ml. The chamber contains
between 24 to 96 such‘wells. The cultures were maintained in a
humidified incubator with an atmosphere of 5% CO;, and 95% air at .

37°C.

Data Acqﬁiéition System, Culture Stimulation, and Electrical

. Activity Recording

The monitoring chamber is a PC-based data acquisition ‘system
(Multi Channel Systems, Reutlingen, Germany), consisting of
multi-electrode arrays (MEAs), pre- and filter- amplifiers, a
data acquisition board and software. The MEA consists of a 50 x
50mm glaés substrate, in the center of which is embedded a 1.4
x - 1.44m matrix of 60 titanium-nitride, gold contact, 30um
diameter electrodes insulated with siliéone nitride, " with an
interelectrode distance of ' 200 pm réspectively‘(note that there
are no electrodes at the corner of the matrix). Cultures are
stimulated using one of the four pairs of 'stimulating electrodes
(250 pm x 50 um) located 2mm from each of the four external rows
of recording electrodes. Data is recorded at 10kHz with 12-bit
precision. To permit data recording, the MEA is removed from
the incubator, constantly perfused with fresh culture medium,
and saturated with.a gas mixture consisting of 5% CO; and 95% air

at 37°C.
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The MEA mapping system used is compatibie with the paradigm tﬁat
the spacing between recording electrodes must be larger than the
electrodes themselves (13). Eason and Malkin used' a finite
eleﬁent|model with modifiéd Fitzhugh-Nagumo kinetics, in which
the electrodes were represented as isopotential sﬁrfaces' of
varying width and spacing ratios (center-to-center spaciﬁg
diﬁided‘by the electrode diameter, spacing ratio —fSR) (14),'énd
simulated the . ability of a single electrode to detect the
conduction velocity (ambné‘other paraﬁeters) due to a passing
wavefront. The propagation velocity for the - referénce
stimulatioh (in the absence of electrodes) was 37 cm/sec (a
value compatible with the conduction velocities measured); énd
the detected propagation yeiocities for all electrode sizes (10~
100um) were within 10% of the reference velocity for all
SR’s>1.O.AA Thus, for SR of 6.7 (200um/30pm) of the eiectrode

matrix, the conduction velocities are reproducibly measured.

Figures 1A-F show the data acquisition system and methods for
the construction of activation maps. The Multi-Electrode Array
(MEA) system was utilized to record  electrical activity from
neonatal rat ventricular (NRVM) .cultures. Figure iA shows the
recording electrodes layout on which NRVM myocytes were plated
with electrode diameter of 30um diameter and inter-electrode

distance of ZOOpm. Figure 1B is a photograph depicting NRVM

.plated around 4 recording electrodes.  Figure 1C is an inter-

épike interval of a spontaneously firing 7-day old cﬁiture. The

recording was performed for 10 hours under regular culture

conditions, while the - spontaneous activity was relatively
stable. Figure 1D shows a fast sweep~speed trace of a unipolar
electrogram recorded from one electrode site. Figure 1E is the
calculation of the local activation time (LATY from the

10
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electrogram recorded at one electrode site. The blue trace 1is
thé electrogram, the red trace 1s the electrogram first
derivative and the green vertical 1line - is the minima- of the

differentiated siénal, denoting LAT. - Figure 1F is an activation

- map constructed from the LAT at each electrode. The isochronal

map was constructed using linear interpolation between the
eléctrodes, calculated by means of the MATLAB software. The
recordings electrode matrix is superimposed on the colored map.

The scale of the map is between 0 and 35.ms.

Data were filtered using a bidirectional Butterworth fourth-

order low-pass digital filer to obtain =zero phase distortion

with a cutoff fregquency of 2 kHz. The filtered 'signal was
differentiated digitally to determine the locél activation time
(LAT) a£ each electrode. The calculation also provided the
maximal voltage change of fhe QRS (dV/dtmax). The color-coded

activation maps were constructed by interpolating the LAT values
for the sites beéetween the electrodes and extrapolating the LAT
values for the four corners of the MEA matrix. Activation maps

were plotted using the Matlab standard two-dimensional plotting

function (pcolor) (Matlab 5.3; Mathworks Inc.)

Alternatively, cell lines or stem cells transfected with the
HERG and other genes may Dbe used instead of ‘the cardiac
myocytes. When drugs are to be assayed, the chamber is moved to
a standard microscope for  stimulation and recording of
electrical signals. The electrogram spike and QT'interval are
recorded. Drug is then added to each well in graded amounts .and
the effects of the drug on  spike duration, reflecting
conduction, and QT ‘interval,  reflecting repolarization, are
recorded by the aforementioned PC-based data acquisition system

11
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(Figure 2). The standard method of use would include alcontfol
and three concentrations of the drug, but the system can support
an array of possibilities with more controls and more drug

concentrations.
Although a preferred embodiment of the invention is described,
the invention is not so limited, as variations and modifications

will occur to those skilled in the art.

The scope of the invention is determined by way of the appeﬁded

claims.

12
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What is claimed: .

A method for determining the effects of an agent

on  repolarization of cells in vitro, . .
:omprising: ' '
(a) stimulating the cells with an energy
séurce and under conditions

éufficient and for a time sufficient to
depolarize the cells;
(b) measuring the QT interval of the

electrical signals output by the cells

- in response to the stimulating step
(a);: |
(c) contaéting the cells with an agent;
(d) re-stimulating the cells with the same
energy source and under the same‘
conditions as step (a) and for a time

sufficient to depolarize the cells;
'(e) measuring the QT interval of the

electrical signals output by the cells

in response to. the stimulating step
(d); and o B
(£) comparing the results of the measuring
in steps (b) and (e) to determine
whether the agent | affectS‘

repolarization of the cells.
The method of claim 1, wherein the cells are
cardiac myocytés disaggregated fromA a species
having an Im.current.

The method of claim 2, wherein the cardiac

‘myocytes are neonatal rat cardiac myocytes.

17
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10.

11.

12.

13.

14.

15.

The method of claim 1, "wherein the cells aré
transfected with a gene.
The method of claim 4, wherein' the gene‘ is thé
HERG gene. ‘
The method ‘0of claim 1 wherein the cells are stem
cellsf .
The method of claim 6, wherein the stem ce;ls are
transfected with a gene.
The method‘bf'claim 7, whérein the gene is the
HERG gene.
The method of claim 1, wherein the agent is a
drug.
The method of claim 1, wherein the sfep of
stimulating comprises stimqlating the cells
with an energy source and under condifions
sufficient and for a time. sufficient to
depolarize the cells in a testing well.
The method of claim 10, wherein the testing well
has an inner diameter of 3mm by 3mm.
The method of claim 11, wherein the testing well
comprises two electrodes placed at oppdsite ends
of the well.
The method of claim 12, wherein the electrodes
comprisé one 150 x 30uM stimulating electrode
and one 30um diameter electrode.
The method of clzim 13, wherein the 'electrodes
have fitanium—nitrite gold contacts and are
insulated with silicone nitride.
A method for determining the effects,éf an agent
on conduction of cells in vitro, comprising:

(a) stimulating the <cells with an energy

source and under conditions sufficient

18
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and for a time sufficient A to

depolarize the cells;

(b) measuring - the  spike duration of the
electrical Signals output by the.
cells ‘in ' response to the

stimulating step (a);-

(c) ~ contacting the cells with an agent;

(d) re-stimulating the cells with the same
energy source. and .under. the same
conditions as step (a) and for a time

sufficient to dépolarize the' cells;

(e) measuring the spike duration of the
electrical signals output by the
cells in response to the

stimulating sfep (d); and
(f) comparing the results of the measuring

in steps (b) and (e) to dete:mine
whether the agent affects conduction
of the cells. ‘

The method of claim 15, wherein the . cells are

cardiac myocytes disaggregated from a species

having an Ix, current.

The method of <¢laim 16, wherein the cardiac

myocytes are neonatal rat cardiac myocytes.

. The method of claim 15, wherein the cells are

transfected with a gene.

The method of claim 18, wherein the gene is the
HERG gene. '
The method of claim -15, .wherein the cells are

stem cells.

-The method of claim 20, wherein the stem cells

are transfected with a gene.

19
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22.
23.

24.

25.

26.

27.

28.

The method of claim 21, wherein the gene is the
HERG gene.

The method of claim'15, wherein the agent.is a
drug. | |

The method of claim 15, wherein the .step of
stimulating comprises stimulating the cells with
an  energy source  and under " conditions
sufficient and for a time sufficient . to
depolarize the cells in a testing well.

The method of claim 24, wherein the testing weli
has an inner diameter of 3mm by 3mm.

The method of claim 25, wherein the testing wéll
comprises two électrodes placed at opposité ends
of the well. |

The method of claim 26, wherein the electrodes
comprise one 150 x 30puM stimulating electrode
and - one 30um diameter electrode.

The method of claim 27, wherein the electrodes
have titanium-nitrite gold <contacts and are

insulated with silicone nitride.
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