LABEL-FREE MONITORING OF EXCITATION-CONTRACTION COUPLING
AND EXCITABLE CELLS USING IMPEDANCE BASED SYSTEMS WITH
MILLISECOND TIME RESOLUTION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This is a continuation of US patent application serial no. 17/824,782, filed
May 25, 2022, which is a continuation of US patent application serial no. 16/733,781,
filed January 3, 2020, now US patent 11,360,072, which is a continuation of US patent
application serial no. 16/020,679, filed June 27, 2018, now US patent 10,533,985, which
is a continuation of US patent application serial no. 15/651,882, filed July 17, 2017, now
US patent 10,012,636, which is a continuation of US patent application serial no.
12/435,569, filed May 5, 2009, now US patent 9,709,548, which claims benefit of
priority to U.S. provisional patent application serial no. 61/191,684, filed on September
11, 2008, and U.S. provisional patent application serial no. 61/126,533, filed on May 5,

2008; the content of each is herein incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to impedance-based monitoring of
cells and more particularly to systems and methods for monitoring excitation-contraction
coupling and excitable cells using impedance based systems with millisecond time

resolution.

BACKGROUND OF THE INVENTION

[0003] Excitation-contraction coupling (ECC) is a term used to describe the
physiological process of converting an electrical stimulus to a mechanical response. The

process is fundamental to muscle physiology, wherein the electrical stimulus may be an
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action potential and the mechanical response is contraction. Although ECC has been

known generally over half a century, it is still an active area of biomedical research.

[0004] Cardiomyocytes are specialized muscle cells of the myocardium that are
capable of excitation-contraction coupling. Cardiomyocytes are commonly used in
biomedical research to assess the cardiotoxicity of potential drugs or treatments. Two
conventional approaches to assess cardiotoxicity are primarily used. A first approach
involves isolation of cardiomyocytes directly from a mammalian species such as rats and
dogs followed by electrophysiological studies on the isolated cardiomyocytes. However,
this approach suffers from being extremely labor-intensive, time consuming and costly
and at the same time not very amenable to the high throughput demands of
pharmaceutical industry. An alternative approach utilizes cell-based assay models, which
heterologously express specific ion channels such as hERG channels or voltage-gated
calcium channels. These cardiac ion channels have been envisioned as possible molecular
targets through which drugs could induce cytotoxicity. These cell-based systems allow
assessment of drug-channel interaction by monitoring the effect of the drug on currents
produced by different channels in cultured cells using a technique known as “patch
clamping.” Patch clamping isolates regions of the cell membrane containing channel
proteins and measures changes in electrical potential difference. However, use of this
method in high throughput requires automation of patch clamping in an array format,
which even though is becoming increasing available, is not yet widespread. In addition,
cardiac toxicity may occur by other mechanisms that may be missed by this type of

targeted approach.

[0005] An alternative to in vitro ion-channel recording assays as well as the labor-
intensive isolation of primary tissue is the differentiation of embryonic stem (ES) cells
into cardiomyocytes. The utility of ES cells as a treatment for various chronic diseases
has received much attention in recent years. Mammalian ES cells are self renewing cells
derived from the inner cell mass of a blastocyst stage embryo which can be differentiated
into multiple different cell types. It has been demonstrated that the mouse ES cells as well
as human ES cells can be differentiated into cardiomyocytes which retain the ability to
beat in culture. Differentiation of ES cells first involves an intermediate in vitro

developmental stage in which ES cells form compact cell structures known as embryoid
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bodies. These embryoid bodies can induce the developmental program of ES cell
differentiation into multiple cell types including cardiomyocytes, which are distinguished
in culture by their ability to undergo spontaneous beating. These ES derived in vitro
differentiated cardiomyocytes recapitulates the normal development of cardiomyocytes as
evidenced by the stage-specific expression of cardiomyocyte specific genes. All the
known transcription factors, ion channels and structural proteins that are part of normal

heart development and function in vivo are also expressed in ES-derived cardiomyocytes.

[0006] Even though high throughput to medium throughput systems have been
developed for functional characterization of cell lines heterologously expressing the gene
for specific ion channels, high throughput techniques for functional characterization of
more complex systems such as cardiomyocytes have been limited. Technologies
designed to assess cardiomyocyte behaviour and function and the effect of drugs and
other manipulations iz vifro can be divided into two different approaches. One approach
involves long term assessment of cardiomyocyte viability for example in response to
certain compounds. Such assays are typically end point assays designed to measure a
cellular component such as ATP which correlates with the degree of viability of the cells.
The other approach involves studying short term effect of drugs and compounds on
beating function of cardiomyocytes. High throughput techniques for short term functional
characterization of ion channels and other targets in cardiomyocytes has been rather
challenging and limited. The available systems typically only monitor a single
cardiomyocyte or a small number of cardiomyocytes at a time and with very limited

throughput.

SUMMARY OF THE INVENTION

[0007] The present invention addresses the need to provide systems and methods
for improved monitoring of excitation-contraction coupling and excitable cells and
provides related benefits. Specifically, embodiments of the invention describe label-free
methods for monitoring excitable cells, such as cardiomyocytes, in vitro. The system is

capable of continuously monitoring excitation-contraction coupling in a relatively high-
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throughput manner. The systems and methods can be used for pharmacological safety
assessment, screening for novel compounds which modulate cardiomyocyte function in a
specific manner, and assessment of genes involved or potentially involved in cardiac
function. In addition the system and methods may study the role of different genes and
proteins in cardiac function and development through the use of embryonic stem (ES)

derived cardiomyocytes.

[0008] In one aspect of the presence invention a system for monitoring
impedance of excitable cells in vitro is provided including a device for monitoring cell-
substrate impedance, an impedance analyzer capable of impedance measurements at
millisecond time resolution, electronic circuitry that can engage the device and
selectively connect two or more electrode arrays of the device to the impedance analyzer
and a software program that controls the electronic circuitry and records and analyzes
data obtained from the impedance analyzer. Embodiments of the device for monitoring
substrate impedance include a nonconductive substrate having one or more individually
addressable electrode arrays fabricated thereon and one or more wells. Preferably, each
of the one or more arrays is associated with one of the one or more wells and each
electrode array is individually addressable. In further embodiments, a surface of the
substrate is suitable for cell attachment, wherein cell attachment results in a detectable
change in impedance between electrodes within the array. Attachment or growth along
the surface may be enhanced by applying a precoat having one or more compounds that
improve attachment. In embodiments where the device includes multiple wells, the
impedance analyzer has the capability to allow impedance measurements for each and
every well at millisecond time resolution. That is to say, for a selected time period, the
impedance data for each and every well of the system is measured at millisecond time
resolution. Further, when groups of wells are monitored, the groups are monitored at

millisecond time resolution.

[0009] Embodiments of the system include electrode arrays having two electrode
structures that have substantially the same surface area. The electrodes themselves may
be formed from suitable electrically conductive materials such as metal, gold, platinum,
titanium, chromium and the like. The electrode arrays may be organized in a variety of

configurations, including interdigitated, circle-on-line, diamond-on-line, concentric,
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sinusoidal, and castellated. The widths of the electrode structures may be between 20

microns and 500 microns or 5 microns and 100 microns.

[0010] Embodiments of the invention include impedance monitoring using
millisecond time resolution. Millisecond time resolution allows monitoring of at least
two consecutive impedance measurements with an excitation cycle of excitable cells,
which are introduced into the well. Further, millisecond time resolution enhances
measurement such that excitation-contraction coupling of excitable cells may be
effectively monitored. In some embodiments the excitation cycle is a beating cycle, such
as a beating cycle of a cardiomyocyte. In some embodiments at least two consecutive
impedance measurements are performed in less than 100 milliseconds. In other
embodiments at least two consecutive impedance measurements are performed in less
than 40 milliseconds. In still further embodiments at least two consecutive impedance
measurements are performed in less than 20 milliseconds. In still further embodiments
the at least two consecutive impedance measurements are performed in less 10

milliseconds.

[0011] In some embodiments the device is provided as a multiwell device or a
multiwell plate. In some embodiments, the multiwell device or multiwell plate may
including 6 wells, 8 wells, 16 wells, 32 wells, 96 wells, 384 wells or any number
therebetween. Throughout the present application where the device includes multiple
wells each of which is associated with an electrode array, millisecond time resolution
refers to that for any selected time period, the impedance measurement for each and
every well can be performed with two consecutive measurements separated with
millisecond resolution. Further, when groups of wells, such as subsets of all wells of a
device, are monitored a group of wells may be monitored using millisecond time

resolution.

[0012] Embodiments of the present invention provide impedance-based
monitoring with millisecond time resolution in combination with longer term monitoring
of cells. By combining millisecond time resolution technology with impedance
monitoring having longer time periods, both short term and long term effects on excitable

cells can be evaluated. In some embodiments impedance readouts can be used to monitor
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both short term beating and long term viability status of cardiomyocytes in the same well
or the same population. Such monitoring addresses needs where certain manipulations
such as drug treatment may not manifest its effect on cardiomyocyte beating and/or

viability until a later time period.

[0013] In some embodiments methods for assessing and quantifying excitable
cells in vitro include providing the impedance-based system with millisecond time
resolution; adding excitable cells to one or more wells; monitoring impedance of the one
or more wells over a first time period, which is characterized as a longer time period,
such as seconds, minutes, hours or days; monitoring impedance of the one or more wells
over a second time period in millisecond time resolution; determining a characteristic,
such as cell attachment, cell growth and cell viability from monitoring over the first time
period; and resolving individual cycles of the excitable cells from monitoring over the
second time period. In such embodiments, monitoring impedance over the second time
period may be performed at regular or irregular time intervals within monitoring

impedance over the first time period.

[0014] Among the benefits, embodiments of the invention permit impedance
readouts to monitor the morphological or differentiative behavior of cardiomyocytes in
vitro. Certain treatments can induce changes in morphological behavior of
cardiomyocytes, such as inducing hypertrophy which is associated with cardiomyocyte
elongation and expansion. Because impedance monitoring can detect changes in cell

morphology, it can be used to for detection of hypertrophy in cardiomyocytes.

[0015] In another aspect of the present invention a method for assessing or
quantifying excitable cells in vitro is provided. An exemplary method includes providing
the impedance based system having millisecond time resolution, adding excitable cells to
the one or more wells, monitoring impedance of the one or more wells, and resolving
individual cycles of the excitable cells. The method has particular utility with cells that
are known or suspected to be capable of or undergo excitation-contraction coupling, such
as cardiomyocytes. The method may also be useful for monitoring neurological cells or
neurological systems. Impedance measurements may be performed in millisecond time

resolution. In some embodiments, two consecutive impedance measurements for each
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and every well of the system are performed less than 300 milliseconds apart. In further
embodiments, at least two consecutive impedance measurements for each and every well
of the system are performed less than 100 milliseconds apart. In further embodiments, at
least two consecutive impedance measurements for each and every well of the system are
performed less than 40 milliseconds apart. In further embodiments, at least two
consecutive impedance measurements for each and every well of the system are less than

10 milliseconds apart.

[0016] In some embodiments methods of determining whether a compound
modulates a beating cycle of an excitable cell is provided. An exemplary method
includes providing the impedance based system having millisecond time resolution,
wherein the system includes at least two wells; adding excitable cells to the at least two
wells; monitoring impedance of the at least two wells; adding a compound suspected of
modulation of the beating cycle to a first of the at least two wells to provide a test well,
wherein a second well lacking compound or having a control compound is provided as a
control well; resolving the beating cycle of both test well and control well; and
comparing the beating cycles between the test well and control well, wherein a difference
in beating cycles indicates the compound modulates the beating cycle of the excitable
cell. In some embodiments, beating cycles are compared to identify changes in beating
magnitude or amplitude. In other embodiments, beating cycles are compared to identify
changes in beating frequency, which may be regular changes or irregular changes. In
further embodiments the method includes determining a cell index for each of the test
well and control well such that the step of comparing the beating cycles includes
comparing the cell indices between test well and control well. Peak magnitude or
amplitude and/or frequency may be compared. The method may also include monitoring
impedance over longer time periods of time. Such embodiments may provide long term
impedance monitoring with intermittent monitoring using millisecond resolution. Thus

short term and long term monitoring may be performed.

[0017] In another exemplary methods include providing a device for measuring
cell-substrate impedance operably connected to an impedance analyzer, wherein the
device includes at least two wells; adding ES cells, adult stem-cell derived

cardiomyocytes or primary cardiomyocytes to at least two wells; monitoring impedance
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of the at least two wells at different or similar time intervals over a period of time and
optionally determining cell indices from impedance values; generating an impedance-
based curve or optionally a cell index curve for each of the at least one known
biologically active agent and the control; comparing the impedance-based curves or
optionally the cell index curves between the at least one known biologically active agent
well and the control well. The impedance-based curves may be direct measurement of
cardiomyocyte excitation-contraction coupling and if significantly different, concluding
that the biologically active agent modulates cardiomyocyte function. Optionally,
impedance-based curves or optionally cell index curves are used to calculate average rate
of beats of cardiomyocytes per unit time, average amplitude intensity in a unit time as
well as the average length of time between the beats, comparison of these optionally
derived parameters is made between the at least one known biologically active agent well
and the control well, and if significant differences exist, one may optionally conclude that

the biologically active agents modulate cardiomyocyte functions.

[0018] In other embodiments of the present invention, a method of characterizing
rhythmic beating of a cardiomyocyte is provided. An exemplary method includes
providing the impedance based system with millisecond time resolution; adding excitable
cells to the one or more wells; monitoring impedance of the one or more wells in
millisecond time resolution; determining a plurality of beating cycle peaks; and
comparing magnitude or amplitude or frequency of the peaks over a time unit. Various
methods can be used for determining beating cycle peaks. For example, time dependent
impedance values or cell index values for a well are analyzed by deriving their first order
derivatives and second order derivatives using numerical methods. The beating cycle
peaks are those data points where the first order derivatives of impedance values or cell
index values are zero or close to zero in its absolute value. If the beating cycle peak is a
positive peak (i.e. peak corresponds to a maximum value in measured impedance or cell
index over the beating cycle), then the peak would correspond to the data points where
the second order derivatives of the impedance values or cell index values is negative and
where the first order derivatives of the impedance values or cell index values is zero or
close to zero in its absolute value.  If the beating cycle peak is a negative peak (i.e.

peak corresponds to a minimum value in measured impedance or cell index over the
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beating cycle), then the peak would correspond to the data points where the second order
derivatives of the impedance values or cell index values is positive and where the first
order derivatives of the impedance values or cell index values is zero or close to zero in
its absolute value. ~ The step of determining a plurality of beating cycle peaks may
include determining a rise in impedance and a decay in impedance and extrapolating a
peak from each rise and decay. The method may further include determining a cell index
for each of the one or more wells, which may allow improved comparison of beating
cycles. Further, beating cycle peaks may be determined by identifying frequency
components having largest magnitude in Fourier transformed impedance data. The
method may also include monitoring impedance over longer time periods of time. Such
embodiments may provide long term impedance monitoring with intermittent monitoring

using millisecond resolution.

[0019] A variety of agents and compounds may be tested for modulation of
excitable cells and for modulation of rhythmic beating of cardiomyocytes. Examples
include compounds, peptides, proteins, antibodies or antibody fragments, siRNA,

shRNA, lipid or any combination of thereof.

[0020] In another aspect of the present invention a method of assessing genetic
manipulation of an embryonic stem cell is provided including providing the impedance
based system having millisecond time resolution, mutating embryonic stem cells to
include a genetic mutation; adding mutated embryonic stem cells to a first well of at least
two wells to form a test well and control embryonic stem cells to a second of at least two
wells to form a control well; monitoring impedance of the at least two wells in
millisecond time resolution; resolving the beating cycles of both test well and control
well, if any; and comparing the beating cycles between the test well and control well,
wherein a difference in beating cycles indicates the genetic mutation modulates
embryonic stem cell differentiation. In some embodiments the embryonic stem cell
differentiation is differentiation into a cardiomyocyte. In some embodiments the genetic
mutation is selected from the group consisting of a genetic knock out, a knock down and
an inserted transgene. The method may also include monitoring impedance over longer

time periods of time. Such embodiments may provide long term impedance monitoring
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with intermittent monitoring using millisecond resolution. Thus short term and long term

monitoring may be performed.

BRIEF DESCRIPTION OF THE DRAWNGS

[0021] Those skilled in the art will recognize that the drawings described below
are for illustrative purposes only. The drawings are not intended to limit the scope of the

invention but to provide exemplary embodiments.

[0022] FIGS.1A-1B depict schematic drawings of one design of a cell-substrate
impedance measurement device of the present invention. FIG. 1A shows a
nonconductive substrate (101) shown with 16 electrode arrays fabricated on the substrate.
Each electrode array (102) comprises two electrode structures (shown in detail in FIG.
1B). Each electrode structure comprises multiple electrode elements. Each electrode
array connects to two electrical traces (103), with each of the two traces connected one of
the two electrode structures. These electrical connection traces (103) from the electrode
array (102) are connected to the connection pads (104) at the edges of the substrate (101).
As shown in FIG. 1A, each the four electrode arrays in each of four quarters on the
substrate (101) have one of their electrical connection traces (103) connected to a
common connection pad (104). Thus, for the entire device there are four common
connection pads (104), one for each quarter of the device. In addition, each electrode
array has a separate electrical connection trace (103), connecting to an independent
connection pad (104). Thus, there are total 20 connection pads (104) at the edges of the
substrate (101). In FIG. 1B a single exemplary electrode array is shown. The electrode
array has two electrode structures, where each electrode structure comprises multiple
electrode elements (105) shown here having a circle-on-line geometry. In this electrode
array structure, electrode elements (105) of one electrode structure of the array alternate
with electrode elements (105) of the other electrode structure of the array. Each of the
electrode structures is independently connected to its electrode bus (106), in this case, by
means of direct connection of the electrode elements (105) to the electrode bus (106).
Each electrode bus (106) forms an arc around the perimeter of the array, where the two

buses of the array do not abut or overlap. The electrically conductive connection traces
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(103 in FIG. 1A) connect each bus with a connection pad (104 in FIG. 1A) on the edge
of the substrate (101 in FIG. 1A).

[0023] FIG. 2A is a schematic representation of a device 100 with two electrode
structures of same or similar areas deposited on a substrate. First electrode structure has
electrode elements 110a, 110b, 110c¢ and second electrode structure has electrode
elements 120a, 120b, 120¢ and 120d. Electrode elements within an electrode structure
are connected to each other by arc-shaped connection electrode bus 125. Like the
electrode elements, such connection-buses (125) are also made of electrically conductive
material (e.g. gold film, platinum film, gold film over a chromium or titanium film).
These electrically conductive connection-paths or connection buses (125) may have an
insulating coating. Electrode elements 110a-110¢ and 120a-120d comprise electrode
lines with connected circles added on the line. The overall area of electrode elements and
gaps between electrode elements may correspond to, or may be slightly larger than, or
may be slightly smaller than, the bottom of a well (e.g., a cylinder shaped well, a conical
shaped well, or a cubic shaped well), for example, a 24 well-plate, a 96-well plate, or 384
well plate that are commonly used. The whole surfaces of the wells may be covered with
electrodes to ensure that the cell attachment at nearly any locations of the bottom surface
of the well can contribute to the impedance change. This arrangement has an advantage
that non-uniform landing and attachment of cells on the bottom surface of the different
wells would result in only a small variation in the impedance measured between electrode
structures 110 and 120. 150 are connection pads that can be connected to an external
impedance measurement circuit. 130 is the electrical connection traces that connects the
connection pad to the electrode structures 110 and 120. Such connection traces can
extend in any direction in the plane of the electrodes. FIG. 2B is a schematic
representation of a device 200 with two electrode structures of similar areas deposited on
a substrate. Electrode structures 210 and 220 comprise multiple interconnected electrode
elements. Electrode elements (210a-210c, 220a-220d) are rectangular lines and together
form an interdigitated electrode structure unit. Similar to FIG. 2A, the electrode
elements (210a-210¢, 220a-220d) within each electrode structure are connected through
arc-shaped, electrically conductive paths or electrode buses (225). Connection pads 250

are connected to electrode structures through the electrical connection traces 230. FIG.
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2C is a schematic representation of a device 300 with two electrode structures of similar
areas deposited on a substrate. Electrode structures 310 and 320 comprise multiple
interconnected electrode elements (310a-310f, 320a-320f). Electrode elements (310a-
310c¢, 320a-320d) are rectangular lines and together form an interdigitated electrode
structure unit. Different from FIG. 2A and FIG. 2B, the electrode structures having

electrode elements 310a-310c¢ and 320a-320c¢ are connected to connection pads 350.

[0024] FIG. 3 shows the cell index curves measured on RT-CES system for 4
different seeding densities (3750, 7500, 15,000 and 30,000 cells per well) of mouse ES-
derived cardiomyocytes. In this example, the impedance measurement was taken with a

time resolution of 1 hour between any two consecutive data points for each well.

[0025] FIG. 4A provides a plot of normalized cell index values for cells in
different wells treated with different concentrations of sodium dichromate dehydrate
(SDD). FIG. 4B provides the corresponding sigmoidal curve for deriving the IC-50 of

the compound.

[0026] FIG. SA provides a graph of normalized impedance data over time
showing shifts in morphology in response to isproteranol, a 2 adrenergic receptor
agonist. FIG. 5B shows a plot of the normalized cell indices against the log of the

corresponding isoproteranol concentrations to calculate the EC-50.

[0027] FIG. 6 shows the cell index curves measured on RT-CES system for 4
individual wells, with cell culture medium as background starting from cell seeding to
about 86 hrs after cell seeding. For such long term measurement, cell electrode
impedance and corresponding cell indices were measured at about 15 minute intervals.
Thus for each well, the impedance measurement was performed with a time resolution of

15 minutes.

[0028] FIGS. 7A-D provides a series of graphs showing cardiomyocyte beating
throughout attachment and growth phases.

[0029] FIG. 8A and FIG. 8B are a pair of cell index curves and the

corresponding beat rate derived from Fourier transformation of impedance values
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[0030] FIGS. 9A-D show cardiomyocyte beating data from mouse
cardiomyocytes treated with sotalol. In FIGS. 9C and 9D, the time resolution between
two adjacent points is 40 milliseconds. In other words, a second in FIGS. 9C and 9D is

equivalent to 40 milliseconds.

[0031] FIG 10A depicts graphs of agents which slow down heart rate and
cardiomyocyte beating. FIG. 10B depicts graphs of agents which increase heart rate and

cardiomyocyte beating.

[0032] FIGS. 11A-T depict impedance data of cardiomyocyte patterns associated

with testing of a variety of known compounds, which are further described in Table 11

[0033] FIG. 12 depicts impedance based cardiotoxic patterns from known

compounds.

[0034] FIG. 13 shows an example of dose dependent effects of Astemizole on

cardiomyocytes beating at different concentrations.

[0035] FIGS. 14A - H are graphical depictions of real time impedance-based
millisecond time resolution of cardiomyocyte beating in response to Haloperidol

treatment. The Y-axis is the cell index value.

[0036] FIGS. 15A-H depict graphical analysis of the impedance beating
frequency from impedance plots (cell index plots) shown in FIGS. 14A — H.

[0037] FIGS. 16A-H depict additional graphical analysis of the magnitude or
amplitude of the beating cycle peaks from impedance plots (cell index plots) shown in

FIGS. 14A-H.

[0038] FIGS. 17A-I are graphical depictions of real time impedance-based
millisecond time resolution of cardiomyocyte beating in response to Erythromycin

treatment. The Y-axis is the cell index value.

[0039] FIGS. 18A-I depict graphical analysis of the impedance beating frequency
from impedance plots (cell index plots) shown in FIGS. 17A — 1.
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[0040] FIGS. 19A-I depict additional graphical analysis of beating magnitude or
amplitude of the beating cycle peaks shown from impedance plots (cell index plots)

shown in FIGS. 17A — 1.

DETAILED DESCRIPTION OF THE INVENITON

[0041] Detailed descriptions of preferred embodiments of the provided herein. It
is to be understood; however, that the present invention may be embodied in various
forms. Therefore specific reference to various forms are provided as a basis for the
claims and for teaching one skilled in the present art to employ the present invention in

appropriate system, structure or manner.

A. Definitions

[0042] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as is commonly understood by one of ordinary skill in the art to
which this invention belongs. All patents, applications, published applications and other
publications referred to herein are incorporated by reference in their entirety. If a
definition set forth in this section is contrary to or otherwise inconsistent with a definition
set forth in the patents, applications, published applications and other publications that
are herein incorporated by reference, the definition set forth in this section prevails over

the definition that is incorporated herein by reference.
[0043] As used herein, “a” or “an” means “at least one” or “one or more.”
[0044] As used herein, “membrane” is a sheet of material.

[0045] As used herein, “biocompatible polymer” means a polymeric material
that does not have deleterious effects on cells, including the viability, attachment,

spreading, motility, growth, or cell division.

[0046] As used herein, “suitable for attachment” refers to structural features

that permit attachment of cells thereto. A surface is “suitable for cell attachment” when a
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significant percentage of the cells attach or adhere to the surface within twelve hours.
Preferably, at least 50% of the cells are adhered to the surface within twelve hours. More
preferably, at least 70% of the cells are adhered to the surface within twelve hours of
plating (i.e., adding cells to the well or fluid container). Even more preferably, the
surface properties of a surface that is suitable for cell attachment results in at least 90% of
the cells adhering to the surface within twelve hours of plating. Most preferably, the
surface properties of a surface that is suitable for cell attachment results in at least 90% of
the cells adhering to the surface within eight, six, four, two hours of plating. To have
desired surface properties for cell attachment, the surface may need to chemically-treated
(e.g. treatment with an acid and/or with a base), and/or physically treated (e.g. treatment
with plasma), and/or biochemically treated (e.g. coated with one or more molecules or

biomolecules that promotes cell attachment).

[0047] As used herein, “impedance measurement at millisecond time
resolution” refers to the ability to perform a series of at least two consecutive impedance
measurements within milliseconds of one another for each and every well of the system
where each well is associated with an electrode array for impedance measurement. In
each instance the time between two consecutive impedance measurements are less than
300 milliseconds from one another. Preferably, consecutive impedance measurements
are less than 200 milliseconds from one another. More preferably impedance
measurements are less than 100 milliseconds from one another. For example, the time
between two consecutive impedance measurements are 40 milliseconds from one another
for each and every well of the system. To be clear, that is to say, in a time period of 40
milliseconds, the system has the ability to measure two impedance data points for each

and every well of the system.

[0048] As used herein, “excitable cells” refers to a cell population that is
capable of propagation and spreading action potentials to surrounding cells. These cells
are able to produce and respond to electrical signals. Some excitable cells are capable of
excitation-contraction coupling. Examples of “excitable cells” include cardiomyocytes,
cells that beat, some skeletal muscle cells, some smooth muscle cells and some neural

cells. Identification of excitable cells may be found in cell biology literature.

15 20191134-16
Axion Exhibit 1002

Axion v. Agilent

Page 15



[0049] As used herein, “excitation-contraction coupling” refers to the
physiological process of converting an electrical stimulus to mechanical response. This
process is fundamental to muscle physiology, whereby the electrical stimulus is usually
an action potential and the mechanical response is contraction. EC coupling can be

dysregulated in many disease conditions.

[0050] As used herein, “beating cycle” refers the time between which a
cardiomyocyte sequentially beats. The “beating cycle” may vary depending on organism
and developmental stage of the cardiomyocyte. A beating cycle may be as short as
between 100 and 200 milliseconds, translating to a beating rate of 600 to 300 beats per
minute. A beating cycle may be as long as between 1000 millisconds and 10,000

milliseconds, translating to a beating rate of 60 to 6 beats per minute.

[0051] As used herein, “biomolecular coating” or “coated with a
biomolecule” refers to is a coating on a surface that comprises a molecule that is a
naturally occurring biomolecule or biochemical, or a biochemical derived from or based
on one or more naturally occurring biomolecules or biochemicals. For example, a
biomolecular coating can comprise an extracellular matrix component (e.g., fibronectin,
collagens), or a derivative thereof, or can comprise a biochemical such as polylysine or
polyornithine, which are polymeric molecules based on the naturally occurring
biochemicals lysine and ornithine. Polymeric molecules based on naturally occurring
biochemicals such as amino acids can use isomers or enantiomers of the naturally-

occuring biochemicals.

[0052] As used herein, “extracellular matrix component” refers to a molecule
that occurs in the extracellular matrix of an animal. It can be a component of an
extracellular matrix from any species and from any tissue type. Nonlimiting examples of
extracellular matrix components include laminins, collagens fibronectins, other
glycoproteins, peptides, glycosaminoglycans, proteoglycans, etc. Extracellular matrix

components can also include growth factors.

[0053] As used herein, “electrode” refers to a structure having a high
electrical conductivity, that is, an electrical conductivity much higher than the electrical

conductivity of the surrounding materials.
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[0054] As used herein “electrode structure” refers to a single electrode,
particularly one with a complex structure (as, for example, a spiral electrode structure), or
a collection of at least two electrode elements that are electrically connected together.

All the electrode elements within an “electrode structure” are electrically connected.

[0055] As used herein, “electrode element” refers to a single structural feature
of an electrode structure, such as, for example, a fingerlike or branched projection of an

interdigitated electrode structure.

[0056] As used herein “electrode structure unit” refers to two or more
electrode structures that are constructed to have dimensions and spacing such that they
can, when connected to a signal source, operate as a unit to generate an electrical field in
the region of spaces around the electrode structures. Preferred electrode structure units of
the present invention can measure impedance changes due to cell attachment to an
electrode surface. Non-limiting examples of electrode structure units are interdigitated

electrode structure units and concentric electrode structure units.

[0057] As used herein, “electrode traces” refer to electrically conductive paths
that extend from electrodes or electrode elements or electrode structures toward one end
or boundary of a device or apparatus for connecting the electrodes or electrode elements
or electrode structures to an impedance analyzer. The end or boundary of a device may

correspond to the connection pads on the device or apparatus.

[0058] As used herein, “connection pad” refers to an area on an apparatus or a
device of the present invention which is electrically connected to at least one electrode or
all electrode elements within at least one electrode structure on an apparatus or a device
and which can be operatively connected to external electrical circuits (e.g., an impedance
measurement circuit or a signal source). The electrical connection between a connection
pad and an impedance measurement circuit or a signal source can be direct or indirect,
through any appropriate electrical conduction means such as leads or wires. Such
electrical conduction means may also go through electrode or electrical conduction paths

located on other regions of the apparatus or device.

[0059] As used herein, “interdigitated” refers to having projections coming

from one direction that interlace with projections coming from a different direction in the
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manner of the fingers of folded hands (with the caveat that interdigitated electrode

elements preferably do not contact one another).

[0060] As used herein, “high probability of contacting an electrode element”
refers to if a cell is randomly positioned within the sensor area of a device or apparatus of
the present invention, the probability of a cell (or particle) contacting on an electrode
element, calculated from the average diameter of a cell used on or in a device or
apparatus of the present invention, the sizes of the electrode elements, and the size of the
gaps between electrode elements, is greater than about 50%, more preferably greater than
about 60%, yet more preferably greater than about 70%, and even more preferably

greater than about 80%, greater than about 90%, or greater than about 95%.

[0061] As used herein, “at least two electrodes fabricated on said substrate”
refers to at least two electrodes are fabricated or made or produced on the substrate. The
at least two electrodes can be on the same side of the substrate or on the different side of
the substrate. The substrate may have multiple layers, the at least two electrodes can be

either on the same or on the different layers of the substrate.

[0062] As used herein, “at least two electrodes fabricated to a same side of
said substrate” refers to at least two electrodes are fabricated on the same side of the

substrate.

[0063] As used herein, “at least two electrodes fabricated to a same plane of
said substrate” refers to, if the nonconducting substrate has multiple layers, the at least

two electrodes are fabricated to the same layer of the substrate.

[0064] As used herein, “electrodes have substantially same surface area”
refers to the surface areas of the electrodes referred to are not substantially different from
each other, so that the impedance change due to cell attachment or growth on any one of
the electrodes referred to will contribute to the overall detectable change in impedance to
a same or similar degree as the impedance change due to cell attachment or growth on
any other of the electrodes referred to. In other words, where electrodes have
substantially the same surface area, any one of the electrodes can contribute to overall
change in impedance upon cell attachment or growth on the electrode. In most cases, the

ratio of surface area between the largest electrode and the smallest electrode that have
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“substantially the same surface area” is less than 10. Preferably, the ratio of surface area
between the largest electrode and the smallest electrode of an electrode structure is less
than 5, 4, 3,2, 1.5, 1.2 or 1.1. More preferably, the at least two electrodes of an electrode

structure have nearly identical or identical surface area.

[0065] As used herein, “said device has a surface suitable for cell attachment
or growth” refers to the electrode and/or non-electrode area of the apparatus has
appropriate physical, chemical or biological properties such that cells of interest can
viably attach on the surface and new cells can continue to attach, while the cell culture
grows, on the surface of the apparatus. However, it is not necessary that the device, or
the surface thereof, contain substances necessary for cell viability or growth. These
necessary substances, e.g., nutrients or growth factors, can be supplied in a medium.
Preferably, when a suspension of viable, unimpaired, excitable cells is added to the
“surface suitable for cell attachment™ at least 50% of the cells adhere to the surface
within twelve hours. More preferably, a surface that is suitable for cell attachment has
surface properties so that at least 70% of the cells are adhering to the surface within
twelve hours of plating (i.e., adding cells to the chamber or well that comprises the said
device). Even more preferably, the surface properties of a surface that is suitable for cell
attachment results in at least 90% of the cells adhering to the surface within twelve hours
of plating. Most preferably, the surface properties of a surface that is suitable for cell
attachment results in at least 90% of the cells adhering to the surface within eight, six,

four, two hours of plating.

[0066] As used herein, “detectable change in impedance between or among
the electrodes” refers to the impedance between or among the electrodes would have a
significant change that can be detected by an impedance analyzer or impedance
measurement circuit when molecule binding reaction or cell attachment or cell adhesion
or cell presence occurs on the electrode surfaces. The impedance change refers to the
difference in impedance values when cell attachment or cell adhesion or cell presence or
molecule binding reaction occurs on the electrode surface of the apparatus and when no
molecular reaction occurs on the electrode surface or no cell is present on the electrode
surface. The impedance change may occur upon the presence or decay of a beat from a

cardiomyocyte. Alternatively, the impedance change refers to the difference in

19 20191134-16
Axion Exhibit 1002

Axion v. Agilent

Page 19



impedance values when cells are attached to the electrode surface and when cells are not
attached to the electrode surface, or when the number, type, activity, or morphology of
cells attached to the electrode-comprising surface of the apparatus changes. In most
cases, the change in impedance is larger than 0.1% to be detectable. Preferably, the
detectable change in impedance is larger than 1%, 2%, 5%, or 8%. More preferably, the
detectable change in impedance is larger than 10%. Impedance between or among
electrodes is typically a function of the frequency of the applied electric field for
measurement. “Detectable change in impedance between or among the electrodes” does
not require the impedance change at all frequencies being detectable. “Detectable change
in impedance between or among the electrodes” only requires a detectable change in
impedance at any single frequency (or multiple frequencies). In addition, impedance has
two components, resistance and reactance (reactance can be divided into two categories,
capacitive reactance and inductive reactance). “Detectable change in impedance between
or among the electrodes” requires only that either one of resistance and reactance has a
detectable change at any single frequency or multiple frequencies. In the present
application, impedance is the electrical or electronic impedance. The method for the
measurement of such impedance is achieved by, (1) applying a voltage between or among
the electrodes at a given frequency (or multiple frequencies, or having specific voltage
waveform) and monitoring the electrical current through the electrodes at the frequency
(or multiple frequencies, or having specific waveform), dividing the voltage amplitude
value by the current amplitude value to derive the impedance value; (2) applying an
electric current of a single frequency component (or multiple frequencies or having
specific current wave form) through said electrodes and monitoring the voltage resulted
between or among the electrodes at the frequency (or multiple frequencies, or having
specific waveform), dividing the voltage amplitude value by the current amplitude value
to derive the impedance value; (3) other methods that can measure or determine electric
impedance. Note that in the description above of “dividing the voltage amplitude value
by the current amplitude value to derive the impedance value”, the “division” is done for
the values of current amplitude and voltage amplitude at same frequencies. Measurement
of such electric impedance is an electronic or electrical process that does not involve the

use of any reagents.
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[0067] As used herein, “multiple pairs of electrodes or electrode structures
spatially arranged according to wells of a multi-well microplate” refers to multiple pairs
of electrodes or electrode structures of a device or apparatus are spatially arranged to
match the spatial configuration of wells of a multi-well microplate so that, when
desirable, the device can be inserted into, joined with, or attached to a multiwell plate (for
example, a bottomless multiwell plate) such that multiple wells of the multi-well

microplate will comprise electrodes or electrode structures.

[0068] As used herein, “arranged in a row-column configuration” refers to
that, in terms of electric connection, the position of an electrode, an electrode array or a
switching circuit is identified by both a row position number and a column position

number.

[0069] As used herein, “each well contains substantially same number . . . of
cells” refers to the lowest number of cells in a well is at least 50% of the highest number
of cells in a well. Preferably, the lowest number of cells in a well is at least 60%, 70%,
80%, 90%, 95% or 99% of the highest number of cells in a well. More preferably, each

well contains an identical number of cells.

[0070] As used herein, “each well contains . . .same type of cells” means that,
for the intended purpose, each well contains same type of cells; it is not necessary that
each well contains exactly identical type of cells. For example, if the intended purpose is
that each well contains mammalian cells, it is permissible if each well contains same type
of mammalian cells, e.g., human cells, or different mammalian cells, e.g., human cells as
well as other non-human mammalian cells such as mice, goat or monkey cells, etc. In
some instances the “same type of cells” may initially refer to embryonic stem cells;

however, the stage of differentiation into cardiomyocytes may be differ.

[0071] As used herein, “each well contains . . . serially different concentration
of a test compound” means that each well contains a test compound with a serially
diluted concentrations, e.g., an one-tenth serially diluted concentrations of 1 M, 0.1 M,

0.01 M, etc.

[0072] As used herein, “dose-response curve” means the dependent

relationship of response of cells on the dose concentration of a test compound. The
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response of cells can be measured by many different parameters. For example, a test
compound is suspected to be cardiotoxic if it impairs cardiomyocyte beating, whether
magnitude or amplitude or frequency, or if it causes cell death. Then the response of
cells can be measured by percentage of non-viable (or viable) cardiac cells after the cells

are treated by the test compound.

[0073] As used herein, “microelectrode strip or electrode strip” refers to a
non-conducting substrate strip on which electrodes or electrode structure units are
fabricated or incorporated. The non-limiting examples of the non-conducting substrate
strips include polymer membrane, glass, plastic sheets, ceramics, insulator-on-
semiconductor, fiber glass (like those for manufacturing printed-circuits-board).
Electrode structure units having different geometries can be fabricated or made on the
substrate strip by any suitable microfabrication, micromachining, or other methods. Non-
limiting examples of electrode geometries include interdigitated electrodes, circle-on-line
electrodes, diamond-on-line electrodes, castellated electrodes, or sinusoidal electrodes.
Characteristic dimensions of these electrode geometries may vary from as small as less
than 5 micron, or less than 10 micron, to as large as over 200 micron, over 500 micron,
over 1 mm. The characteristic dimensions of the electrode geometries refer to the
smallest width of the electrode elements, or smallest gaps between the adjacent electrode
elements, or size of a repeating feature on the electrode geometries. The microelectrode
strip can be of any geometry for the present invention. One exemplary geometry for the
microelectrode strips is rectangular shape — having the width of the strip between less
than 50 micron to over 10 mm, and having the length of the strip between less than 60
micron to over 15 mm. An exemplary geometry of the microelectrode strips may have a
geometry having a width of 200 micron and a length of 20 mm. A single microelectrode
strip may have two electrodes serving as a measurement unit, or multiple such two-
electrodes serving as multiple measurement units, or a single electrode structure unit as a
measurement unit, or multiple electrode structure units serving as multiple electrode
structure units. In one exemplary embodiment, when multiple electrode structure units
are fabricated on a single microelectrode strip, these electrode structure units are

positioned along the length direction of the strip. The electrode structure units may be of
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squared-shape, or rectangular-shape, or circle shapes. Each of electrode structure units

may occupy size from less than 50 micron by 50 micron, to larger than 2 mm x 2mm.

[0074] A “compound” or "test compound" is any compound whose activity or
direct or indirect effect or effects on cells is investigated in any assay. A test compound
can be any compound, including, but not limited to, a small molecule, a large molecule, a
molecular complex, an organic molecule, an inorganic molecule, a biomolecule or
biological molecule such as but not limited to a lipid, a steroid, a carbohydrate, a fatty
acid, an amino acid, a peptide, a protein, a nucleic acid, or any combination thereof. A
test compound can be a synthetic compound, a naturally occurring compound, a
derivative of a naturally occurring compound, etc. The structure of a test compound can
be known or unknown. In one application of the present invention, a compound is
capable of, or is suspected of, modulating the beating cycle of a cardiomyocyte cell
population, whether by beating amplitude or frequency. In still another application, a
compound is capable of, or is suspected of, interacting with cells (for example, binding to
cell surface receptor, or inhibiting certain intracellular signal transduction pathway, or

activating cells).

[0075] A "known compound" is a compound for which at least one activity is
known. In the present invention, a known compound preferably is a compound for which
one or more direct or indirect effects on cells is known. Preferably, the structure of a
known compound is known, but this need not be the case. Preferably, the mechanism of
action of a known compound on cells is known, for example, the effect or effects of a
known compound on cells can be, as nonlimiting examples, effects on cardiotoxicity or

embryonic stem cell development, etc.

[0076] An "impedance value" is the impedance measured for electrodes in a well
with or without cell present. Impedance is generally a function of the frequency, i.e.,
impedance values depend on frequencies at which the measurement was conducted. For
the present application, impedance value refers to impedance measured at either single
frequency or multiple frequencies. Furthermore, impedance has two components, one
resistance component and one reactance component. Impedance value in the present

application refers to resistance component, or reactance component, or both resistance
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and reactance component. Thus, when “impedance value” was measured or monitored,
we are referring to that, resistance, or reactance, or both resistance and reactance were
measured or monitored. In many embodiments of the methods of the present application,
impedance values also refer to parameter values that are derived from raw, measured
impedance data. For example, cell index, or normalized cell index, or delta cell index

could be used to represent impedance values.

[0077] A "Cell Index" or "CI" is a parameter that can derived from measured
impedance values and that can be used to reflect the change in impedance values. There

are a number of methods to derive or calculate Cell Index.

[0078] A “Normalized Cell Index” at a given time point is calculated by dividing
the Cell Index at the time point by the Cell Index at a reference time point. Thus, the

Normalized Cell Index is 1 at the reference time point.

[0079] A “delta cell index” at a given time point is calculated by subtracting the
cell index at a standard time point from the cell index at the given time point. Thus, the
delta cell index is the absolute change in the cell index from an initial time (the standard

time point) to the measurement time.

[0080] A "Cell Change Index" or "CCI" is a parameter derived from Cell Index
and “CCI” at a time point is equal to the 1% order derive of the Cell Index with respect to

time, divided by the Cell Index at the time point. In other words, CCI is calculated as

CCI(r) = _dCI(®) .
CI(t)-dt
[0081] As used herein, “primary cell” or “primary cells” refers to any non-

immortalized cell that has been derived from various tissues and organs of a patient or an

animal.

B. Introduction to Impedance-Based Systems and Methods having

Millisecond Time Resolution
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[0082] The impedance-based system and methods of the present invention fill a
major technological gap in monitoring of excitation-contraction coupling and excitable
cells, such as cardiomyocytes, in vitro. This is accomplished, in part, from the
development of an impedance-based system and monitoring method that employs
millisecond time resolution. Millisecond timer resolution permits effective monitoring of
excitable cells for short durations, such as less than about 100 milliseconds. Further by
coupling millisecond time resolution with longer duration time periods, both short term
and long term effects of drugs, such as cell viability, changes in morphology and
adhesion can also be assessed. These combination studies permit further data collection
with respect to compounds such as -2 adrenergic receptor agonists, well known and
characterized modulators of heart function in vivo and in vitro, which can induce long
term hypertrophic responses in cardiomyocytes, which is associated with elongated
morphology of the cells. When combining long term monitoring and short term
monitoring it may be desirable to provide long term monitoring coupled to intermittent

short term monitoring periods.

[0083] The devices, systems and methods provided permit impedance-based
monitoring of excitable cells using millisecond time resolution. It has been discovered
that by developing enhanced impedance based systems, detailed analysis of excitable
cells, the excitation cycle of cells and potential modulators of excitable cells can be
performed. Further, by studying the excitation cycle with increased resolution
embodiments of the invention permit the effective evaluation of factors that may alter
normal or abnormal cycling. Without millisecond time resolution, it would not be
possible to perform detailed analysis of the beating cycle of the excitable cells. For
example, for cardiomyocytes, if the impedance is measured at seconds time-resolution
such as a ten-second or even one-second resolution, it would not be possible to observe
beating of the cardiomyocytes or resolve a beating cycle of the cardiomyocytes with an
impedance measurement. The cardiomyocytes-beating-resulted impedance change
would be shown as “noise” on the impedance curves measured at seconds or minutes
time-resolution. Indeed, it was a surprise that the beating of the cardiomyocytes on the
electrode surfaces would result in periodic change in impedance and even more surprise

that the impedance measurement, when performed at appropriate time resolution of milli-
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seconds, could resolve such beating cycles. After we discovered that cardiomyocyte
beating, when cultured on electrode surfaces, can be monitored via impedance
measurement, we interpreted that such dynamic monitoring of cardiomyocyte beating is
based on quantification in real time of the rhythmic changes in cardiomyocyte
morphology and/or attachment as a result of the excitation contraction coupling of the
electrically excitable cardiomyocytes growing on microelectrodes’ surface in E-PLATES
(ACEA Biosciences, San Diego, CA). The quantification of the rhythmic changes in
cardiomyocyte morphology and/or attachment is achieved via the fast (millisecond
resolution) and continuous measurement of electrode impedance. The method essentially
provides a cellular cardio-gram which can provide incisive information about the status

of cardiomyocytes especially upon treatment with pharmacological agents.

[0084] When combining long term impedance monitoring and short term
monitoring it may be desirable to provide long term monitoring coupled to intermittent
short term monitoring. In other words, while long term impedance monitoring is able to
identify long term effects on excitable cells, short term impedance monitoring, such as at
millisecond time resolution may be employed at particular time points to assess short
term effects. In some instances, impedance monitoring with millisecond time resolution
is performed at regular or irregular time intervals. In these instances, time intervals may
be preprogrammed in the system or may be initiated by the user. In some instances
intermittent measuring at millisecond time resolution is initiated upon the occurrence of
an event, such as an event detected or determined while long term monitoring of
impedance. Such events may be changes in measured impedance data, changes in optical
property and the like. Monitoring at millisecond time resolution may continue until a
programmed event occurs, such as expiration of a time period. After or during which,

long term impedance monitoring may continue.

[0085] In some embodiments, long term and short term monitoring of excitation-
contraction coupling or excitable cells is provided in combination. Exemplary methods
include providing the impedance-based system with millisecond time resolution; adding
excitable cells or cells suspected of excitation-contraction coupling to one or more wells;
monitoring impedance of the one or more wells over a first time period, which is

characterized as a longer time period, such as seconds, minutes, hours or days;

26 20191134-16
Axion Exhibit 1002

Axion v. Agilent

Page 26



monitoring impedance of the one or more wells over a second time period in millisecond
time resolution; determining a characteristic, such as cell attachment, cell growth and cell
viability from monitoring over the first time period; and resolving individual cycles of the
excitable cells from monitoring over the second time period. In such embodiments,
monitoring impedance over the second time period may be performed at regular or
irregular time intervals within monitoring impedance over the first time period. Further,
test agents may be added to assess their short term effects and long term effects on the

cells.

[0086] Impedance monitoring using, at least in part, millisecond time resolution
will be useful in the testing of compounds such as drugs for the treatment or prevention
of various medical conditions or their safety. In some embodiments the systems and
methods are used to test or evaluate potential compounds, drugs or treatments for
cardiotoxicity data. In some embodiments potential compounds, drugs or treatments are
tested for cardioprotective data. In some embodiments potential compounds, drugs or
treatments are tested for potential applicability for cardiovascular treatments, including
hypertension or congestive heart failure. In some embodiments potential compounds,
drugs or treatments are tested for modulation of embryonic stem cell development, such
as development into cardiomyocytes. In other embodiments the systems and methods are
used to test or assess potential drugs or treatments for neurological data, such as
beneficial or deleterious neurological effects. As will be understood by those skilled n
the present art, the impedance based system and methods including millisecond time
resolution permits evaluation across multiple cell populations or systems that including

excitation-contraction coupling.

[0087] One skilled in the art will understand embodiments of the present
invention may be used for studying a variety of excitable cells or effects thereon. As
nonlimiting examples cells may be cardiac muscle cells, neurological cells,
differentiating stem cells, embryonic stem cells, adult stem cells and the like. Smooth
muscle cells and skeletal muscle cells that undergo excitation-contraction coupling may

also be studied.
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[0088] In some embodiments of the present invention the excitation cycle or
beating of cardiomyocytes is studied. Cardiomyocytes are specialized muscle cells,
which make up the majority of the volume of the myocardium. The myocardium also
includes epithelial cells and fibroblasts. Cardiomyocytes are arranged largely in a
circumferential and spiral orientation around the left ventricle, the chamber that pumps
blood to the systemic circulation. Atrial myocytes, also cardiomyocytes, are smaller in
diameter and less structured than their ventricular counterparts. Cardiomyocytes have
five major components: cell membrane (sarcolemma) and T-tubules, for impulse
conduction; sarcoplasmic reticulum, a calcium reservoir needed for contraction;
contractile elements; mitochondria; and nucleus. Cellularly, cardiomyocytes may be

identified by the presence of cardiac tropnin T (TnT) and atrial natriuretic peptide (ANP).

[0089] The functional intracellular contractile unit of cardiac muscle (like skeletal
muscle) is the sarcomere, an orderly arrangement of thick filaments composed principally
of myosin, and thin filaments containing actin. Contraction of cardiac muscle occurs by
the cumulative effort of sliding of the actin filaments between the myosin filaments

toward the center of each sarcomere.

[0090] Cardiomyocytes may be obtained or isolated from cardiac tissue directly,
may be cultured from cardiomyocyte cells or may be differentiated from stem cells, such
as embryonic stem cells. In some embodiments embryonic or adult stem cells are used.
Methods for obtaining or isolating cardiomyocytes from cardiac tissue may be found in

the literature.

[0091] Since embryonic stem (ES) cells are self renewing cells in culture they can
serve as an excellent source for continuous production of cardiomyocytes. These derived
cardiomyocytes, which behave in every way like normal cardiomyocytes isolated from
the heart tissue itself, addresses the ever important supply problem and for the first time
allows for assessment of cardiac function and its modulation by lead candidate drugs and
compounds in relatively large scale. Furthermore, because the technology exists to
selectively knockout or express trans-genes in ES cells, it provides an excellent model
system to study the role of certain genes in cardiac development and function without

concern of adverse affects on overall embryonic development in transgenic animals.
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Further, the ability to express transgenes in ES cells has been utilized as a way to enrich
for preparation of cardiomyocytes that are 100% pure. For example, the gene encoding
GFP has been cloned downstream of a cardiac-specific promoter and then introduced into
ES cells. Embryoid cells which ultimately differentiate into cardiomyocytes express the
GFP transgenes and can be easily identified and isolated by cell sorting techniques and

therefore an enriched cardiomyocyte population can be obtained.

C. Impedance-Based Systems Having Millisecond Time Resolution

[0092] In preferred embodiments the system for monitoring impedance of
excitable cells in vitro includes a device for monitoring cell-substrate impedance, an
impedance analyzer capable of impedance measurements at millisecond time resolution,
electronic circuitry that can engage the device and selectively connect two or more
electrode arrays of the device to the impedance analyzer and a software program that
controls the electronic circuitry and records and analyzes data obtained from the
impedance analyzer. By providing the impedance based system with millisecond time
resolution, excitation-contraction coupling cells can be efficiently monitored and studied.
Accordingly, the systems provided herein are able to identify and evaluate changes in
excitation-contraction events, which may be used for high throughput analysis of
potential therapeutics. Millisecond time resolution measurements may be coupled with
longer term impedance monitoring, such as longer than seconds, hours or days. In some
embodiments, long term impedance monitoring is performed with intermittent periods of

impedance monitoring at millisecond time resolution.

[0093] Embodiments of the device for monitoring substrate impedance include a
nonconductive substrate having one or more individually addressable electrode arrays
fabricated thereon and one or more wells. A surface of the substrate may be suitable for
cell attachment, wherein the cell attachment results in a detectable change in impedance
between electrodes within the array. Preferably, the nonconducting substrate is planar,
and is flat or approximately flat. The substrates may be constructed from a variety of
nonconductive materials known in the present art, including, but not limited to, silicon

dioxide on silicon, silicon-on-insulator (SOI) wafer, glass (e.g., quartz glass, lead glass or
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borosilicate glass), sapphire, ceramics, polymer, fiber glass, plastics, e.g., polyimide (e.g.
Kapton, polyimide film supplied by DuPont), polystyrene, polycarbonate, polyvinyl
chloride, polyester, polypropylene and urea resin. Preferably, the substrate is
biocompatible with excitable cells; however, materials that are not biocompatible can be
made biocompatible by coating with a suitable material, such as a biocompatible polymer
or coating. Further, attachment or growth along the substrate or electrodes may be
enhanced by precoating the substrate with a protein or compound that facilitates
attachment or growth. Such compounds may be chosen according to techniques known
in the cellular biology arts; however, in some embodiments fibronectin is effective.
Alternatively, the substrate may be chemically modified to display reactive groups that

enhance cell attachment, particularly ES cells or cardiomyocytes.

[0094] Each electrode array includes two or more electrode structures that are
constructed to have dimensions and spacing such that they can, when connected to a
signal source, operate as a unit to generate an electrical field in the region of spaces
around the electrode structures. Preferably the electric field is substantially uniform
across the array. An electrode structure refers to a single electrode, particularly one with
a complex structure. Specifically, an electrode array includes two electrode structures,
each of which includes multiple electrode elements, or substructures, which branch from
the electrode structure. In preferred embodiments, the electrode structures of each of the

two or more electrode arrays of a device have substantially the same surface area.

[0095] Each of the two electrode structures of an electrode array is connected to a
separate connection pad that is preferably located at the edge of the substrate.
Specifically, for each of the two or more electrode arrays of the device, preferably the
first of the two electrode structures is connected to one of the two or more connection
pads, and the second of the two electrode structures is connected to another of the two or
more connection pads. Preferably, each array of a device is individually addressed,
meaning that the electrical traces and connection pads of the arrays are configured such
that an array can be connected to an impedance analyzer in such a way that a measuring
voltage can be applied across a single array at a given time by using switches (such as

electronic switches).
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[0096] Preferably, each electrode array of the device has an approximately
uniform electrode resistance distribution across the entire array. By "uniform resistance
distribution across the array" is meant that when a measurement voltage is applied across
the electrode structures of the array, the electrode resistance at any given location of the
array is approximately equal to the electrode resistance at any other location on the array.
Preferably, the electrode resistance at a first location on an array of the device and the
electrode resistance at a second location on the same array does not differ by more than
30%. More preferably, the electrode resistance at a first location on an array of the device
and the electrode resistance at a second location on the same array does not differ by
more than 15%. Even more preferably, the electrode resistance at a first location on an
array of the device and a second location on the same array does not differ by more than
5%. More preferably yet, the electrode resistance at a first location on an array of the

device and a second location on the same array does not differ by more than 2%.

[0097] Preferred arrangements for electrode elements and gaps between the
electrodes and electrode buses in a given electrode array are used to allow all cells, no
matter where they land and attach to the electrode surfaces and to contribute similarly to
the total impedance change measured for the electrode array. Thus, it is desirable to have
similar electric field strengths at any two locations within any given array of the device
when a measurement voltage is applied to the electrode array. At any given location of
the array, the field strength is related to the potential difference between the nearest point
on a first electrode structure of the array and the nearest point on a second electrode
structure of the array. It is therefore desirable to have similar electric potential drops
across the electrode elements and across the electrode buses of a given array. Based on
this requirement, it is preferred to have an approximately uniform electrode resistance
distribution across the whole array where the electrode resistance at a location of interest
is equal to the sum of the electrode resistance between the nearest point on a first
electrode structure (that is the point on the first electrode structure nearest the location of
interest) and a first connection pad connected to the first electrode structure and the
electrode resistance between the nearest point on a second electrode structure (that is the
point on the first electrode structure nearest the location of interest) and a second

connection pad connected to the second electrode structure.
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[0098] Preferably, devices of the present invention are designed such that the
arrays of the device have an approximately uniform distribution across the whole array.
This can be achieved, for example, by having electrode structures and electrode buses of
particular spacing and dimensions (lengths, widths, thicknesses and geometrical shapes)
such that the resistance at any single location on the array is approximately equal to the
resistance at any single other location on the array. In most embodiments, the electrode
elements (or electrode structures) of a given array will have even spacing and be of
similar thicknesses and widths, the electrode buses of a given array will be of similar
thicknesses and widths, and the electrode traces leading from a given array to a
connection pad will be of closely similar thicknesses and widths. Thus, in these preferred
embodiments, an array is designed such that the lengths and geometrical shapes of
electrode elements or structures, the lengths and geometrical shapes of electrode traces,
and the lengths and geometrical shapes of buses allow for approximately uniform

electrode resistance distribution across the array.

[0099] In some preferred embodiments of impedance measurement devices,
electrode structures comprise multiple electrode elements, and each electrode element
connects directly to an electrode bus. Electrode elements of a first electrode structure
connect to a first electrode bus, and electrode elements of a second electrode structure
connect to a second electrode bus. In these embodiments, each of the two electrode buses
connects to a separate connection pad via an electrical trace. Although the resistances of
the traces contribute to the resistance at a location on the array, for any two locations on
the array the trace connections from the first bus to a first connection pad and from the
second bus to a second connection pad are identical. Thus, in these preferred
embodiments trace resistances do not need to be taken into account in designing the

geometry of the array to provide for uniform resistances across the array.

[00100] In preferred embodiments of the present invention, a device for
monitoring cell-substrate impedance has two or more electrode arrays that share a
connection pad. Preferably one of the electrode structures of at least one of the electrode
arrays of the device is connected to a connection pad that also connects to an electrode
structure of at least one other of the electrode arrays of the device. Preferably for at least

two arrays of the device, each of the two or more arrays has a first electrode structure

32 20191134-16
Axion Exhibit 1002

Axion v. Agilent

Page 32



connected to a connection pad that connects with an electrode structure of at least one
other electrode array, and each of the two or more arrays has a second electrode structure
that connects to a connection pad that does not connect with any other electrode
structures or arrays of the device. Thus, in preferred designs of a device there are at least
two electrode arrays each of which has a first electrode structure that is connected to a
common connection pad and a second electrode structure that is connected to an

independent connection pad.

[00101] In some preferred embodiments of the present invention, each of
the electrode structures of an array is connected to an electrode bus that is connected to
one of the two or more connection pads of the device via an electrically conductive trace.
In preferred embodiments, each of the two electrode structures is connected to a single
bus, such that each array connects to two buses, one for each electrode structure. In this
arrangement, each of the two buses connects to a separate connection pad of the

substrate.

[00102] The electrically conductive traces that connect a bus with a
connection can be fabricated of any electrically conductive material. The traces can be
localized to the surface of the substrate and can be optionally covered with an insulating
layer. Alternatively the traces can be disposed in a second plane of the substrate.
Description of arrangements and design of electrically conductive traces on impedance
measurement devices can be found in U.S. Patent No. 7,470,533, herein incorporated by
reference for all disclosure on fabrication and design of electrically conductive trace on

substrates.

[00103] Appropriate electronic connection means such as metal clips
engaged onto the connection pads on the substrate and connected printed-circuit-boards
can be used for leading the electronic connections from the connection pads on the
devices to external electronic circuitry (e.g. an impedance analyzer). Description of the
design of cell-substrate impedance devices and their manufacture can be found in U.S.
Patent 7,470,533, herein incorporated by reference for all description and disclosure of

the design, features, and manufacture of impedance device comprising electrode arrays.
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[00104] Descriptions of electrode arrays used for impedance measurement
that apply to the devices of the present invention are described in U.S. Patent No.
7,470,533, herein incorporated by reference for all disclosure relating to electrode arrays
(or structural units), electrode structures, electrode materials, electrode dimensions, and

methods of manufacturing electrodes on substrates.

[00105] Preferred electrode arrays for devices of the present invention
include arrays comprising two electrode structures, such as, for example, spiral electrode
arrays and interdigitated arrays. In some preferred devices of the present invention,
electrode arrays are fabricated on a substrate, in which the arrays comprises two electrode
structures, each of which comprises multiple circle-on-line electrode elements, in which
the electrode elements of one structure alternate with the electrode elements of the
opposite electrode structure. Electrode arrays may be provided in configurations, such as

interdigitated, circle-on-line, diamond-on-line, concentric, sinusoidal and castellated.

[00106] Preferably, the electrode elements (or electrode structures) of an
array of the present device of the present invention are of approximately equal widths.
Preferably the electrode elements (or electrode structures) of an array of the present
device of the present invention are greater than 20 microns and less than 500 microns in

width, more preferably from about 50 to about 300 microns in width.

[00107] Preferably, the electrode elements (or electrode structures) of an
array of the present device of the present invention are approximately evenly spaced.
Preferably, the gap between electrode elements (or electrode structures) of an array of the
present device of the present invention is less than 100 microns and more than 5 microns

in width, more preferably from about 10 to about 80 microns in width.

[00108] A device of the present invention can include one or more fluid-
impermeable receptacles which serve as fluid containers or wells. Such receptacles may
be reversibly or irreversibly attached to or formed within the substrate or portions thereof
(such as, for example, wells formed as in a microtiter plate). In another example, the
device of the present invention includes microelectrode strips reversibly or irreversibly
attached to plastic housings that have openings that correspond to electrode structure

units located on the microelectrode strips. Suitable fluid container materials comprise
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plastic, glass, or plastic-coated materials such as a ceramic, glass, metal, etc. Descriptions
and disclosure of devices that comprise fluid containers can be found in U.S. Patent
Application No. 7,470,533, herein incorporated by reference for all disclosure of fluid
containers and fluid container structures that can engage a substrate comprising
electrodes for impedance measurements, including their dimensions, design, composition,

and methods of manufacture.

[00109] In preferred embodiments, each electrode array on the substrate of
a device of the present invention is associated with a fluid-impermeable container or
receptacle, such as, for example, a well. Preferably, the device of the present invention is
assembled to a bottomless, multiwell plastic plate or strip with a fluid tight seal. The
device is assembled such that a single array of the substrate is at the bottom of a
receptacle or well. Preferably, each array of a device is associated with a well of a
multiwell plate. In some preferred embodiments, a multiwell device for cell-substrate
impedance measurement has "non-array" wells that are attached to the substrate but not
associated with arrays. Such wells can optionally be used for performing non-impedance

based assays, or for viewing cells microscopically.

[00110] The design and assembly of multiwell impedance measurement
devices is described in U.S. Patent No. 7,470,533, and also in U.S. Patent No. 7,192,752,
both herein incorporated by reference for disclosure of multiwell impedance
measurement devices, including their design, composition, and manufacture. A device of
the present invention preferably has between 2 and 1,536 wells and more preferably
between 4 and 384 wells. In some embodiments the device includes 6 wells, 16 wells, 32

wells, 96 wells or 386 wells.

[00111] In some preferred embodiments, commercial tissue culture plates
can be adapted to fit a device of the present invention. Bottomless plates may also be
custom-made to preferred dimensions. Preferably, well diameters are from about 1
millimeter to about 20 millimeters, more preferably from about 2 millimeters to about 8
millimeters at the bottom of the well (the end disposed on the substrate). The wells can

have a uniform diameter or can taper toward the bottom so that the diameter of the
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container at the end in contact with the substrate is smaller than the diameter of the

opposing end.

[00112] In the system for monitoring impedance of excitable cells the
impedance analyzer engages connection pads of one or more multi-well devices to
measure impedance. In one embodiment of the above system, the impedance analyzer is
capable of measuring impedance between 0.1 ohm and 10° ohm in frequency range of
1Hz to 1 MHz. The impedance analyzer is preferably capable of measuring both
resistance and reactance (capacitive reactance and inductive reactance) components of the
impedance. In a preferred embodiment of the above system, the impedance analyzer is
capable of measuring impedance between 1 ohm and 10* ohm in frequency range of 1.00

Hz to 300 kHz.

[00113] In preferred embodiments the impedance analyzer is capable of
impedance measurements at millisecond time resolution. The required or desired time
resolution may vary depending on the excitation cycle of the excitable cell. Excitable
cells having shorter excitation cycles would tend to require faster time resolution. In
some embodiments 500 millisecond time resolution is sufficient, such that at least two
consecutive impedance measurements are between about 300 milliseconds and about 500
milliseconds apart. In preferred embodiments, impedance measurement at millisecond
time resolution includes at least two consecutive impedance measurements less than 100
milliseconds apart. In some instances the at least two consecutive impedance
measurements are less than 50 milliseconds or less than 40 milliseconds apart. In some
instances the at least two consecutive impedance measurements are less than 20
milliseconds apart. In some instances at least two consecutive impedance measurements
are less than 10 milliseconds apart. In some instances millisecond time resolution
includes two consecutive impedance measurements between 1 millisecond and 5
milliseconds, between 5 milliseconds and 10 milliseconds, between 10 milliseconds and
20 milliseconds, between 20 milliseconds and 40 milliseconds, or between 40
milliseconds and 50 milliseconds apart. In some instances millisecond time resolution
includes at least two consecutive impedance measurements between 50 milliseconds and

100 milliseconds apart. In some instances millisecond time resolution includes at least
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two consecutive impedance measurements between 100 milliseconds and 150

milliseconds or between 150 and 300 milliseconds apart.

[00114] Millisecond time resolution of impedance-based devices provides a
significant technical step over traditional impedance measuring devices, which are
typically limited to second or minute resolution. That is, substantial reconfiguration of a
traditional impedance-based system is required to obtain millisecond time resolution.
Advances in multiple steps are required to achieve millisecond time resolution, including
the impedance measurement circuitry together with electronic switching circuitry.
Technological advances are further required when performing millisecond time
resolution over multiple wells, such as 4 wells, 8 wells, 16 wells or 96 wells. For
example, if the system comprises a device having 96 wells, the system hardware and
software should be capable of, for a given time period, measuring the impedances of all
96 wells with millisecond time resolution between two adjacent or consecutive
impedance measurement points for each and every well. Thus, comparing two
impedance analyzers, one for impedance measurement of 96 wells with millisecond
resolution and another for impedance measurement of a single well with millisecond time
resolution, the one for 96 well measurement is effectively 96-times faster than one for a
single well measurement since it is required to have a capability for performing
impedance measurement for all 96 wells with millisecond time resolution. Similarly, if a
96 well device is provided, a group of wells, such as a group of 2, 4, 6, 12, 24 or 48 wells,
may be measured in millisecond time resolution. Preferably, the time difference between
two adjacent measurement points for each and every given well is less than 500
milliseconds. More preferably, the time difference between two adjacent measurement
points for each and every given well is less than 300 milliseconds. Still more preferably,
the time difference between two adjacent measurement points for each and every given
well is less than 100 milliseconds. Still more preferably, the time difference between
two adjacent measurement points for each and every given well is less than 40
milliseconds. Still more preferably, the time difference between two adjacent
measurement points for each and every given well is less than 20 milliseconds. Still
more preferably, the time difference between two adjacent measurement points for each

and every given well is less than 10 milliseconds.
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[00115] A number of improvements in the impedance measurement
circuitry, electronic switching circuitry, communication between impedance
measurement circuitry and software can be used to achieve such millisecond time
resolution. For instance, improvement likely requires the use of fast processing
electronic chips for analogue-to-digital conversion, for parallel digital signal processing
and data calculation with field-programmable gate array (FPGA) and for fast
communication between the impedance measurement circuitry and software. Another
example of improvements includes the use of multiple analogue-to-digital (AD)
conversion channels so that analog electronic signals from multiple channels can be
converted to digital signals simultaneously. Such parallel AD conversion is important,
particular for the system having multiple wells, each of which’s measurement time
resolution is required to be in the millisecond resolution. And, a very important is to
replace previous working mode of “measurement of one-well’s impedance at a time”
with a mode of “measurement of multiple-wells’ impedances at a time”. In “one-well at
a time” mode, when the software issue a command for measuring one well’s impedance,
the measurement circuitry would perform the measurement for one well including signal
generation to the well, converting the voltage signal and the electric current signal for the
well to digital signal, digitally processing the signals to do impedance calculation and
sending the well’s impedance data to the computer over the communication line between
the impedance measurement circuitry and the computer. The system will not perform
any measurement for another well until the completion of the measurement of this well
and until receiving another command for the measurement of another well. In “multiple-
wells at a time” mode, the software would issue a command for measuring multiple
wells” impedances. The measurement circuitry would simultaneously or nearly
simultaneously perform signal conversion, signal processing and impedance calculation
for multiple wells. The multiple impedance data for the multiple wells would be sent
over the communication lines to the computer sequentially with one well’s data at the
same time or simultaneously with more than one well’s data being sent at a time. In this
“measurement of multiple-wells’ impedances at a time” mode, the system may be

performing multiple tasks simultaneously, for example, while one well’s impedance data
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is being measured and calculated, another well’s impedance data may be communicated

and sent over the communication lines to the computer.

[00116] With millisecond time resolution for impedance measurement, it
becomes possible to resolve individual beating cycles of cardiomyocytes cultured on
electrodes. Whilst theoretically one needs at least two data points for each beating cycle,
in practice more than 2 data points are needed for each beating cycle. For example, if
cells have a beating rate of 60 beats per minute, i.,e, one beat per second. It would be
preferred to have a time resolution of at least 200 milliseconds so that each beating cycle
consists of 5 data points. More preferably, the measurement time resolution is 100

milliseconds. Still more preferably, the time resolution is 50 millisconds or less.

[00117] One skilled in the art will understand that the cell-substrate
impedance measurement or monitoring system with millisecond time resolution can be
used to efficiently and simultaneously perform multiple assays by using circuitry of the
device station to digitally switch from recording from measuring impedance over an array
in one well to measuring impedance over an array in another well. Similarly, groups of
wells may be monitored simultaneously and switching between occur between designated
groups. In one embodiment of the above system, the system under software control is
capable of completing an impedance measurement for an individual well at a single
frequency within milliseconds, such as less than 100 milliseconds, less than 40
milliseconds, less than 20 milliseconds, less than 10 milliseconds or between 1
millisecond and 40 milliseconds. In some embodiments the user may choose the

frequency of measurement for millisecond time resolution.

[00118] A multiple-well cell-substrate impedance measuring device in a
system of the present invention can be any multiple-well cell-substrate impedance
measuring device in which at least two of the multiple wells comprise an electrode array
at the bottom of the well, and in which at least two of the multiple wells comprise an
electrode array are individually addressed. In one embodiment of the above system, the
multi-well device takes the form of a specialized microtiter plate which has

microelectronic sensor arrays integrated into the bottom of the wells.
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[00119] A device used in a system of the present invention, when
connected to an impedance analyzer, can measure differences in impedance values that
relate to cell behavior. For example, a cell-substrate impedance measuring device used in
a system of the present invention can measure differences in impedance values when
cells are attached to the electrode array and when cells are not attached to the electrode
array, or can detect differences in impedance values when the number, type, activity,
adhesiveness, or morphology of cells attached to the electrode-comprising surface of the
apparatus changes. Further, by using millisecond time resolution differences in
impedance may be detected or monitored that relate to excitation-contraction coupling,
including the beating of cardiomyocytes or stem cells differentiating into
cardiomyocytes, and the signaling between neurological cells. Impedance monitoring of
the excitation cycle of excitable cells may be determined and monitored before, during or
after adding a test compound, which is suspected of affecting the excitation cycle. Thus,
by monitoring the excitation cycle of the excitable cell before, during or after adding a
test compound the system provides data corresponding to the potential affect of the
compound on the cardiovascular system, the heart, the nervous system, and the like. In
some embodiments monitoring the excitation cycle of the cell before, during or after

adding a compound provides cardiotoxicity data useful in drug screening.

[00120] In some embodiments a device station or electromechanical
apparatus or assembly capable of interfacing multiwell devices can include one or more
platforms or one or more slots for positioning one or more multiwell devices. The one or
more platforms or one or more slots can comprise sockets, pins or other devices for
electrically connecting the device to the device station. The device station or
electromechanical apparatus or assembly capable of interfacing multiwell devices
preferably can be positioned in a tissue culture incubator during cell impedance
measurement assays. It can be electrically connected to an impedance analyzer and

computer that are preferably located outside the tissue culture incubator.

[00121] The device station or electromechanical apparatus or assembly
capable of interfacing multiwell devices includes electronic circuitry that can connect to
the impedance monitoring device and an impedance analyzer and electronic switches that

can switch on and off connections to each of the two or more electrode arrays of the
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multiwell devices used in the system. The switches of the device station or
electromechanical apparatus or assembly capable of interfacing multiwell devices are
controlled by a software program, each of which has been improved to provide
millisecond time resolution. The software program directs the device station to connect
arrays of the device to an impedance analyzer and monitor impedance from one or more
of the electrode arrays. During impedance monitoring, the impedance analyzer can
monitor impedance at one frequency or at more than one frequency. Preferably,
impedance monitoring is performed at more than one time point for a given assay, and
preferably, impedance is monitored using at least two time points. The device station can
connect individual arrays of a device to an impedance analyzer to monitor one, some, or
all of the arrays of a device for a measurement time point. In some preferred
embodiments of the present invention, the device station software is programmable to
direct impedance monitoring of any of the wells of the device that comprise arrays at

chosen time intervals.

[00122] The software of the impedance monitoring system can also store
and display data. Data can be displayed on a screen, as printed data, or both. Preferably
the software can allow entry and display of experimental parameters, such as descriptive
information including cells types, compound concentrations, time intervals monitored,

etc.

[00123] Preferably, the software can also analyze impedance data. In
preferred embodiments, the software can calculate a cell index (CI) for one or more time
points for one or more wells of the multiwell device. In some preferred embodiments, the
software can calculate a cell change index (CCI) from impedance measurements of one
or more wells of the multiwell device. The software can preferably generate plots of
impedance data and impedance values, such as but not limited to CI or CCI, with respect
to time. The software may perform other analysis as well, such as calculate cell number
from CI, generate dose-response curves based on impedance data, calculate IC values
based on impedance values, and calculate kinetic parameters of the excitation cycle cell
based on impedance values and impedance value curves. In some embodiments the
beating cycle of a cardiomyocyte population is determined, which may include initiation

and decay of individual beats. Peaks may be derived from the detection of vectors
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associated with initiation of beating or beating decay. Peaks may be derived with other
methods. In further embodiments the change in beating cycle of a cardiomyocyte
population is determined in response to a stimulus such as a pharmacological agent. The
software of the impedance monitoring system can also store and display analyses of the
data, such as calculated impedance values and kinetic parameters derived therefrom, Data
can be displayed on a screen, as printed data, or both. Data may be stored on a hard drive

for exportation into compatible programs for further analysis or data storage

[00124] Further information regarding how to calculate a cell index, cell
change index, normalized cell index, and delta cell index may be found in US patent
application no. 11/235,938, and U.S. Patent No. 7,470,533, the contents of which are
herein incorporated by reference with respect to the cell index, cell index number, cell

change index, and cell change index number. However each is briefly summarized.

[00125] The cell index obtained for a given well reflects: 1) how many
cells are attached to the electrode surfaces in this well, 2) how well cells are attached to
the electrode surfaces in the well. In this case, a zero or near-zero “cell index or cell
number index” indicates that no cells or very small number of cells are present on or
attached to the electrode surfaces. In other words, if no cells are present on the
electrodes, or if the cells are not well-attached onto the electrodes cell index =0. A higher
value of “cell number index” indicates that, for same type of the cells and cells under
similar physiological conditions, more cells are attached to the electrode surfaces. Thus
Cell Index is a quantitative measure of cell number present in a well. A higher value of
“cell index” may also indicate that, for same type of the cells and same number of the
cells, cells are attached better (for example, cells spread out more, or cell adhesion to the

electrode surfaces is stronger) on the electrode surfaces.

[00126] A “Normalized Cell Index” at a given time point is calculated by
dividing the Cell Index at the time point by the Cell Index at a reference time point.
Thus, the Normalized Cell Index is 1 at the reference time point. Normalized cell index is
cell index normalized against cell index at a particular time point. In most cases in the
present applications, normalized cell index is derived as normalized relative to the time

point immediately before a compound addition or treatment. Thus, normalized cell index
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at such time point (immediately before compound addition) is always unit one for all
wells. One possible benefit for using such normalized cell index is to remove the effect
from difference in cell number in different wells. A well having more cells may produce
a larger impedance response following compound treatment. Using normalized cell

index, it helps to remove such variations caused by different cell numbers.

[00127] A “delta cell index” at a given time point is calculated by
subtracting the cell index at a standard time point from the cell index at the given time
point. Thus, the delta cell index is the absolute change in the cell index from an initial

time (the standard time point) to the measurement time.

[00128] The time-dependent cellular response (including cardiotoxicity
response) may be analyzed by deriving parameters that directly reflect the changes in cell
status. For example, time dependent cellular response may be analyzed by calculating
the slope of change in the measured impedance responses (that is equivalent to the first
order derivative of the impedance response with respect to time, impedance response
here can be measured impedance data or derived values such as cell index, normalized
cell index or delta cell index). In another example, the time-dependent cellular responses
(including cardiotoxic resposnes) may be analyzed for their higher order derivatives with
respect to time. Such high order derivatives may provide additional information as for
how cells responding to different compounds and as for the mechanisms of compound

action.

[00129] Thus CClI is the normalized rate of change in cell index. CCI
values can be used to quantify the cell status change. For cells in an exponential growth
under regular cell culture condition, the cell index determined by a cell-substrate
impedance monitoring system described herein is expected to be a proportionate measure
of the cell number in the well since the cell morphology and average extent of cell
adhesion to the electrode surfaces among the whole cell population do not exhibit

significant changes over time.

[00130] After measuring and recording time dependent impedance data for
excitable cells cultured on electrodes, various methods can be used for determining

beating cycle peaks. For example, time dependent impedance values or cell index values
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for a well are analyzed by deriving their first order derivatives and second order
derivatives using numerical methods. The beating cycle peaks are those data points
where the first order derivatives of impedance values or cell index values are zero or
close to zero in its absolute value. If the beating cycle peak is a positive peak (i.e. peak
corresponds to a maximum value in measured impedance or cell index over the beating
cycle), then the peak would correspond to the data points where the second order
derivatives of the impedance values or cell index values is negative and where the first
order derivatives of the impedance values or cell index values is zero or close to zero in
its absolute value.  If the beating cycle peak is a negative peak (i.e. peak corresponds to
a minimum value in measured impedance or cell index over the beating cycle), then the
peak would correspond to the data points where the second order derivatives of the
impedance values or cell index values is positive and where the first order derivatives of
the impedance values or cell index values is zero or close to zero in its absolute value. In
another example, the method of determining a beating cycle peak is to search for the data
point where the trend of the data changes direction from “increasing” to “decreasing”
with time (for a positive peak), or from “decreasing” to “increasing” (for a negative
peak).  After the identification of the beating cycle peaks, the impedance or cell index
values at such peak time points are the magnitude or amplitude of the beating cycle

peaks.

[00131] After determining the beating cycle peaks, various methods can be
used to calculate the beating rate. The beating rate can be determined by dividing a unit
time (e.g., 1 minute) by the time period between two adjacent peaks. For example, if two
adjacent peaks are separated by 500 milliseconds, then the beating rate for this 500
milliseconds can be determined as 120 beats per minute. Another method is simply to
count how many peaks in a unit time by software. For example, if there are 2 peaks in
one second interval, then the beating rate should be 2 beats per second, or 120 beats per

minute.

D. Assessing or Quantifying Excitable Cells, Excitation Contraction-

Coupling and Cardiomyocytes In Vitro
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[00132] In another aspect of the present invention a method for assessing or
quantifying excitable cells in vitro is provided. The methods including detecting or
monitoring excitable cells using impedance monitoring with millisecond time resolution.
In preferred embodiments, the method includes providing the impedance based system
having millisecond time resolution system, adding excitable cells to one or more wells of
the device, monitoring impedance of the one or more wells with millisecond time
resolution, and resolving individual cycles of the excitable cells. In some embodiments
monitoring impedance further includes determining cell indices from impedance values,
calculating average rate of excitation events per unit time (such as beats per unit time
when using cardiomyocytes), determining amplitude intensity or average amplitude
intensity in a unit time, and/or determining the length of time between excitation cycles
(or beating cycles). These additional determinations may be compared to further assess

excitable cells.

[00133] The methods have particular utility with cells that are known or
suspected to be capable of or undergo excitation-contraction coupling, such as
cardiomyocytes. Thus the methods may monitor, detect or determine excitation
contraction-coupling of excitable cells. Further, even minor variations in excitation-

contraction coupling may be detected.

[00134] Preferably impedance measurements are performed with
millisecond time resolution. In some embodiments, two consecutive impedance
measurements are performed at less than 300 milliseconds apart. In further
embodiments, at least two consecutive impedance measurements are performed less than
100 seconds apart. In further embodiments, at least two consecutive impedance
measurements are performed less than 40 milliseconds apart. In further embodiments, at
least two consecutive impedance measurements are performed less than 10 milliseconds
apart. In som embodiments at least two impedance measurements are between 1

millisecond and 50 milliseconds apart.

[00135] Cardiomyocytes are a subset of cells that are involved in

excitation-contraction coupling. Embodiments of the present invention include
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applications for studying cardiomyocyte activity, function and its modulation. By
monitoring the continuous rhythmic beating of cardiomyocytes, methods of the present
invention allow the study of cardiomyocytes themselves as well as screening for
pharmacological agents which may alter cardiomyocyte rhythmic beating. Thus the
methods permit screening of compounds or conditions that affect cardiomyocyte function
or induce cardiotoxicity. Specifically, methods may assess or quantify cardiomyocyte
beating in vitro using impedance-based technology having millisecond time resolution.
In preferred embodiments, the methods are based on quantification in real time of the
rhythmic changes in cardiomyocyte morphology as a result of the excitation contraction
coupling of the electrically excitable cardiomyocytes growing on microelectrodes’
surface in E-PLATES (ACEA Biosciences, Inc. San Diego, CA). Thus quantification of
the rhythmic changes in cardiomyocyte morphology is achieved via the measurement of
electrode impedance, which may be performed with millisecond time resolution. In
summary, some methods provide a cellular cardio-gram, which can provide incisive
information about the status of cardiomyocytes especially upon treatment with

pharmacological agents.

[00136] Cardiomyocytes used in the present invention may be any known
or experimental cardiomyocyte population. Human cardiomyocytes will be particularly
desirable when studying the effect of pharmacological agents for human use; however,
cardiomyocytes may also be murine or mouse, rat, rabbit, dog, and the like. Further, the
cardiomyocytes may be primary cardiomyocytes isolated from cardiac tissue or may be
cultured cardiomyocytes, which are cultured over time. In some embodiments, ES cells
destined to differentiate into cardiomyocytes are used. Isolated primary cardiomyocytes
as well as ES-derived cardiomyocytes retain the ability to beat in culture. Thus, these

cells provide a desirable model system to study cardiomyocyte function in vitro.

[00137] Cardiomyocytes have an innate ability to undergo
mechanotransduction. In other words, the spontaneous force generated from the beating
cardiomyocyte is translated to intracellular biochemical signals. Membrane receptors
such as integrins, ion channels and other proteins have been shown to play a crucial role
in cardiac mechanotransduction and lead to a continuous and rhythmic dynamics of the

cardiac actin cytoskeleton and morphology. Because the impedance-based system can
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sensitively and precisely detect transient changes in morphology and adhesive capacity of
the cells, it can be used to monitor cardiac function in vitro. Further, the development of
millisecond time resolution permits impedance monitoring of the cardiomyocyte beating

cycle as well as fluctuations, even minor alterations, in response to external stimuli.

[00138] Exemplary steps involved in using an impedance-measurement
system for measurement of cardiomyocyte function include: providing a system for
monitoring impedance of excitable cells, in vitro, which is capable of millisecond time
resolution, optionally coating wells of the device with either fibronectin or other matrix
proteins; seeding either embryonic stem cells (ES cells) of mammalian origin or primary
cardiomyocytes at sufficient seeding densities into the wells of the device; allowing the
cells to attach and spread; after a period of time unique to ES-derived cardiomyocytes or
primary cardiomyocytes, monitoring cardiomyocyte beating using the impedance-
monitoring system to monitor electrode impedance by using millisecond kinetic readout

to resolve the individual beat cycles of the cells.

[00139] The millisecond kinetic readout requires the impedance
measurement system be capable of obtaining impedance measurement data at millisecond
time resolution. Preferably, the time difference between two consecutive impedance
measurements for a well is within the range of milliseconds (e.g., less than 300
millisecond, less than 100 milliseconds, less than 50 milliseconds, less than 20
milliseconds, less than 10 milliseconds, or less than or about 1 millisecond). Due to the
fast nature of beating cycles of cells, millisecond kinetic readout is required for proper
resolution. Thus, the time resolution for the impedance measurement should allow the
system to perform measurement using at least two time points for each beat cycle, or at
more than two points for each beating cycle. In some embodiments, three, four, five or

even ten, or fifteen or twenty or more time points within each beating cycle are obtained.

[00140] Embodiments of the present invention include methods of
assessing or quantifying cardiomyocytes include providing the system for monitoring
impedance of excitable cells in vitro, which includes millisecond time resolution, adding
cardiomyocytes to one or more wells, monitoring impedance of the one or more wells,

such as using millisecond time resolution, and resolving excitation cycle or beating cycle
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of the cardiomyocytes In further embodiments, the method also includes determining
cell indices from impedance values, optionally calculating average rate of beats per unit
time, average amplitude intensity in a unit time as well as the average length of time
between the beats. In preferred embodiments, millisecond time resolution permits
measurement of at least two consecutive impedance measurements within a beating
cycle. In some embodiments at least three consecutive impedance measurements are

performed with millisecond time resolution.

[00141] Isolated primary cardiomyocytes as well as ES-derived
cardiomyocytes retain the ability to beat in culture. These cells provide an excellent
model system to study cardiomyocyte function in vitro, especially with regards to
cardiotoxicity. A number of cardiotoxic drugs are known to affect certain heart channels,
such as the ERG channels, that are involved in excitation-contraction coupling of
cardiomyocytes. Cardiomyocytes have an innate ability to undergo mechanotransduction,
that is that the spontaneous force generation of the beating cardiomyocyte is translated to
intracellular biochemical signals. Membrane receptors such as integrins, ion channels and
other proteins have been shown to play a crucial role in cardiac mechanotransduction and
lead to a continuous and rhythmic dynamics of the cardiac actin cytoskeleton and
morphology. Because the impedance-based system can sensitively and precisely detect
transient changes in morphology and adhesive capacity of the cells, the it can be used to

monitor cardiomyocyte beating in vitro.

[00142] Another exemplary method for impedance based measurement of
cardiomyocyte beating includes: providing a single-well or multi-well device that
comprise microelectrode arrays in well(s) of the device, which can be used for
monitoring cell-substrate impedance; optionally coating wells of the device with either
fibronectin or other matrix proteins; seeding either embryonic stem cells (ES cells) of
mammalian origin or primary cardiomyocytes at specific seeding densities to the wells of
the device; allowing the cells to attach and spread; after a specified period of time unique
to ES-derived cardiomyocytes or primary cardiomyocytes, monitoring cardiomyocyte
beating using the impedance-monitoring system to monitor electrode impedance by using

millisecond kinetic readout to resolve the individual beat cycles of the cells.
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[00143] In another exemplary embodiment for measurement of
cardiomyocyte function the method includes: optionally coating E-PLATES with either
fibronectin or other matrix proteins; seeding either ES cells of mammalian origin or
primary cardiomyocytes at specific seeding densities; allowing the cells to attach and
spread; after a specified period of time unique to ES-derived cardiomyocytes or primary
cardiomyocytes, monitoring cardiomyocyte beating using an impedance-based system by

using millisecond kinetic readout to resolve the individual beat cycles of the cells.

[00144] Dynamic monitoring of cardiomyocyte beating is based on
quantification in real time of the rhythmic changes in cardiomyocyte morphology as a
result of the excitation contraction coupling of the electrically excitable cardiomyocytes
growing on microelectrodes’ surface of E-PLATES. The quantification of the rhythmic
changes in cardiomyocyte morphology is achieved via the fast, millisecond resolution
and continuous measurement of electrode impedance. The method essentially provides a
cellular cardio-gram which can provide incisive information about the status of
cardiomyocytes especially upon treatment with pharmacological agents. An exemplary
method includes providing a device for measuring cell-substrate impedance operably
connected to an impedance analyzer, wherein the device includes at least one well
optionally coated with fibronectin to expedite attachment; adding cells to the at least one
well, where the cells can be mouse or human or other mammalian ES cells or adult stem
cells destined to differentiate into cardiomyocytes or primary cardiomyocytes isolated
directly from the heart of an experimental system including mice, rats, rabbits or dog;
monitoring impedance of the at least one well at time intervals over a period of time and
optionally determining cell indices from impedance values; optionally calculating
average rate of beats per unit time, average amplitude intensity in a unit time as well as

the average length of time between the beats.

[00145] Certain cardiotoxic drugs can illicit their effect by affecting the
morphological aspects of cardiomyocyte morphology. For example, it is well known that
compounds such as -2 adrenergic receptor agonists can induce morphological changes
resulting in an elongated cardiomyocyte morphology, otherwise known as hypertrophy.
Morphological changes can occur immediately in the order of minutes as with certain

GPCR agonists or can be of longer duration detectable over several days. The time
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resolution of the impedance-based system can be used to distinguish between different
kinds of morphological effects. The steps involved in using an impedance-monitoring
system for measurement of morphological modulation of cardiomyocytes may include:
optionally coating E-PLATES with either fibronectin or other matrix proteins; seeding
either embryonic stem cells (ES cells) of mammalian origin, mammalian adult stem cell-
derived cardiomyocytes or primary cardiomyocytes isolated directly from mammalian
heart tissue at specific seeding densities to the wells of the device; allowing the cells to
attach and spread; monitoring cardiomyocyte viability over time using the impedance-
monitoring system at prespecified intervals of time for 12, 24, 48, 72 hours or longer; at
certain times after cell seeding, treat the cell with agents that may cause morphology
changes at one or more concentration; using the vehicle that the agent is dissolved in as a
control; continuing to monitoring the cardiomyocytes at 1 minute intervals for at least 1-2
hours to capture any immediate morphological changes and continue to monitor at 30
minutes intervals of time for additional 12, 24, 48, 72 hours or longer to detect long term
morphological changes; and quantifying the extent of morphological change by
normalizing the cell index values immediately prior to agent addition and determine the
normalized cell index at a given time point after agent addition. The extent of
morphological change can be expressed as EC-50 value which quantifies the activity of

the agent with respect to the cardiomyocyte shape changes.

[00146] Once regular cardiomyocyte beating can be effectively monitored
compounds may be added to the wells to assess whether or not beating frequency is
altered, beating amplitude is altered and the like. Thus, compounds that adversely affect
the normal cardiomyocyte beating are suspected of being cardiotoxic. However,
cardioprotective agents can also be assessed by adding an agent suspected of being

cardioprotective to the well and inducing a cardiotoxic response.

[00147] Accordingly, methods of identifying or screening for potential
agents that modulate ES- derived cardiomyocyte beating or primary cardiomyocyte
beating by monitoring and measuring the excitation-contraction coupling of
cardiomyocytes upon treatment with pharmacological agents are also provided. The
methods may include providing the system for monitoring impedance at millisecond

resolution of excitable cells in vitro, adding ES cells or primary cardiomyocytes to two or
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more wells, adding a test agent suspected of modulating ES-derived or primary
cardiomyocyte beating to a first well to provide a test well and either no agent or a
control agent to a second well to form a control well, monitoring impedance of the two or
more wells at different or similar time intervals using millisecond time resolution at least
in part, and optionally determining cell indices from impedance values, generating an
impedance-based curve or optionally a cell index curve for each of the test well and
control well, and comparing the impedance-based curves or optionally the cell index
curves between the test well and the control well. If significantly different, the test agent
is concluded to modulate cardiomyocyte function. In preferred embodiments, the
impedance-based curves may be direct measurement of cardiomyocyte excitation-
contraction coupling; however, the methods may also include long term monitoring of the
viability and or morphology of the cardiomyocytes. The methods may show whether the
test agent increases cardiomyocyte beating, which is indicative of increased heart rate, or

whether the cardiomyocyte beating is slowed, which is indicative of lowered heart rate.

[00148] In another exemplary embodiment a method for screening for
modulators of cardiomyocyte beating using an impedance-measurement system in vitro
may include: providing a single-well or multi-well device that comprise microelectrode
arrays in well(s) of the device, which can be used for monitoring cell-substrate
impedance; optionally coating wells of the device with either fibronectin or other matrix
proteins; seeding either embryonic stem cells (ES cells) of mammalian origin,
mammalian adult stem cell-derived cardiomyocytes or primary cardiomyocytes at
specific seeding densities to the wells of the device; allowing the cells to attach and
spread; after a specified period of time unique to ES-derived cardiomyocytes or primary
cardiomyocytes, monitoring cardiomyocyte beating using the impedance-monitoring
system to monitor electrode impedance by using millisecond kinetic readout to resolve
the individual beat cycles of the cells; and adding the pharmacological agents at one or
more doses and continue monitoring the cardiomyocyte beating frequency. Preferably,
the step of monitoring impedance of beating is performed immediately prior to addition
of pharmacological agent, in order to obtain a baseline of the cardiomyocyte beating
frequency using fast measurement software and hardware to ensure milli-second kinetic

readout signals.
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[00149] In another exemplary embodiment, a method of screening for
modulators of cardiomyocyte beating using an impedance-based system in vitro includes
seeding cardiomyocytes, in E-PLATES exactly as described in the previous exemplary
embodiment; however, prior to addition of pharmacological agent, obtaining a baseline of
the cardiomyocyte beating frequency using the impedance measurement system with
millisecond time resolution; and adding the pharmacological agents at one or more doses

and continue monitoring the cardiomyocyte beating frequency.

[00150] It is well established that certain pharmacological treatments and
disease conditions can result in cardiac hypertrophy or atrophy culminating in changes in
the morphology of cardiomyocyte. Cell substrate impedance can be used to precisely
measure and quantify these changes in cell morphology and shape. Certain treatments can
also affect the differentiative process of ES cells to cardiomyocytes which may involve
specific morphological and adhesive changes. In some embodiments the present
invention is directed to a method to screen for potential agents that may modulate the
morphology of ES- derived cardiomyocyte, adult stem cell-derived cardiomyocyte or
primary cardiomyocyte or its differentiation. The agent may include but is not limited to
compounds, drugs, peptides, proteins, antibodies, siRNA, shRNA, miRNA, cDNA, lipids
and any combination thereof. The method includes providing a device for measuring cell-
substrate impedance operably connected to an impedance analyzer, wherein the device
includes at least two wells; adding ES cells, adult stem-cell derived cardiomyocytes or
primary cardiomyocytes to at least two wells, monitoring impedance of the at least two
wells at different or similar time intervals over a period of time and optionally
determining cell indices from impedance values; generating an impedance-based curve or
optionally a cell index curve for each of the at least one known factor and the control,
comparing the impedance-based curves or optionally the cell index curves between the at
least one known biologically active agent well and the control well; the impedance-based
curves could be direct measurement of changes in cell morphology and if significantly
different, concluding that the biologically active agent modulates cardiomyocyte
function. Optionally, impedance-based curves or optionally cell index curves are used to
calculate the compound dose-dependent changes in cardiomyocyte morphology and

generate an EC-50 value for the potency of the compound.
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[00151] The method of the present invention is to devise a label-free cell-
based assay system for continuous monitoring of cardiomyocyte viability, the rhythmic
beating of cardiomyocytes and cardiomyocyte morphology and differentiation and to
screen for pharmacological agents which may modulate these processes and induce
cardiotoxicity. In some embodiments, viability is monitored based on long term
impedance monitoring of cardiomyocytes seeded in microelectronic plates (E-Plates).
Viable cells will continue to generate impedance signal and any changes in viability,
especially due to cytotoxic or cardiotoxic drugs will be reflected by changes in
impedance. In one respect, the method includes providing a device for measuring cell-
substrate impedance operably connected to an impedance analyzer, wherein the device
includes at least one well optionally coated with fibronectin to expedite attachment;
adding cells to the at least one well, where the cells can be mouse or human or other
mammalian ES cells or adult stem cells destined to differentiate into cardiomyocytes or
primary cardiomyocytes isolated directly from the heart of an experimental system
including mice, rats, rabbits or dog; monitoring impedance of the at least one well over a
period of time and optionally determining cell index from impedance values; In another
aspect, the method includes providing a device for measuring cell-substrate impedance
operably connected to an impedance analyzer, wherein the device includes at least two
wells optionally coated with fibronectin to expedite attachment; adding cells to the at
least two wells, where the cells can be mouse or human or other mammalian ES cells or
adult stem cells destined to differentiate into cardiomyocytes or primary cardiomyocytes
isolated directly from the heart of an experimental system including mice, rats, rabbits or
dog; monitoring impedance of the at least two wells over a period of time and optionally
determining cell index from impedance values. Treating at least one well with an agent;
where the agent could include but is not limited to a compound, peptide, protein,
antibody, siRNA, shRNA, lipid or any combination of thereof and the other well is
treated with an appropriate control; continue monitoring of control and treated well over
a period of time preoptimized for the experiment of interest; concluding that the factor
may affect cell viability if the impedance or alternatively the cell index of the treated well

is significantly different than the impedance or cell index of the treated well.
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[00152] In other preferred embodiments short term measurement using
millisecond time resolution is combined with longer term impedance monitoring, such as
over seconds, hours, days and the like. Certain cardiotoxic drugs can directly affect the
viability of cardiomyocytes. Thus, long term impedance monitoring may be used to
assess loss of viability of cardiomyocytes. An exemplary long term method to assess loss
of viability includes: optionally coating E-PLATES with either fibronectin or other
matrix proteins; seeding either embryonic stem cells (ES cells) of mammalian origin ,
mammalian adult stem cell-derived cardiomyocytes or primary cardiomyocytes isolated
directly from mammalian heart tissue at seeding densities to the wells of the device;
allowing the cells to attach and spread; monitoring cardiomyocyte viability over time
using the impedance-monitoring system to monitor electrode impedance at pre-specified
intervals of time for specified length of time such as 12, 24, 37, 48, 72 hours or longer; at
certain time after cell seeding, treating the cell with a cytotoxic agent at one or more
concentration; using the vehicle that the agent is dissolved in as a control; continue
monitoring the cardiomyocytes at pre-specified intervals of time for specified length of
time such as additional 12, 24, 48, 72 hours or longer, quantify the extent of
cardiotoxicity by normalizing the cell index values immediately prior to agent addition
and determining the normalized cell index at a given time point after agent addition,;
alternatively the rate of cytotoxicity can also be quantified for a given time period after
compound addition for a given agent concentration or a group of concentrations. The
extent of cytotoxicity can be expressed as IC-50 value which quantifies the activity of the

agent with respect to the cardiomyocytes.

[00153] In another aspect of the present invention, direct optical monitoring
of cardiomyocytes is used to quantify and measure the beating of cardiomyocytes. The
method includes providing a device for optically monitoring cells and monitoring cell
morphology operably connected to an optical measurement system, where the device
includes at least two wells optionally coated with fibronectin to expedite attachment;
adding cells to the at least two wells, where the cells can be mouse or human or other
mammalian ES cells destined to differentiate into cardiomyocytes or primary
cardiomyocytes isolated directly from the heart of an experimental system including

mice, rats, rabbits or dog; optically monitoring the cells of at least two wells at time
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intervals over a period of time via the optical measurement system; optionally calculating
average rate of beats per unit time, average amplitude intensity in a unit time as well as
the average length of time between the beats. The device for such optical measurement
of cells may include microtiter plates. The optical system may include optical
magnification instrument such as microscope, optical CCD camera, optical-signal
processing algorithm to quantify cell beating and to derive cell-beating parameters (such
as calculating average rate of beats per unit time, average amplitude intensity in a unit
time as well as the average length of time between the beats) based on cell morphology

images.

[00154] On skilled in the art will recognize that any agent may be tested.

The agent may be a biologically active agent. Exemplary test agents include compounds,
drugs, peptides, proteins, antibodies, antibody fragments, siRNA, shRNA, miRNA,
cDNA, lipids and any combination thereof. Optionally, impedance-based curves or
optionally cell index curves are used to calculate average rate of beats of cardiomyocytes
per unit time, average amplitude intensity in a unit time as well as the average length of
time between beats, comparison of these optionally derived parameters is made between
the test well and the control well, and if significant differences exist, one may optionally

conclude that the test agent modulates cardiomyocyte functions.

[00155] The study of cardiomyocyte function and modulation has particular
utility in the biomedical arts. For example, the methods of the present invention may be
used to assess whether a potential agent is cardiotoxic, cardioprotective and the like. If
normal cardiomyocyte beating is altered, the result likely demonstrates the potential agent
is cardiotoxic. Such information would permit effective screening prior to testing in live
animals or in humans. Further, by coupling millisecond time resolution over extended
time periods, the methods may assess short term and long term effects on
cardiomyocytes. Since it is well established that certain pharmacological treatments and
disease conditions can result in cardiac hypertrophy or atrophy culminating in changes in
the morphology of cardiomyocyte, the systems and methods are able to precisely measure
and quantify these changes in cell morphology and shape. Thus the methods and systems

have particular utility in the areas of biomedical research.
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[00156] In some embodiments, potential agents are tested to assess whether
they are cardioprotective, or protect against adverse affects. In such embodiments the
agent suspected of being cardioprotective is added to the cardiomyocytes prior to,
simultaneously or after adding a cardiotoxic agent or a cardiotoxic event. Thus, a
cardioprotective agent may prevent abnormal shifts in beating cycle, which would
naturally occur in the presence of a cardiotoxic agent. In further embodiments,
cardiomyocytes having abnormal beating cycles are treated with potential agents to
assess whether normal beating may be induced, such as through administration of a

cardioprotective pharmacological agent.

[00157] Certain treatments can also affect the differentiative process of ES
cells to cardiomyocytes which may involve specific morphological and adhesive changes.
In another aspect of the present invention a method is provide to screen or potential
agents that may modulate the morphology of ES- derived cardiomyocyte, adult stem

cell-derived cardiomyocyte or primary cardiomyocyte or its differentiation.

[00158] Impedance-based curves and optionally cell index curves may be
used to calculate average rate of beats per unit time, average amplitude intensity in a unit
time as well as the average length of time between the beats. Significant difference
between measurements or data of a test well and a control well support a finding that the

biologically active agent within the test well modulates cardiomyocyte function.

E. Assessing the Developmental or Functional Consequence of Gene
Knockout and Transgene Expression in Embryonic Stem Cell-Derived

Cardiomyocytes

[00159] Embodiments of the present invention also include assessing the
developmental consequence of genetically manipulated ES cells or their derived
cardiomyocytes. ES cells offer a suitable experimental model system that is amenable to
genetic manipulation. Therefore, specific genes can be targeted in knockout experiment
as well as genes can be expressed in a developmental or stage specific manner under the

control of special promoters. The impedance-based measurement system with
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millisecond time resolution can be used to evaluate the role of these genes in cardiac

development and or function.

[00160] Steps involved in assessing the developmental and functional
effect of gene knockout or transgene expression may include: obtaining ES cells
harboring specific knockout of genes or which expresses a particular transgene; provide
the system for monitoring impedance of excitable cells having millisecond time
resolution; optionally coating wells of the device with either fibronectin or other matrix
proteins; seeding the embryonic stem cells (ES cells) of mammalian origin at desired
seeding densities into the wells of the device; allowing the cells to attach and spread,
after a time period unique to ES-derived cardiomyocytes or primary cardiomyocytes, and
monitoring cardiomyocyte beating using the impedance-monitoring system using
millisecond kinetic readout to resolve the individual beat cycles of the cells. If a
particular gene is required for development of cardiomyocytes from ES cells, it is likely
that the knockout of that gene will either block or delay the differentiation of ES cells to
cardiomyocytes. Since the impedance-based measurement system is capable of functional
monitoring of cardiomyocyte, it can be used as a specific way to monitor the effect of
either gene knockout or transgene expression on cardiomyocyte function. In alternative
embodiments, the ES cells can be transfected with specific siRNA to “knockdown” the
product of a particular transcript and then monitor cardiomyocyte differentiation and
function in vitro using the impedance-based measurement system with millisecond time

resolution.

[00161] In other exemplary embodiments an impedance-based
measurement system is used to evaluate the role of genes in cardiac viability,
morphology, development and or beating function. The steps involved in assessing the
developmental and functional effect of gene knockout or transgene expression may
include: obtaining ES cells harboring specific knockout of genes or which expresses a
particular transgene; providing a single-well or multi-well device that comprise
microelectrode arrays in well(s) of the device, which can be used for monitoring cell-
substrate impedance; optionally coat wells of the device with either fibronectin or other
matrix proteins; seeding the embryonic stem cells (ES cells) of mammalian origin or

adult stem cells of mammalian origin at specific seeding densities to the wells of the
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device; allowing the cells to attach and spread and monitor the growth and viability of the
cells using the impedance-based system; after a specified period of time unique to ES-
derived cardiomyocytes or primary cardiomyocytes, monitoring cardiomyocyte beating
using the impedance-monitoring system to monitor electrode impedance by using milli-
second kinetic readout to resolve the individual beat cycles of the cells. If a particular
gene is required for development of cardiomyocytes from ES cells, it is likely that the
knockout of that gene will either affect the viability of the cells or block or delay the
differentiation of ES cells to cardiomyocytes. Since the impedance-based measurement
system is capable of functional monitoring of cardiomyocyte both in long term assays
and short term assays, it can be used as a specific way to monitor the effect of either gene
knockout or transgene expression on cardiomyocyte function. In related embodiments,
the ES cells can be transfected with specific siRNA to “knockdown” the product of a
particular transcript and then monitor cardiomyocyte viability, differentiation and

function in vitro using the impedance-based measurement system.

[00162] In another exemplary embodiment, steps involved in assessing the
developmental and functional effect of gene knockout or transgene expression using an
impedance-based system in vitro are provided, which include: obtaining ES cells
harboring specific knockout of genes or which expresses a particular transgene;
optionally coating E-PLATES with either fibronectin or other matrix proteins; seeding
either ES cells of mammalian origin or primary cardiomyocytes at specific seeding
densities; allowing the cells to attach and spread; and after a specified period of time
unique to ES-derived cardiomyocytes or primary cardiomyocytes, monitoring
cardiomyocyte beating using the impedance-based system by using millisecond kinetic
readout to resolve the individual beat cycles of the cells. If a particular gene is required
for development of cardiomyocytes from ES cells, it is likely that the knockout of that
gene will either block or delay the differentiation of ES cells to cardiomyocytes. Since
the impedance-based system is capable of functional monitoring of cardiomyocyte, it can
be used as a specific way to monitor the effect of either gene knockout or transgene
expression on cardiomyocyte function. Alternatively, the ES cells can be transfected with
specific siRNA to “knockdown” the product of a particular transcript and then monitor

cardiomyocyte differentiation and function in vitro using the impedance-based system.
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[00163] In another aspect, the present invention is directed to method to
establish an assay to assess the effect of gene knockout or transgene expression in ES
cells differentiated to cardiomyocytes and functionally monitored by the impedance-
based system. The method includes providing a device for measuring cell-substrate
impedance operably connected to an impedance analyzer, wherein the device includes at
least two wells; adding wildtype ES cells as control to at least 1well and ES cells with a
gene knockout or a transgene in at least 1 other well; monitoring impedance of the at least
two wells at time intervals over a period of time and optionally determining cell indices
from impedance values; comparing the impedance-based curves or optionally the cell
index curves between the control well and the well containing the ES cells harboring a
knockout of a specific gene or expressing a specific transgene; and if significantly
different, concluding that the gene knockout or the transgene can affect either
cardiomyocyte viability, morphology from ES cells or cardiomyocyte function as

monitored by observing the excitation-contraction coupling.

[00164] As above, in preferred embodiments, the time difference between
two consecutive impedance measurement for a well is in the range of milliseconds (e.g.,
less than 500 milliseconds, less than 300 milliseconds, less than 100 milliseconds, less
than 10 milliseconds, or less than about 1 millisecond or faster). The millisecond
kinetic readout is required to resolve the individual beat cycles of the cells. Thus, the
time resolution for the impedance measurement should allow the system to perform
measurement using at least two time points for each beat cycle. In some embodiments

more than two time points are resolved for each beating cycle.

EXAMPLES

Example 1

Impedance Monitoring of Attachment, Growth and Viability of Mouse ES Cell-Derived

Cardiomyocytes
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[00165] Since isolated primary cardiomyocytes, ES-derived
cardiomyocytes and adult stem cell-derived cardiomyocytes can be maintained in culture,
these cells provide a desirable model system to study cardiomyocytes as well as
cardiomyocyte modulation. The present example demonstrates the use of the ACEA RT-
CES system to measure and monitor the attachment, growth and viability of mouse ES-

derived cardiomyocytes which were seeded at different seeding densities.

[00166] Mouse ES cells were seeded at a density ranging from 3000 cells
to 50,000 cells per well in E-PLATES (Acea Biosciences, San Diego, CA) precoated with
fibronectin. The attachment, growth and viability of the cells were monitored on RT-CES
system measuring impedance signal in the form of cell index every 30 minute for 48
hours. At about 48 hrs after cell seeding, the growth of the cells had ceased and the
appearance of beating cardiomyocytes were evident as judged by looking at the cells

inside the E-PLATE under the microscope.

[00167] FIG. 3 shows the cell index curves measured on RT-CES system
for 4 different seeding densities (3750, 7500, 15,000 and 30,000 cells per well) of mouse
ES-derived cardiomyocytes. For such long term measurement, cell electrode impedance
and corresponding cell indices were measured at about 15 minute intervals. Based on the
cell index growth and viability curves, it is evident that the extent of the impedance signal

correlates well with the seeding density of viable ES-derived cardiomyocytes.

Example 2

Detection of Cardiotoxic Effects Using Real Tim Impedance Monitoring

[00168] As an example, we describe here the use of the ACEA RT-CES
system to measure and monitor the attachment and growth of mouse ES cells derived

cardiomyocytes and subsequently treated with a cytotoxic agent (FIG. 4A-B).

[00169] Mouse ES-derived cardiomyocytes were seeded at a density of
25,000 cells per well in E-PLATES precoated with fibronectin. The attachment and
growth of cells were monitored on RT-CES system for 72 hours and then treated with
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increasing doses of the compound of sodium dichromate dehydrate which is known to
induce cytotoxicity. According to FIG. 4A the plot of normalized cell index for cells in
different wells treated with different concentrations of sodium dichromate dehydrate
(SDD), SDD causes a concentration dependent decrease in viability of ES-derived
cardiomyocytes. To quantify the extent of sodium dichromate dehydrate activity against
the cardiomyocytes, the normalized cell indices at 24 hrs after compound treatment were
plotted against the log of the corresponding sodium dichromate dehydrate concentrations.
From the sigmoidal curve, shown in FIG. 4B, half maximal activity or IC-50 value of

1.48 uM was derived for the compound.

Example 3
Real time Monitoring of Mouse ES Cell-Derived Cardiomyocytes and

Inducing Hypertrophy

[00170] As an example, we describe here the use of the ACEA RT-CES
system to measure and monitor the attachment and growth of mouse ES cells derived
cardiomyocytes and subsequently treated with isoproteranol, a B2 adrenergic receptor

agonist known to induce hypertrophy (FIG. SA).

[00171] Mouse ES-derived cardiomyocytes were seeded at a density of
25,000 cells per well in E-PLATES precoated with fibronectin. The attachment and
growth of the cells were monitored on RT-CES system for 72 hours and then treated with
increasing doses of the compound isoproteranol. According to FIG. SA, isoproteranol
causes a concentration dependent change in cell index readings. The timing of the cell
index change is consistent with a change in the morphology of the cells which we have
shown previously for other GPCR agonists in primary cells (Yu et al (2006): Real-time
monitoring of morphological changes in living cells by electronic cell sensor arrays: an
approach to study G protein-coupled receptors; Analytical Chemistry, Vol 78, pages 35-
43). To quantify the extent of isoproteranol-induced morphological changes in mouse

ES-derived cardiomyocytes, the normalized cell indices were plotted against the log of
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the corresponding isoproteranol concentrations (FIG. SB). From the sigmoidal curve
generated a half maximal activity or IC-50 value of 3.1 nM was derived for the

compound.

Example 4

Real Time Impedance Monitoring with Millisecond Resolution of Beating

Cardiomyocytes

[00172] As an example, we describe here the use of an improved
impedance-based system with millisecond time resolution to measure and monitor the

beating of cardiomyocytes using fast kinetic software.

[00173] Mouse ES cells were seeded at a density of between 3,000 to
50,000 cells per well in E-PLATES precoated with fibronectin. The attachment and
growth of the cells were monitored on RT-CES system. FIG. 6 shows the cell index
curves measured on RT-CES system for 4 individual wells, with cell culture medium as
background starting from cell seeding to about 86 hrs after cell seeding. For such long
term measurement, cell electrode impedance and corresponding cell indices were
measured at about 15 minute intervals. As evidenced on these plots, the cell index curves
were rather smooth up to about 44-48 hrs, after which there were “noises” or “small-
spikes” on the cell index curves. Such spikes were most evident after about 60 hrs. We
now understand the origins of such “small-spikes” and interpret that such spikes in the
impedance or cell index readout are associated with the beating of the cells. During the
synchronized beating of the cells, the cell morphology and cell adhesion/attachment to
the electrodes change regularly in synchrony with the cell beating. Such regular or
periodic changes in cell morphology and cell adhesion/attachment are then reflected in

the changes in cell-electrode or cell-substrate impedances.

[00174] In order to monitor beating of cardiomyocytes, a specially

designed software and measurement circuit hardware that are capable of millisecond
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impedance data acquisition (e.g., typically with time resolution between consecutive
impedance measurement for a same well being less than 40 milliseconds) was used to
monitor the quick rhythmic beating of the cardiomyocytes. For such measurement, the
background electrode impedance is measured with the cells inside the wells (note, this is
in contrast with FIGS. 3 and 6, where the background measurement is performed using
cell culture media). The software was used to measure cardiomyocyte beating at distinct
stages throughout its attachment and growth phases (FIG. 7). For a baseline reference,
the impedance measurement was done on the ES cells at 24 hours where the cells had not
fully spread and formed a tight monolayer and even though the cells appear to beat when
visualized under a microscope, they do so asynchronously and as a result no net beating
signal is detected (FIG. 7A). For plot, impedance readout has been converted into
dimensionless cell indices. FIGS. 7B and 7C show that ES cells that had fully spread
and formed tight junctions with neighboring cells at 48 hours and 72 hours respectively,
show regular impedance-spikes which correlate with the beating frequency of

cardiomyocytes as judged by microscopic observation .

[00175] To use the measured cell index curves, it is important to further
derive various physiologically relevant parameters. Several important parameters may
include, the beating rate of the cardiomyocytes (i.e., how many times the cells beat within
a unit of time for example, a minute), the beating amplitude (i.e. the magnitude of the
beating of cells in terms of impedance change) the average amplitude intensity in a unit
time as well as the average length of time between the beats, time of rise for a beat, time
of decay for a beat. Because of the unique and complex nature of the impedance readout
signals (smaller signal amplitude, sampling time resolution may be limited by the
hardware and the software used), appropriate methods or techniques are required for

analyzing cell index curves to derive the above mentioned parameters.

[00176] For deriving the beating rates of cardiomyocytes, one method may
be by counting how many peaks there are within a given time frame (for example, one
minute). For this approach to work, the sampling time resolution has to be sufficiently
high so that the each beat of the cells does show a peak on the recorded cell index curves.
In addition, determining a peak “automatically” also require some algorithm. For

example, each peak would have to have one “rise” in cell index and also one “decay” in
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cell decay. Each “rise”-and-“decay” pair forms a single peak. The algorithm needs to

determine such “rise” and “decay” portions of the curves and then counts a peak.

[00177] Another method to derive or count the beating rates of
cardiomyocytes is to perform a detailed signal analysis to derive the frequency
components of the cell index curves and to derive the magnitude of each frequency
components. One method of signal analysis is Fourier transform of the cell index curve
(of the time domain). Like above method, the sampling time-resolution needs to be
sufficiently high so that each beat of the cells has at least three time points being
measured. After performing Fourier transform, we would look for the frequency
components having the largest magnitude and such frequency would correspond to, or be
very close to, the beating frequency. In addition, for such analysis, giving a fixed
sampling time resolution, the more time points sampled for analysis, the more accurate it
is for the analyzed beating frequency. FIG. 8A and FIG. 8B shows a pair of cell index
curves and the corresponding beat rate based the above described Fourier transform. In
FIG. 8B, the cell index curves last from time zero to time 42 seconds. In FIG. 8B, the
beating frequency for the traces in FIG. 8A is analyzed using the method described here,
i.e., Fourier transform followed by picking up the highest-magnitude frequency
component. For each derived frequency data at one time moment in FIG. 8B, cell index
data from multiple time points (starting from previous 98 time points plus the time
moment of interest) is used for analysis. Thus, the time axis in FIG. 8B starts from

about 20 seconds to 42 seconds.

[00178] Another method deriving the beating rates of cardiomyocytes is to
first determine the time length (AT in seconds) between two consecutive peaks and then
calculate the beating rate according to the formula of “beats per minute =60/ AT”. Thus
for each two-consecutive peaks, one can calculate one beating rate. Furthermore, one
can plot this beating rate as a function of the time (of the first of the two consecutive
peaks) to obtain the time dependency of the beating rates. FIG. 9A shows an example
of the time-dependent beat rates derived using this method, for mouse ES-derived
cardiomyocytes treated with compound sotalol at a concentration of 4.4 uM.

Corresponding cell index data is shown in FIGS. 9C and 9D, where the time resolution
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between two adjacent points is 40 milliseconds. In other words, a second in FIGS. 9C

and 9D is equivalent to 40-milliseconds.

[00179] For deriving the amplitude of the beating of the cardiomyocytes,
there may also be different methods. One method is to analyze each peak and finding the
peak maximum and the peak minimum. The amplitude is calculated by subtracting peak
maximum by the peak minimum. Then, one can plot the peak amplitude as a function of
the time of the peak to obtain the time dependency of the peak amplitude. FIG. 9B
shows an example of the time-dependent peak amplitudes derived using this method, for
mouse ES-derived cardiomyocytes treated with compound sotalol at a concentration of
4.4 uM. Another approach may also be to use Fourier transform described above. Then
based on derived Fourier coefficients, one can re-simulate time domain cell index curves

and look for the peak magnitude from the simulated curves.

[00180] For deriving the averaged length of time between the beats, there
may also be different methods. For each identified peak, one can first determine a
starting point of the peak. Then the time difference between two consecutive peaks at the

two starting points of the peak can be used for the length of time between the beats.

[00181] With the method of determining each peak, one can also calculate
the time-of-rise of the peak and the time-decay-of the peak.

Example 5

Identifying Modulators of Cardiac Function Using Real Time Impedance Monitoring

with Millisecond Resolution

[00182] Similar to Example 4, the millisecond kinetic readout requires that
the impedance measurement system can provide impedance measurement data at
millisecond time resolution. In other words, the time difference between two
consecutive impedance measurement for a well shall be in the range of milliseconds (e.g.,
less than 500 millisecond, less than 300 millisecond, less than 100 millisecond, less than

10 millisecond, or less than 1 millisecond or faster). The millisecond kinetic readout is
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required to resolve the individual beat cycles of the cells. Thus, the time resolution for
the impedance measurement should allow the system to perform measurement at least

two time points for each beat cycle, or at more than two points for each beat cycle.

[00183] In order to demonstrate the utility of the millisecond kinetic
impedance-measurements, we first used two pharmacological agents, one known to
suppress the heart rate and consequently cardiomyocyte beating and the other known to
increase the heart rate and consequently the rate of cardiomyocyte beating. As Mouse ES
cells were seeded in FN-coated E-PLATES and monitored for about 72 hours when the
cells differentiated into beating cardiomyocytes, as described in Section 4. A baseline of
the cardiomyocyte was taken for approximately 40 seconds using the specially designed
fast kinetic data acquisition hardware and software which is capable of millisecond data
acquisition and display. An agonist of muscarinic receptors, carbachol, which is known to
slow down the heart rate was added to one well at a final concentration of 333 nM and
cardiomyocyte beating was monitored for 10 minutes (FIG. 10A). The data clearly
shows that carbachol significantly slows down the rate of cardiomyocyte beating from ~
80 beats/min prior to carbachol addition to ~ 60 beats/min after carbachol addition (Table
I). Alternatively, addition of isoproteranol at a final concentration of 4.4 uM
significantly increased the rate of cardiomyocyte beating from ~ 65 beats/min to 115-135
beats/min (FIG. 10B and Table I). These data clearly show that the readout system and
the fast kinetic software are sufficiently robust and sensitive to detect these changes in
rate of cardiomyocyte beating even at very low compound concentrations. Similar to the
cell index plot shown in FIGS. 9C and 9D, the time resolution between two adjacent
points in FIGS. 10A and 10B is 40 milliseconds. In other words, a second in FIGS. 10A

and 10B is equivalent to 40 millisecond.

Table 1.
Concentration PBeat
Compound Mechanism Rate Amplitude | Pattern Change
333 nM From ~
Muscarnic receptor 80 to ~ From 0.07 | Beating rate
Carbachol agonist 60 t0 0.06 decreased
4.4 uM From ~
b2 Adrenergic 65to From 0.19 | Beating rate
Isoproteranol receptor agonist 115-136 | 10 0.16 increased
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[00184] To further demonstrate the capabilities of the improved
impedance-based monitoring of cardiomyocyte beating in detecting drugs which may
adversely affect heart function, a number of drugs which have been pulled out of the
market due to cardiotoxic side effects such as ERG channel inhibition and QT elongation
were compiled and tested in a dose-dependent manner. The list of these compounds, their
mechanism and adverse side affects are shown in Table II. For these tests, mouse ES
derived cardiomyocytes were seeded at a final density of 25,000 cells in ACEA E-Plates
and continually monitored by the RT-CES system. Approximately, 72 hours after cell
seeding the improved, impedance-measurement system with millisecond time resolution
was used to establish a baseline reading of cardiomyocyte beating for each well for about
40 seconds. Subsequently, the cells in each well were treated with the indicated drug and
dose shown in FIGS. 11A-11T. Similar to the cell index plot shown in FIGS. 9C and
9D, the time resolution between two adjacent points in all the figures in FIG. 9 is 40

milliseconds. In other words, a second in FIG. 9 is equivalent to 40-milliseconds.

[00185] Table II shows a summary of the results, clearly demonstrating
that compounds which have been shown to affect ERG channels do affect various aspects
of cardiomyocyte beating and function such as frequency of beating, magnitude of
beating. Furthermore, as shown in FIG. 12 some of these compounds can lead to
qualitatively different or similar patterns. For example, the compounds E4031,
Astezimole and dofetilide which are ERG channel inhibitors do contain patterns with
similar features. In summary these results clearly indicate that using the impedance-
measurement system with millisecond time resolution do lead to a sensitive and robust
readout for cardiomyocyte beating that can also detect drugs which are known to be
cardiotoxic. Similar to the cell index plot shown in FIGS. 9C and 9D, the time
resolution between two adjacent points in all the figures in FIGS. 10A-10B is 40
milliseconds. In other words, a second in a figure in FIGS. 10A-10B is equivalent to 40-

millisecond.
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Table II.

Compound Mechanism Concentration | Beat Rate Amplitude | Pattern Change
From 68-72 bpm to
irregular being to beating
Astemizole anti-histamine 400 nM 0 <0.01 stopped
From 71-78 bpm to
irregular beating to beating
Terfenadine anti-histamine 200 nM 0 <0.01 stopped
From~60to | 0.09to
Erythromycin | anti-biotic 13.3 uM ~ 80 0.07 No pattern change
From
From ~ 80 0.055 to
Moxifloxacin | anti-biotic 20 uM to ~73 0.060 No pattern change
From
From 71~78 | 0.24 to
Pentamidine anti-infective 20 uM to ~71 0.21 No pattern change
Serotonergic From ~70 From 0.22
Amitriptyline | Inhibitor 4.4 uM to ~ 90 t0 0.17 No pattern change
Ca channel From ~ 65 From 0.13 | From ~ 65 bpm to only
Verpamil blocker 130 nM to 0 to 0.06 occasional single beating.
From ~791to | From 0.22
Rosglitazone PPAR agonist 13.3 uM ~75 t0 0.17 No pattern change
From~ 80to | From 0.09 | Pattern changed, much
Dofitlite 500 nM ~ 180 t0 0.02 faster
From ~ 68 From 0.2
Rofecoxib COX-2 Inhibitor 13.3 uM to ~ 60 t0 0.19 No pattern change
Pattern change, no beating
From ~ 62 From 0.16 | after initial treatment, then
Rofecoxib COX-2 Inhibitor 40 uM to ~ 60 t0 0.10 recovers
From ~ 60
to (~20 - ~ From ~0.2
Celecoxib COX-2 Inhibitor 4.4 uM 50) t0 ~0.12 Pattern change
No pattern change
(initially). Beating pattern
Doxirubicin Anthracycline 40 uM ~ 70 ~0.16 changes after 2 hrs.
Calcineurin From~70to | From 0.18
Cyclosporin A | inhibitor 13.3 uM ~ 80 t0 0.15 No pattern change
2-adrenergic
receptor From~70to | From 0.25 | Pattern changed, much
Propalanol antagonist 4.4 uM over 150 t0 0.025 faster and irregular
From~ 80to | From 0.27 | Much faster, pattern
Sotalol 13.3 uM ~ 160 to 0.07 changed
K channel From 80 to From 0.09 | Pattern changed, much
E4031 inhibitor 120 nM 160 t0 0.03 faster
From 80 to
140, then to From 0.25 | Initially become faster, later
DDT Pesticide 8 uM ~ 80 t0 0.02 irregular beating
From~65t0o | From0.2 Beating stopped
PCB Organic toxicant | 8 uM 0 to0
From~75t0 | From 0.2 Beating stopped
Endosulfan insecticide 8 uM 0 100
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[00186] To further demonstrate the capabilities of the fast impedance-
measurement-system-based monitoring of cardiomyocyte beating in detecting drugs
which may adversely affect heart function, compounds at different concentrations were
tested to demonstrate the dose-dependent effects of these compounds on cardiomyocytes.
Approximately, 72 hours after cell seeding the impedance-measurement system with
millisecond time resolution was used to establish a baseline reading of cardiomyocyte
beating for each well for about 40 seconds. Subsequently, the cells in each well were
treated with drugs at different dose concentrations. FIG. 13 shows an example of dose
dependent effects of Astemizole on cardiomyocytes beating at different concentrations.
At high concentration of 400 nM, Astemizole had such a strong effect on the beating of
cardiomyocytes that the beating almost stopped. The effect of Astemizole on the beating
of the cardiomyocytes is clearly does-dependent. At low concentration of 40 pM, its
effect on the beating of the cardiomyocytes is small that the cardiomyocyte beating rate
was not affected. Similar to the cell index plot shown in FIGS. 9C and 9D, the time
resolution between two adjacent points in all the figures in FIGS. 11A-11T is 40

milliseconds. In other words, a second in FIG. 13 is equivalent to 40 milliseconds.

Example 6

Modulation of Cardiomyocyte Beating In Response to Haloperidol Treatment Using

Millisecond Time Resolution

[00187] To further demonstrate the capabilities of the improved impedance
measurement system for monitoring of cardiomyocyte beating in detecting drugs which
may adversely affect heart function, 500nM Haloperidol was tested to demonstrate its
time-dependent effects on cardiomyocytes. Approximately, 72 hours after cell seeding
the improved impedance system was used to establish a baseline reading of
cardiomyocyte beating for each well for about 16 seconds (FIG. 14A). Note that in FIG.
14A, each minute showed on the x-axis of FIG. 14A corresponds to one second in real

measurement. Subsequently, the cells in the well treated with 500 nM Haloperidol.

69 20191134-16
Axion Exhibit 1002

Axion v. Agilent

Page 69



FIGS. 14B, C, D, E, F, G and H show the impedance-based monitoring of beating of the
cardiomyocytes at time points of first 30 seconds, about 1 minute, about 2 minutes, about
4 minutes, about 5.5 minutes, about 1 hour and about 21 hours after the compound
treatment. In FIGS. 14B through 14H, each minute showed on the x-axis corresponds to
one second in real measurement. It is clear that within 1 hr of compound treatment, the
cardiomyocytes exhibit significant, time-dependent change in their impedance responses.
Even at ~ 21 hrs after compound treatment, the impedance pattern did not restore and the
beating frequency (50 ~ 60 beats per minute) appeared to become about half of that
before compound treatment (90 ~ 100 beats per minute before treatment). Yet the
amplitude of the impedance response spikes nearly doubled compared with that before
compound treatment. FIGS. 15A-H and FIGS. 16A-H show the analysis results of the
impedance beating pattern of FIGS. 14A-H in terms of the beating frequency (beats per
minute) and the beating magnitude For FIGS. 15A-H and FIG. 16A-H, each unit (1) on

the x-axis corresponds to 0.016 second (16 milliseconds) in real measurement.

Example 7

Modulation of Cardiomyocyte Beating In Response to Eryromycin Treatment Using

Millisecond Time Resolution

[00188] To further demonstrate the capabilities of the improved impedance
measurement system for monitoring of cardiomyocyte beating in detecting drugs which
may adversely affect heart function,300 uM erythromycin was tested to demonstrate its
time-dependent effects on cardiomyocytes. Approximately, 72 hours after cell seeding
the improved impedance system was used to establish a baseline reading of
cardiomyocyte beating for each well for about 15 seconds (FIG. 17A). Note that in FIG.
17A, each minute showed on the x-axis of FIG. 17A corresponds to one second in real
measurement. Subsequently, the cells in the well treated with 300 uM erythromycin.
FIGS. 17B-I show the impedance-based monitoring of beating of the cardiomyocytes at
time points of first 30 seconds, about 1 minute, about 2 minutes, about 4 minutes, about

5.5 minutes, about 1 hour, about 3hr and about 21 hours after the compound treatment.
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In FIGS. 17B-H, each minute showed on the x-axis corresponds to one second in real
measurement. It is clear that within 3 hr of compound treatment, the cardiomyocytes
exhibit significant, time-dependent change in their impedance responses. For example, at
about 1 hr after the treatment, the frequency of the impedance-based beating spikes is
much higher than that for the cardiomyocytes before treatment, yet the magnitude is
much smaller. On the other hand, at about 3 hr after treatment, the impedance-based
beating pattern becomes rather irregular whilst the magnitude of the beating pattern has
somewhat restored. Still, even at ~ 21 hrs after compound treatment, the impedance
pattern did not restore and the beating frequency appeared to about 70% (at 50 ~ 60 beats
per minute) of that before compound treatment (at 80 ~ 90 beats per minute). Yet the
amplitude of the impedance response spikes increased by about 50% compared with that
before compound treatment. FIGS. 18A-I and FIGS. 19A-I show the analysis results of
the impedance beating pattern of FIGS. 17A-I in terms of the beating frequency (beats
per minute) and the beating magnitude. For FIGS. 18A-I and FIGS. 19A-I, each unit (1)

on the x-axis corresponds to 0.016 second (16 milli-seconds) in real measurement.
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CLAIMS

What is claimed is:

1. A system for monitoring cells, the system comprising:

a) a device for monitoring cell-substrate impedance, the device comprising a
plurality of wells on a nonconductive substrate, wherein each of the plurality of wells
comprises an electrode array fabricated on the substrate for measurement of cell-substrate
impedance;

b) an impedance analyzer that measures cell-substrate impedance from the
plurality of wells.

¢) electronic circuitry comprising multiple analogue-to-digital conversion
channels, wherein the electronic circuitry electrically connects the electrode arrays to the
impedance analyzer such that the electrode arrays are electrically monitored at
millisecond time resolution; and

d) a software program that analyzes the measured cell-substrate impedance.

2. The system of claim 1, wherein the multiple analogue-to-digital conversion channels
are configured to convert analog electronic signals from multiple wells to digital signals

simultaneously.

3. The system of claim 1, wherein the electronic circuitry allows parallel analogue-to-

digital (AD) conversion of impedance signals from multiple wells.

4. The system of claim 1, wherein the electronic circuitry performs signal conversion in

parallel across multiple wells.

5. The system of claim 4, wherein said parallel signal conversion allows for parallel
signal processing and impedance calculation for measurements obtained from multiple

wells.
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6. The system of claim 1, wherein the electronic circuitry is configured for monitoring

cell-substrate impedance in a plurality of wells at approximately the same time.

7. The system of claim 1, wherein the electronic circuitry performs parallel analogue-to-

digital (AD) conversion of impedance signals from multiple wells.

8. The system of claim 1, wherein the electronic circuitry performs signal conversion,

signal processing, and impedance calculation in parallel across multiple wells.

9. The system of claim 1, wherein the system comprises an electromechanical apparatus

capable of interfacing a multiwell device with one or more platforms.

10. The system of claim 9, wherein the one or more platforms of the electromechanical

apparatus comprise an impedance platform and an optical platform.
11. The system of claim 1, wherein the device for monitoring cell-substrate impedance
comprising a two-piece structure wherein the nonconductive substrate is attached to a

bottomless plate to form a bottom surface of the wells.

12. The system of claim 1, wherein the substrate is suitable for cell attachment via a

precoat comprising one or more compounds that improve attachment.

13. The system of claim 1, wherein the electronic circuitry is configured to measure with

a time difference between two adjacent impedance measurements is less than 500 ms.

14. The system of claim 1, wherein the measurement at millisecond time resolution is

initiated by a change in an optical property.

15. The system of claim 14, wherein the change in the optical property is determined by

the device for optically monitoring the one or more wells.
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16. The system of claim 1, wherein the electrode array comprises electrical traces and
connection pads configured to connect the electrode array to the impedance analyzer,

wherein the electrical traces are covered with an insulating layer.

17. The system of claim 1, wherein the electrode array comprises a plurality of electrode

elements that are evenly spaced.

18. A system for monitoring cells, the system comprising:

a) a device for monitoring cell-substrate impedance, the device comprising a
plurality of wells on a nonconductive substrate, wherein each of the plurality of wells
comprises an electrode array fabricated on the substrate for measurement of cell-substrate
impedance;

b) an impedance analyzer that measures cell-substrate impedance from the
plurality of wells.

¢) electronic circuitry that electrically connects the electrode arrays to the
impedance analyzer, wherein the electronic circuitry performs signal conversion in
parallel across multiple wells such that the electrode arrays are electrically monitored at
millisecond time resolution; and

d) a software program that analyzes the measured cell-substrate impedance.

19. The system of claim 18, wherein the electronic circuitry comprises multiple analogue-

to-digital conversion channels.
20. The system of claim 19, wherein the multiple analogue-to-digital conversion
channels are configured to convert analog electronic signals from multiple wells to be

converted to digital signals simultaneously.

21. The system of claim 18, wherein the electronic circuitry allows parallel analogue-to-

digital (AD) conversion of impedance signals from multiple wells.
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22. The system of claim 18, wherein said parallel signal conversion allows for parallel
signal processing and impedance calculation for measurements obtained from multiple

wells.

23. The system of claim 22, wherein the electronic circuitry performs signal conversion,

signal processing, and impedance calculation in parallel across multiple wells.

24. A system for monitoring cells, the system comprising:

a) a device for monitoring cell-substrate impedance, the device comprising a
plurality of wells on a nonconductive substrate, wherein each of the plurality of wells
comprises an electrode array fabricated on the substrate for measurement of cell-substrate
impedance;

b) an impedance analyzer that measures cell-substrate impedance from the
plurality of wells;

¢) electronic circuitry that electrically connects the electrode arrays to the
impedance analyzer to electrically monitor the electrode arrays such that a time
difference between two adjacent measurements is less than 500 ms; and

d) a software program that analyzes the measured cell-substrate impedance.

25. The system of claim 24, wherein the electronic circuitry comprises multiple

analogue-to-digital conversion channels.

26. The system of claim 25, wherein the multiple analogue-to-digital conversion
channels are configured to convert analog electronic signals from multiple wells to digital

signals simultaneously.

27. The system of claim 24, wherein the electronic circuitry allows parallel analogue-to-

digital (AD) conversion of impedance signals from multiple wells.

28. The system of claim 24, wherein the electronic circuitry performs signal conversion

in parallel across multiple wells.
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29. The system of claim 28, wherein said parallel signal conversion allows for parallel
signal processing and impedance calculation for measurements obtained from multiple

wells.

30. The system of claim 24, wherein the electronic circuitry performs signal conversion,

signal processing, and impedance calculation in parallel across multiple wells.
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ABSTRACT

A system for monitoring cells, which includes a device for monitoring cell-substrate
impedance, the device having a plurality of wells on a nonconductive substrate, where
each of the plurality of wells has an electrode array fabricated on the substrate for
measurement of cell-substrate impedance; an impedance analyzer that measures cell-
substrate impedance from the plurality of wells; electronic circuitry with multiple
analogue-to-digital conversion channels, where the electronic circuitry electrically
connects the electrode arrays to the impedance analyzer such that the electrode arrays are
electrically monitored at millisecond time resolution; and a software program that

analyzes the measured cell-substrate impedance.
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Amitriptyline {4.4 uM}
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This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public
which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is
estimated to take 1 hour to complete, including gathering, preparing and submitting the completed application form to the USPTO. Time will
vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450.
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Please find below and/or attached an Office communication concerning this application or proceeding.
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following e-mail address(es):

Agilentdocketing @cpaglobal.com
ipopsadmin @agilent.foundationip.com
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Application No. Applicant(s)

17/993,716 Wang et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
AMY HE 2858 No

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1)(J Responsive to communication(s) fledon
O A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(] This action is FINAL. 2b) ™ This action is non-final.

3)J An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)(J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parre Quayte, 1935 C.D. 11,453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-30 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (J Claim(s) ____is/are allowed.
7) Claim(s) 1-30 is/are rejected.
8) [0 Claim(s) ____is/are objected to.
9) [J Claim(s) are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers
10)(1]) The specification is objected to by the Examiner.
11)[ The drawing(s) filed on 23 November 2022 is/are: a)¥ accepted or b)) objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d All b)(J Some** ¢) None of the:
1.0 Certified copies of the priority documents have been received.
2.(J Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) [ Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date

2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) (] Other:

Paper No(s)/Mail Date 11/25/2022,

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20230316
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Notice of Pre-AlA or AIA Status
1. The present application is being examined under the pre-AlAfirst to invent provisions.
Double Patenting

The nonstatutory double patenting rejection is based on a judicially created doctrine grounded
in public policy (a policy reflected in the statute)so as to prevent the unjustified or improper timewise
extension of the “right to exclude” granted by a patent and to prevent possible harassment by multiple
assignees. A nonstatutory double patenting rejection is appropriate where the conflicting claims are not
identical, but at least one examined application claim is hot patentably distinct from the reference
claim(s) because the examined application claim is either anticipated by, or would have been obvious
over, the reference claim(s). See, e.g., Inre Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); Inre
Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); Inre Longi, 759 F.2d 887, 225 USPQ 645 (Fed.
Cir. 1985); Inre Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); in re Vogel, 422 F.2d 438, 164
USPQ 619 (CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

Atimely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may be used to
overcome an actual or provisional rejection based on nonstatutory double patenting provided the
reference application or patent eitheris shown to be commonly owned withthe examined application,
or claims an invention made as a result of activities undertaken within the scope of a joint research
agreement. See MPEP § 717.02 for applications subject to examination under the first inventor to file
provisions of the AlA as explained in MPEP § 2159. See MPEP § 2146 et seq. for applications not subject
to examination under the first inventor to file provisions of the AlA. A terminal disclaimer must be
signed in compliance with 37 CFR 1.321(b).

The USPTO Internet website contains terminal disclaimer forms which may be used. Please visit
www.uspto.gov/patent/patents-forms. The filing date of the application in which the form is filed

determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or PTO/AIA/26) should be used. A
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web-based eTerminal Disclaimer may be filled out completely online using web-screens. An eTerminal
Disclaimer that meetsall requirements is auto-processed and approved immediately upon submission.

For more information about eTerminal Disclaimers, referto

e fa T indeud doe
it iyaanin.
RIFRT VL ey ‘:‘\\.‘.

2. Claims 1-8, 13, 18-30 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1 and 4 of U.S. Patent No. 9,709,548 (thereafter referredtoas Patent ‘548) in
view of Oka etal. “Anew planar multielectrode array for extracellular recording: application to

hippocampal acuteslice”, Journal of Neuroscience Methods, 1999, Vol. 93, 61-67.

As for claims 1, 18-19 and 24-25, Patent’548 discloses a system (see the system in claim 1, lines
3-26 of Patent ‘548) for monitoring cells, the system comprising:

a) a device for monitoring cell-substrate impedance (see the device in claim 1, lines 5-6), the
device comprising a plurality of wells (see claim 1, line 10) on a nonconductive substrate (see claim1,
line 7), wherein each of the plurality of wells comprises an electrode array (see claim 1, lines 8-9)
fabricated on the substrate for measurement of cell-substrate impedance;

b) animpedance analyzer (see the impedance analyzerin claim 1, lines 19-20) that measures
cell-substrate impedance from the plurality of wells.

c) electronic circuitry (see the electronic circuitry in claim 1, lines 21-23), wherein the electronic
circuitry electrically connects the electrode arrays to the impedance analyzer such that the electrode
arraysare electrically monitored at millisecond time resolution, or that a time difference between two
adjacent measurement is less than 500ms (see claim1, lines 31-33); and

d) a software program (see the software programin claim 1, lines 24-25) that analyzes the

measured cell-substrate impedance.
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Still referring to claims 1, 18-19 and 24-25, Patent ‘548 does not specifically disclose that the
electronic circuitry comprising multiple analogue-to-digital conversion channels to perform signal
conversion in parallel across multiple wells.

Oka et al. discloses a system for monitoring cells, the system comprising electronic circuitry
including multiple analogue-to-digital conversion channels to perform signal conversion in parallel
across multiple wells (see the multiple AD-C channels as shown in Figs. 1 and 2; also see pages 62-64).

In view of Oka et al., a person of ordinary skill in the art would recognize that using a
conventional multiple analogue-to-digital conversion channels to performs signal conversion in parallel
across the multiple wells, as suggestedin Oka et al., for the purpose of reducing the overall

measurement time, would not make the current application patentablydistinct from Patent’ 548.

As for claims 2,20 and 26, Oka et al. discloses wherein the multiple analogue-to-digital
conversion channels are configured to convert analog electronic sighals from multiple wells to digital

sighals simultaneously (see claim 4 of Patent ‘548).

As for claims 3, 21 and 27, Patent’ 548 in view of Oka et al. discloses wherein the electronic
circuitry allows parallel analogue-to-digital (AD) conversion of impedance signals from multiple wells (by

using the multiple AD-C channels as shown in Figs. 1 and 2; also see pages62-64 of Oka et al.)

As for claims 4-5, 22-23, and 28-30, Patent’548 in view of Oka et al. discloses wherein the
electronic circuitry performs signal conversion in parallelacross multiple wells, wherein said parallel
signal conversion allows for parallel signal processing and impedance calculation for measurements
obtained from multiple wells (by using the multiple AD-C channels as shown in Figs. 1 and 2; also see

pages 62-64 of Oka et al.).
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As for claim 6, Patent’548 in view of Oka et al. discloses the system of claim 1, wherein the
electronic circuitryis configured for monitoring cell-substrate impedance in a plurality of wells at

approximately the same time (see claim 4 of Patent ‘548).

As for claim 7, Patent’548 in view of Oka et al. discloses the system of claim 1, wherein the
electronic circuitry performs parallel analogue-to- digital (AD) conversion of impedance signals from
multiple wells (by using the multiple AD-C channels as shown in Figs. 1 and 2; also see pages 62-64 of
Oka et al.).

As for claim 8, Patent’548 in view of Oka et al. discloses the system of claim 1, wherein the
electronic circuitry performs signal conversion, signal processing, and impedance calculation in parallel
across multiple wells (see claim 4 of Patent ‘548).

As for claim 13, Patent’548 in view of Oka et al. discloses the system of claim 1, wherein the
electronic circuitryis configured to measure with a time difference betweentwo adjacent impedance

measurements is less than 500 ms (see claim 1, lines 31-33 of Patent’548).

Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphsof pre-AlA35 U.S.C. 102 that form
the basis for the rejections under this section made in this Office action:
A personshall be entitled to a patent unless —

(a) the invention was known or used byothersin this country, or patented or describedina printed
publicationin this or a foreign country, before the invention thereofbythe a pplicant for a patent.
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(b) the invention was patented ordescribedin a printed publicationin this or a foreign countryorin
publicuseoronsaleinthis country, more than oneyear priorto the date of application for patentin
the United States.

3. Claims 1-13 and 16-30 are rejected under pre-AlA 35 U.S.C. 102(a)(1), 102(a)(2) as being
anticipated by Oka et al. “Anew planar multielectrode array for extracellular recording: application to

hippocampal acuteslice”, Journal of Neuroscience Methods, 1999, Vol. 93, 61-67.

As for claims 1, 18-19 and 24-25, Oka et al. discloses a system (see the MED system in Fig. 2) for
monitoring cells (i.e., the brain cells of rat), the system comprising:

a) a device (the MED probe in Fig. 1) for monitoring cell-substrate impedance (see page 62,
section 2.1), the device comprising a plurality of wells (see the plurality of wells/microelectrodes in Fig.
1A) on a nonconductive substrate (glass platein Fig. 1B), wherein each of the plurality of wells
comprises an electrode array (see the 8 arrays of microelectrodesin Fig. 1A) fabricated on the substrate
for measurement of cell-substrate impedance;

b) animpedance analyzer (the LCR meter for measuring the impedance; or the means for
measuring impedance for coating effectiveness, see page 64, section 3.1; or the impedance analyzing
means in the computer shown in Fig. 2) that measures cell-substrate impedance from the plurality of
wells.

c) electronic circuitry comprising multiple analogue-to-digital conversion channels to perform
sighal conversion in parallel across multiple wells(see the multiple AD-C channels as shown in Fig. 2; also
see page 63, section 2.2), wherein the electronic circuitryelectrically connects the electrode arrays
(electrode arraysin the MED probe) to the impedance analyzer such that the electrode arraysare
electrically monitored at millisecond time resolution, or that a time difference between two adjacent

measurement is less than 500ms (see Fig. 5B); and
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d) a software program (see the software in the controlling unit in Fig. 2) that analyzesthe

measured cell-substrate impedance.

As for claims 2, 20 and 26, Oka et al. discloses wherein the multiple analogue-to-digital
conversion channels are configured to convert analog electronic sighals from multiple wells to digital

sighals simultaneously (see the multiple AD-Cin Fig. 2; and section 2.2.4 on page 64).

As for claims 3, 21 and 27, Oka et al. discloses wherein the electroniccircuitry allows parallel
analogue-to- digital (AD) conversion of impedance sighals from multiple wells (see the multiple channels

of AD-Cin Fig. 2; and section 2.2.4 on page 64).

As for claims 4-5, 22-23, and 28-30, Oka et al. discloses wherein the electronic circuitry performs
signal conversion in parallelacross multiple wells, wherein said parallel signal conversion allows for
parallel sighal processing and impedance calculation for measurementsobtained from multiple wells
(see the multiple AD-C used for analog to digital conversion in parallel as shown in Fig. 2; and section

2.2.40n page 64).

As for claim 6, Oka et al. discloses the system of claim 1, wherein the electroniccircuitry is
configured for monitoring cell-substrate impedance in a plurality of wells at approximatelythe same
time (i.e., monitoring simultaneously by using the multiple channels as shown in Fig. 2; and section 2.2.4

on page 64).
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As for claim 7, Oka et al. discloses the system of claim 1, wherein the electronic circuitry
performs parallel analogue-to- digital (AD) conversion of impedance signhals from multiple wells (see the

multiple AD-C used in Fig. 2; and section 2.2.4 on page 64).

As for claim 8, Oka et al. discloses the system of claim 1, wherein the electroniccircuitry
performs signal conversion, signal processing, and impedance calculationin parallel across multiple

wells (see the multiple AD-C and amplifiers used in Fig. 2; and section 2.2.4 on page 64).

As for claim 9, Oka et al. discloses the system of claim 1, wherein the system comprises an
electromechanical apparatus (8/64 switch box in Fig. 2) capable of interfacing a multiwell device MED

probe) with one or more platforms (isolator and computer and software in Fig. 2).

As for claim 10, Oka et al. discloses the system of claim 9, wherein the one or more platforms of
the electromechanical apparatus comprise an impedance platform and an optical platform (impedance

analyzerand an optical display that may be within the computer in Fig. 1).

As for claim 11, Oka et al. discloses the system of claim 1, wherein the device for monitoring
cell-substrate impedance comprising a two-piece structure wherein the nonconductive substrate (glass
plate in Fig. 1B)is attachedtoa bottomless plate (conducting layerin Fig. 1B) to form a bottom surface

of the wells.

As for claim 12, Oka et al. discloses the system of claim 1, wherein the substrate is suitable for
cell attachment via a precoat comprising one or more compounds that improve attachment (i.e., the

coating of the MED probe by polyethylenimine and serum, see page 65, the last paragraph).
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As for claim 13, Oka et al. discloses the system of claim 1, wherein the electronic circuitry is
configured to measure with a time difference betweentwo adjacent impedance measurements is less

than 500 ms (see Fig. 5B).

As for claim 16, Oka et al. discloses the system of claim 1, wherein the electrode array comprises
electricaltraces and connection pads (i.e., the connecting pad and wires/traces for connecting the MED
probe to the impedance measuring device or the computer and software) configured to connect the
electrode array to the impedance analyzer, wherein the electricaltraces are covered with an insulating

layer (e.g., theinsulation layerin Fig. 1B).

As for claim 17, Oka et al. discloses the system of claim 1, wherein the electrode array comprises
a plurality of electrode elements that are evenly spaced (see the evenly spaced microelectrode arrays
shown in Fig. 1).
Claim Rejections - 35 USC § 103
The following is a quotation of pre-AlA35 U.S.C. 103(a) which forms the basis for all obviousness
rejections set forth in this Office action:

(a) Apatent maynotbe obtained though the inventionis notidenticallydisclosed or described as set
forth in section 102, if the differences between the subject matter sought to be patentedand the
priorartaresuchthatthe subject matter as a whole would have been obvious at the time the
invention wasmade to a person havingordinaryskill inthe art to which said subject matter pertains.
Patentabilityshall not be negatived by the mannerin which the inventionwas made.

4, Claims 14 and 15 are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over Oka et
al. “A new planar multielectrode array for extracellular recording: application to hippocampal acute
slice”, Journal of Neuroscience Methods, 1999, Vol. 93, 61-67.

As for claims 14 and 15, Oka et al. discloses the system of claim 1 as discussed above.
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Oka et al. does not specifically disclose wherein the measurement at millisecond time resolution
is initiated by a change in an optical property, wherein the change in the optical property is determined
by the device for optically monitoring the one or more wells.

It would have been obvious to a person of ordinary skill in the art, before the effective filing date
of the claimed invention, to modify Oka et al., to disclose optically monitoring the wells and initiate the
impedance measurement when thereis a change in an optical property, for the purpose of optically
controlling the on and off of the cell-substrate impedance measurement as maybe desirable in a specific
application on hands.

Conclusion
5. Any inquiry concerning this communication or earlier communications from the examiner
should be directedto AMY HE whose telephone number is (571)272-2230. The examiner can normally
be reached 9:00am--5:00pm.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attemptsto reachthe examiner by telephone are unsuccessful, the examiner’ssupervisor, Huy
Phan can be reached on (571) 272-7924. The fax phone number for the organization where this
application or proceeding is assighed is 571-273-8300.

Information regarding the status of published or unpublished applications may be obtained from
Patent Center. Unpublished application information in Patent Center is available to registered users. To
file and manage patent submissions in Patent Center, visit: https://patentcenter.uspto.gov. Visit
https://www.uspto.gov/patents/apply/patent-center for more information about Patent Centerand
https://www.uspto.gov/patents/docx for information about filing in DOCX format. For additional

guestions, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like
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assistance from a USPTO Customer Service Representative, call 800-786-9199 (IN USA OR CANADA) or

571-272-1000.

/AMY HE/
Primary Examiner, Art Unit 2858
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Applicant-Initiated Interview Summary imnﬂer G:it to Fi(le;rgta?:: | e

AMY HE Examiner Telephonic
Robert Kramer Attorney
Ray Wagenknecht Attorney

Date of Interview: 03 May 2023

Issues Discussed:

35U.S.C. 102

The 102 rejection of claims 1-13 and 16-30 in view of Oka reference were discussed. Applicant's
representatives argue that:1) Oka et al. discloses extracellular recording and extracellular field potential
measurement, not an impedance measurement at the cell-electrode substrate; 2) the LCR meter is used
for testing the MED probe and is not included in the device in Fig. 2; and 3) the Oka device shows a
probe with a single electrode array of electrodes, not a multiwell device.

In response, the examiner believes that: 1) Oka et al. does disclose an impedance analyzer for
monitoring the impedance of the each 64 microelectrodes with or without the cell attachment (see
section 2.1). In addition, an impedance can always be calculated from the measured voltages/current in
response to a stimulating signal of current/voltage (see 2.2.1). And the current specification and
drawings do not show the specific structure/device used for the impedance measurement/analyzer; and
2) a system, not an apparatus is claimed in the current application. The system can be considered to
include the LCR meter for measuring the impedance; and 3) the structure of MED probe including the 64
microelectrodes in Fig. 1 of Oka can be considered as the multiwell device, in which each row of
microelectrodes is considered as one array of microelectrodes array.

No agreement was reached.

Non-statutory Double Patenting

The double patent rejection still applies since in view of Oka et al. reference, the addition of an ADC for
signal conversion and signal processing does not make the current application patentably distinct from
the cited Patent '548.

/AMY HE/
Primary Examiner, Art Unit 2858

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:

MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)

37 CFR § 1.2 Business to be transacted in writing

U.S. Patent and Trademark Office
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper Noy 2072 9R it 1002
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Applicant(s)

17/993,716 Wang et al.
. s . i AlA (First | t
Applicant-Initiated Interview Summary imnﬂer G:it to Fi(le;rgta?:: | e
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(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Xiaobo Wang et al.

Application No.: 17/993,716

Filed: November 23, 2022

For: LABEL-FREE MONITORING OF

EXCITATION-CONTRACTION COUPLING

AND EXCITABLE CELLS USING

IMPEDANCE BASED SYSTEMS WITH
MILLISECOND TIME RESOLUTION

Confirmation No.: 1061

Art Unit: 2858

Examiner: AMY HE

AMENDMENT AND RESPONSE TO NON-FINAL OFFICE ACTION

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

RESPONSE TO NON-FINAL OFFICE ACTION

In response to the Non-Final Office Action dated March 28, 2023, please enter the

following amendments and consider the following remarks.

Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claims begin on page 12 of this paper.

Remarks begin on page 19 of this paper.

315695196.1

Axion Exhibit 1002
Axion v. Agilent
Page 169



Application No. 17/993,716 Docket No.: 20191134-16 (A2185-9003)
Amendment dated June 23, 2023
Response to Non-Final Rejection of March 28, 2023

Amendments to the Specification

Please replace 4 [00115], [00145], [00154], and [00163] of the Specification as filed with
the following amended 9 [00115], [00145], [00154], and [00163].

[00115] A number of improvements in the impedance measurement circuitry, electronic
switching circuitry, communication between impedance measurement circuitry and software can
be used to achieve such millisecond time resolution. For instance, improvement likely requires the
use of fast processing electronic chips for analogue-to-digital conversion, for parallel digital signal
processing and data calculation with field-programmable gate array (FPGA) and for fast
communication between the impedance measurement circuitry and software. Another example of
improvements includes the use of multiple analogue-to-digital (AD) conversion channels so that
analog electronic signals from multiple channels can be converted to digital signals
simultaneously. Such parallel AD conversion is important, particular for the system having
multiple wells, each of which’s measurement time resolution is required to be in the millisecond
resolution. And, a very important improvement is to replace previous working mode of
“measurement of one-well’s impedance at a time” with a mode of “measurement of multiple-wells’
impedances at a time”. In “one-well at a time” mode, when the software tssue issues a command
for measuring one well’s impedance, the measurement circuitry would perform the measurement
for one well including signal generation to the well, converting the voltage signal and the electric
current signal for the well to digital signal, digitally processing the signals to do impedance
calculation and sending the well’s impedance data to the computer over the communication line
between the impedance measurement circuitry and the computer. The system will not perform any
measurement for another well until the-eempletion—of completing the measurement of this well
and until receiving another command for the measurement of another well. In “multiple wells at a
time” mode, the software would issue a command for measuring multiple wells’ impedances. The
measurement circuitry would simultaneously or nearly simultaneously perform signal conversion,
signal processing and impedance calculation for multiple wells. The multiple impedance data for
the multiple wells would be sent over the communication lines to the computer sequentially with

one well’s data at the same time or simultaneously with more than one well’s data being sent at a
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time. In this “measurement of multiple-wells’ impedances at a time” mode, the system may be
performing multiple tasks simultaneously, for example, while one well’s impedance data is being
measured and calculated, another well’s impedance data may be communicated and sent over the

communication lines to the computer.

[00145] Certain cardiotoxic drugs can tHiett elicit their effect by affecting the morphological
aspects of cardiomyocyte morphology. For example, it is well known that compounds such as -2
adrenergic receptor agonists can induce morphological changes resulting in an elongated
cardiomyocyte morphology, otherwise known as hypertrophy. Morphological changes can occur
immediately in the order of minutes as with certain GPCR agonists or can be of longer duration
detectable over several days. The time resolution of the impedance-based system can be used to
distinguish between different kinds of morphological effects. The steps involved in using an
impedance-monitoring system for measurement of morphological modulation of cardiomyocytes
may include: optionally coating E-PLATES with either fibronectin or other matrix proteins;
seeding either embryonic stem cells (ES cells) of mammalian origin, mammalian adult stem cell
derived cardiomyocytes or primary cardiomyocytes isolated directly from mammalian heart tissue
at specific seeding densities to the wells of the device; allowing the cells to attach and spread;
monitoring cardiomyocyte viability over time using the impedance monitoring system at
prespecified intervals of time for 12, 24, 48, 72 hours or longer; at certain times after cell seeding,
treat the cell with agents that may cause morphology changes at one or more concentration; using
the vehicle that the agent is dissolved in as a control; continuing to monitoring the cardiomyocytes
at 1 minute intervals for at least 1-2 hours to capture any immediate morphological changes and
continue to monitor at 30 minutes intervals of time for additional 12, 24, 48, 72 hours or longer to
detect long term morphological changes; and quantifying the extent of morphological change by
normalizing the cell index values immediately prior to agent addition and determine the
normalized cell index at a given time point after agent addition. The extent of morphological
change can be expressed as EC-50 value which quantifies the activity of the agent with respect to

the cardiomyocyte shape changes.
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[00154] [[On]] One skilled in the art will recognize that any agent may be tested. The agent
may be a biologically active agent. Exemplary test agents include compounds, drugs, peptides,
proteins, antibodies, antibody fragments, siRNA, shRNA, miRNA, cDNA, lipids and any
combination thereof. Optionally, impedance-based curves or optionally cell index curves are used
to calculate average rate of beats of cardiomyocytes per unit time, average amplitude intensity in
a unit time as well as the average length of time between beats, comparison of these optionally
derived parameters is made between the test well and the control well, and if significant differences

exist, one may optionally conclude that the test agent modulates cardiomyocyte functions.

[00163] In another aspect, the present invention is directed to method to establish an assay
to assess the effect of gene knockout or transgene expression in ES cells differentiated to
cardiomyocytes and functionally monitored by the impedance based system. The method includes
providing a device for measuring cell-substrate impedance operably connected to an impedance
analyzer, wherein the device includes at least two wells; adding wildtype ES cells as control to at
least +weH one well and ES cells with a gene knockout or a transgene in at least [[1]] one other
well; monitoring impedance of the at least two wells at time intervals over a period of time and
optionally determining cell indices from impedance values, comparing the impedance-based
curves or optionally the cell index curves between the control well and the well containing the ES
cells harboring a knockout of a specific gene or expressing a specific transgene; and if significantly
different, concluding that the gene knockout or the transgene can affect either cardiomyocyte
viability, morphology from ES cells or cardiomyocyte function as monitored by observing the

excitation-contraction coupling.

Please replace the section header appearing on lines 20-21 of page 60, between [
[00167] and [00168], with the following amended section header.

Example 2
Detection of Cardiotoxic Effects Using Real [[Tim]] Time Impedance Monitoring

Please replace Y [00169], [00178-79], and [00182-83] of the Specification as filed with
the following amended 9 [00169], [00178-79], and [00182-83].
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[00169] Mouse ES-derived cardiomyocytes were seeded at a density of 25,000 cells per well
in E-PLATES precoated with fibronectin. The attachment and growth of cells were monitored on
RT-CES system for 72 hours and then treated with increasing doses of the compound of sodium
dichromate dehydrate which is known to induce cytotoxicity. According to FIG. 4A the plot of
normalized cell index for cells in different wells treated with different concentrations of sodium
dichromate dehydrate (SBB3; (SDD). SDD causes a concentration dependent decrease in viability
of ES-derived cardiomyocytes. To quantify the extent of sodium dichromate dehydrate activity

against the cardiomyocytes, the normalized cell indices at 24 [[hrs]] hours after compound

treatment were plotted against the log of the corresponding sodium dichromate dehydrate
concentrations. From the sigmoidal curve, shown in FIG. 4B, half maximal activity or IC-50 value

of 1.48 [[uM]] uM was derived for the compound.

[00178] Another method for deriving the beating rates of cardiomyocytes is to first
determine the time length (AT in seconds) between two consecutive peaks and then calculate the
beating rate according to the formula of “beats per minute =60/ AT”. Thus for each two-
consecutive peaks, one can calculate one beating rate. Furthermore, one can plot this beating rate
as a function of the time (of the first of the two consecutive peaks) to obtain the time dependency
of the beating rates. FIG. 9A shows an example of the time-dependent beat rates derived using this
method, for mouse ES-derived cardiomyocytes treated with compound sotalol at a concentration
of 4.4 [[uM.]] uM. Corresponding cell index data is shown in FIGS. 9C and 9D, where the time
resolution between two adjacent points is 40 milliseconds. In other words, a second in FIGS. 9C

and 9D is equivalent to 40 milliseconds. 40-millisecends-

[00179] For deriving the amplitude of the beating of the cardiomyocytes, there may also be
different methods. One method is to analyze each peak and finding to find the peak maximum and
the peak minimum. The amplitude is calculated by subtracting peak maximum by the peak
minimum. Then, one can plot the peak amplitude as a function of the time of the peak to obtain
the time dependency of the peak amplitude. FIG. 9B shows an example of the time-dependent peak

amplitudes derived using this method, for mouse ES-derived cardiomyocytes treated with
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compound sotalol at a concentration of 4.4 [[uM.]] uM. Another approach may also be to use
Fourier transform as described above. Then based on derived Fourier coefficients, one can re-

simulate time domain cell index curves and look for the peak magnitude from the simulated curves.

[00182] Similar to Example 4, the millisecond kinetic readout requires that the impedance
measurement system can provide impedance measurement data at millisecond time resolution. In
other words, the time difference between two consecutive impedance measurement for a well shall
be in the range of milliseconds (e.g., less than 500 millisecond, less than 300 millisecond, less than
100 millisecond, less than 10 millisecond, or less than 1 millisecond or faster). The millisecond
kinetic readout is required to resolve the individual beat cycles of the cells. Thus, the time
resolution for the impedance measurement should allow the system to perform measurement at at

least two time points for each beat cycle, or at more than two points for each beat cycle.

[00183] In order to demonstrate the utility of the millisecond kinetic impedance-
measurements, we first used two pharmacological agents, one known to suppress the heart rate
and consequently cardiomyocyte beating and the other known to increase the heart rate and
consequently the rate of cardiomyocyte beating. As Mouse ES cells were seeded in FN-coated E-
PLATES and monitored for about 72 hours when the cells differentiated into beating
cardiomyocytes, as described in Section 4. A baseline of the cardiomyocyte was taken for
approximately 40 seconds using the specially designed fast kinetic data acquisition hardware and
software which is capable of millisecond data acquisition and display. An agonist of muscarinic
receptors, carbachol, which is known to slow down the heart rate was added to one well at a final
concentration of 333 nM and cardiomyocyte beating was monitored for 10 minutes (FIG. 10A).
The data clearly shows that carbachol significantly slows down the rate of cardiomyocyte beating
from ~ 80 beats/min prior to carbachol addition to ~ 60 beats/min after carbachol addition (Table
I). Alternatively, addition of isoproteranol at a final concentration of 4.4 [[uM]] uM significantly
increased the rate of cardiomyocyte beating from ~ 65 beats/min to 115-135 beats/min (FIG. 10B
and Table I). These data clearly show that the readout system and the fast kinetic software are
sufficiently robust and sensitive to detect these changes in rate of cardiomyocyte beating even at

very low compound concentrations. Similar to the cell index plot shown in FIGS. 9C and 9D, the
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Docket No.: 20191134-16 (A2185-90

03)

time resolution between two adjacent points in FIGS. 10A and 10B is 40 milliseconds. In other

words, a second in FIGS. 10A and 10B is equivalent to 40 millisecond.

Please replace Table I appearing on page 60, after Y] [00183], with the following
amended Table L.

Table 1.
Compound Mechanism Concentration | Beat Rate Amplitude Pattern
Change

Carbachol Muscamic 333 nM From ~80to | From 0.07 to | Beating rate
receptor ~60 0.06 decreased
agonist

Isoproteranol | [[b2 ]] B2 4.4 [[uM]] From ~65to | From 0.19 to | Beating rate
fecci;‘;gigic uM 115-136 0.16 increased
agonist

Please replace Table II appearing on page 68 with the following amended Table I

Table 11

Compound

Mechanism

Concentration

Beat Rate

Amplitude

Pattern

Change

Astemizole

anti-

histamine

400 nM

<0.01

From 68-72
bpm to
irregular
being to
beating
stopped

Terfenadine

anti-

histamine

200 nM

<0.01

From 71-78
bpm to
irregular
beating to
beating
stopped
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Erythromycin | anti-biotic 13.3 [[uM]] From ~60to | 0.09 to No pattern
M ~ 80 0.07 change
Moxifloxacin | anti-biotic 20 [[uM]] uM | From ~ 80 From No pattern
to ~73 0.055 to
0.060 change
Pentamidine | anti-infective | 20 [[uM]] uM | From 71~78 | From No pattern
to ~71 0.24 to
021 change
Amitriptyline | Serotonergic | 4.4 [[uM]] From ~70 From 0.22 No pattern
Inhibitor UM to~90 to 0.17 change
Verpamil Ca channel 130 nM From ~ 65 From 0.13 From ~ 65
blocker to 0 t0 0.06 bpm to only
occasional
single
beating.
Rosglitazone | PPAR agonist | 13.3 [[uM]] From ~79 to | From 0.22 No pattern
M ~75 to 0.17 change
Dofitlite 500 nM From ~ 80 to | From 0.09 Pattern
~ 180 t0 0.02 changed,
much
faster
Rofecoxib COX-2 13.3 [[uM]] From ~ 68 From 0.2 No pattern
Inhibitor UM to ~ 60 t0 0.19 change
Rofecoxib COX-2 40 [[uM]] uM | From ~ 62 From 0.16 Pattern
Inhibitor to ~ 60 t0 0.10 change, no
beating
after initial
treatment,
then
recovers
Celecoxib COX-2 4.4 [[uM]] From ~ 60 From ~0.2 Pattern
Inhibitor uM to (~20 - ~ to~0.12 change
50)
Doxirubicin | Anthracycline | 40 [[uM]] uM | ~ 70 ~0.16 No pattern
change
(initially).
Beating
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pattern
changes after
2 hrs.
Cyclosporin | Calcineurin 13.3 [[uM]] From ~70 to | From 0.18 No pattern
A inhibitor uM ~ 80 to 0.15 change
Propalanol B2-adrenergic | 4.4 [[uM]] From ~70 to | From 0.25 Pattern
receptor UM over 150 t0 0.025 changed,
antagonist much faster
and irregular
Sotalol 13.3 [[uM]] From ~ 80 to | From 0.27 Much faster,
~ 160 to 0.07 pattern
uM changed
E4031 K channel 120 nM From 80 to From 0.09 Pattern
inhibitor 160 t0 0.03 changed,
much faster
DDT Pesticide 8 [[uM]] uM | From 80 to From 0.25 Initially
140, thento | t0 0.02 become
~ 80 faster, later
irregular
beating
PCB Organic 8 [[uM]] uM | From ~ 65 to | From 0.2 Beating
toxicant [[o]] 0 to 0 stopped
Endosulfan insecticide 8 [[uM]] uM | From ~75to | From 0.2 Beating
[[o]] O t0 0 stopped

Please replace 99 [00186-88] of the Specification as filed with the following amended |1

[00186-88].

[00186]

To further demonstrate the capabilities of the fast impedance measurement- system-

based monitoring of cardiomyocyte beating in detecting drugs which may adversely affect heart

function, compounds at different concentrations were tested to demonstrate the dose-dependent

effects of these compounds on cardiomyocytes. Approximately, 72 hours after cell seeding the

impedance-measurement system with millisecond time resolution was used to establish a baseline

reading of cardiomyocyte beating for each well for about 40 seconds. Subsequently, the cells in

each well were treated with drugs at different dose concentrations. FIG. 13 shows an example of

dose dependent effects of Astemizole on cardiomyocytes beating at different concentrations. At
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high concentration of 400 nM, Astemizole had such a strong effect on the beating of
cardiomyocytes that the beating almost stopped. The effect of Astemizole on the beating of the

cardiomyocytes is clearly dees-dependent: dose-dependent. At low concentration of 40 pM, its

effect on the beating of the cardiomyocytes is small enough that the cardiomyocyte beating rate
was not affected. Similar to the cell index plot shown in FIGS. 9C and 9D, the time resolution
between two adjacent points in all the figures in FIGS. 11A-11T is 40 milliseconds. In other words,

a second in FIG. 13 is equivalent to 40 milliseconds.

[00187] To further demonstrate the capabilities of the improved impedance measurement
system for monitoring of cardiomyocyte beating in detecting drugs which may adversely affect
heart function, 566aM 500 nM Haloperidol was tested to demonstrate its time-dependent effects
on cardiomyocytes. Approximately, 72 hours after cell seeding the improved impedance system
was used to establish a baseline reading of cardiomyocyte beating for each well for about 16
seconds (FIG. 14A). Note that in FIG. 14A, each minute shewed shown on the x-axis of FIG. 14A
corresponds to one second in real measurement. Subsequently, the cells in the well treated with
500 nM Haloperidol. FIGS. H4B—&—D—E—FE-GandH 14B-H show the impedance-based
monitoring of beating of the cardiomyocytes at time points of first 30 seconds, about 1 minute,
about 2 minutes, about 4 minutes, about 5.5 minutes, about 1 hour and about 21 hours after the
compound treatment. In FIGS. 14B through 14H, each minute shewed shown on the x-axis
corresponds to one second in real measurement. It is clear that within 1 hr of compound treatment,
the cardiomyocytes exhibit significant, time-dependent change in their impedance responses. Even
at ~ 21 hrs after compound treatment, the impedance pattern did not restore and the beating
frequency (50 ~ 60 beats per minute) appeared to become about half of that before compound
treatment (90 ~ 100 beats per minute before treatment). Yet the amplitude of the impedance
response spikes nearly doubled compared with that before compound treatment. FIGS. 15A-H and
FIGS. 16A-H show the analysis results of the impedance beating pattern of FIGS. 14A-H in terms
of the beating frequency (beats per minute) and the beating magnitade magnitude. For FIGS. 15A-
H and FIG. 16A-H, each unit (1) on the x-axis corresponds to 0.016 second (16 milliseconds) in

real measurement.
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[00188] To further demonstrate the capabilities of the improved impedance measurement
system for monitoring of cardiomyocyte beating in detecting drugs which may adversely affect

heart funetton;300—uM function, 300 uM erythromycin was tested to demonstrate its time-

dependent effects on cardiomyocytes. Approximately, 72 hours after cell seeding the improved
impedance system was used to establish a baseline reading of cardiomyocyte beating for each well
for about 15 seconds (FIG. 17A). Note that in FIG. 17A, each minute shewed shown on the x-axis
of FIG. 17A corresponds to one second in real measurement. Subsequently, the cells in the well
treated with 300 [[uM]] uM erythromycin. FIGS. 17B-I show the impedance-based monitoring of
beating of the cardiomyocytes at time points of first 30 seconds, about 1 minute, about 2 minutes,

about 4 minutes, about 5.5 minutes, about 1 hour, about [[3hr]] 3 hours and about 21 hours after

the compound treatment. In FIGS. 17B-H, each minute shewed shown on the x-axis corresponds
to one second in real measurement. It is clear that within 3 [[hr]] hours of compound treatment,
the cardiomyocytes exhibit significant, time-dependent change in their impedance responses. For
example, at about 1 hr after the treatment, the frequency of the impedance-based beating spikes is
much higher than that for the cardiomyocytes before treatment, yet the magnitude is much smaller.
On the other hand, at about 3 [[hr]] hours after treatment, the impedance-based beating pattern
becomes rather irregular whilst the magnitude of the beating pattern has somewhat restored. Still,
even at ~ 21 hrs after compound treatment, the impedance pattern did not restore and the beating
frequency appeared to be about 70% (at 50 ~ 60 beats per minute) of that before compound
treatment (at 80 ~ 90 beats per minute). Yet the amplitude of the impedance response spikes
increased by about 50% compared with that before compound treatment. FIGS. 18A-I and FIGS.
19A-I show the analysis results of the impedance beating pattern of FIGS. 17A-I in terms of the
beating frequency (beats per minute) and the beating magnitude. For FIGS. 18A-I and FIGS. 19A-
I, each unit (1) on the x-axis corresponds to 0.016 seeend seconds (16 milli-seconds) in real

measurement.
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Amendmenis to the Claims

The following listing of claims in intended to replace all prior listings of claims.

CLAIMS

What is claimed is:

1. (Currently Amended) A-systemt An apparatus for continuous, label free, real-time

monitoring of cells[[,]] using impedance-based analysis, the system apparatus comprising:

a) a-deviceformonitoring-cel-substrate-tmpedance-the-deviee multiwell plate

comprising a plurality of wells on a nonconductive substrate, wherein each of the plurality of

wells comprises an electrode array of a plurality of electrode arrays that is disposed on the

nonconductive substrate; substrate-formeasurement-of cel-substrate-impedanece:

b) an impedance analyzer that independently measures a cell-substrate impedance at each

well, the cell-substrate impedance being measured between a first electrode structure and a

second electrode structure of the electrode array and across a cellular sample comprising a

plurality of cells disposed within each well, the impedance analyzer including eeH-substrate
e)electronte-cireuitry-compristng-multiple_at least two analogue-to-digital conversion
channels[[,]] _coupled to the plurality of electrode arrays, wherein the-electronte-eirenttry
electrically-conneects-the-electrode-arrayste the impedance analyzer sueh-that-the-eleetrode-arrays
are-eleetrically-monitored monitors the electrode arrays at millisecond time resolution[[;]]

between first measurements of the cell-substrate impedance and second measurements of the

cell-substrate impedance for each well: and

[[d)]] ¢) a software program that analyzes the first measurements and the second

measurements to produce a time period analysis of the cellular sample. the-measured-cell-

substrate-tmpedanee:

2. (Currently Amended) The system apparatus of claim 1, wherein the sultiple plurality of

analogue-to-digital conversion channels are configured to simultaneously convert analog
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electronic signals from multiple individual wells to digital signals associated with at least two

individual wells. stmultaneoushy-

3. (Cancelled)

4. (Currently Amended) The systess apparatus of claim 1, wherein the eleetrente-etrenitry

plurality of analogue-to-digital conversion channels performs signal conversion in parallel across

multiple wells.

5. (Cancelled)

6. (Currently Amended) The systess apparatus of claim 1, wherein the eleetronte-etrenitry

plurality of analogue-to-digital conversion channels is configured for monitoring multiple cell-

substrate impedanee impedances in [[a]] different wells of the plurality of wells at approximately

the same time.

7. (Cancelled)

8. (Cancelled)

0. (Currently Amended) The systes apparatus of claim 1, wherein the system apparatus
comprises an electromechanical apparatus-eapable-ef configured for interfacing a-mult-wel

deviee the multiwell plate with one or more platforms.

10.  (Currently Amended) The systest apparatus of claim 9, wherein the one or more
platforms of the electromechanical apparatus comprise an impedance platform and-an-epticat

pratferm.

11.  (Currently Amended) The system apparatus of claim 1, wherein the devieefor
monitering-cell-substrate tmpedance-comprising-the multiwell plate comprises a two-piece
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structure wherein the nonconductive substrate is attached to a bottomless plate to form a bottom

surface of the wells.

12.  (Currently Amended) The systest apparatus of claim 1, wherein the nonconductive
substrate s-suitableforcell-attachment-via includes a precoat comprising one or more

compounds that improve cell attachment.

millisecond time resolution between the first measurements and the second measurements is less

than 500 [[ms.]] milliseconds.

14-17. (Cancelled)

18.  (Currently Amended) A system for continuously monitoring cells[[,]] in real time, label

free, with impedance-based analysis, the system comprising:

a) a plurality of analog-to-digital (A2D) signal converters electrically arranged in parallel

to one another:

— e My

a)a-deviceformonitorngeell-substrate tmpedaneethedevtee b) a well plate comprising

a plurality of wells on a nonconductive substrate, wherein each well of the plurality of wells

comprises [[an]] one electrode array of a plurality of electrode arrays disposed on the
nonconductive substrate that is connected to the plurality of A2D signal converters; substrate-for
mreasurement-ofeelsubstrate tmpedanee:

[[b)]] ¢) an impedance analyzer connected to or including the plurality of A2D signal

converters, wherein the impedance analyzerthat measures, via digitally converted signals from

the A2D signal converters, a first plurality of cell-substrate impedances at a first time and a

second plurality of cell-substrate impedances at a second time, the first plurality of cell-substrate

impedances and the second plurality of cell-substrate impedances being measured between a first

electrode structure and a second electrode structure in each electrode array and across a cell
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sample attached within each well of the plurality of wells; and eeH-substrate-tmpedance-from
the-plurality-efwels-

d) a software program that analyzes the first plurality of cell-substrate impedances from

the first time and the second plurality of cell-substrate impedances from the second time to

produce a plurality of time period analyses of the plurality of cell samples. wherein individual

time period analyses of the plurality of time period analyses are associated with individual wells

of the plurality of wells. measured-cel-substrate-tmpedance-

19-23. (Cancelled)

24.  (Currently Amended) A system for continuously monitoring cells[[,]] in real time, label

free, with impedance-based analysis, the system comprising:

a)-a-deviceformonitoring-cel-substrate-impedance,-the-deviee a well plate comprising a
plurality of electrode arrays formed aplarality-ef-wels on a nonconductive substrate, wherein

each electrode array of the plurality of wells electrode arrays is disposed in a corresponding well

of a plurality of wells defined by the well plate and includes a first electrode structure and a

second electrode structure; eomprises-an-electrode-arrayfabrteated-on-the-substrate-for
measurement-of cellsubstrate tmpedanee:

b) an impedance analyzer that monitors, in association with individual cell samples in

individual wells of the plurality of wells via each individual electrode array of the plurality of

electrode arrays, a cell-substrate impedance between the first electrode structure and the second

electrode structure across a cell sample disposed in a corresponding well of the plurality of wells;
¢) electronic circuitry that electrically connects the plurality of electrode arrays to the

impedance analyzer to-eleetrically-meonitorthe-electrode-arrayssuch-that-atime-difference

between-two-adiacent-measurements-istess-than-560-ms; and
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d) a software program that analyzes-the continuously monitors each cell sample via the

plurality of cell-substrate impedances across an analysis period of time with measurements

recorded at a sampling time resolution during the period of time. measured-cel—substrate
tmpedanece-

25-30. (Cancelled)

31.  (New) The apparatus of claim 13, wherein the millisecond time resolution between the

first measurement and the second measurement is between 500 and 100 milliseconds.

32.  (New) The apparatus of claim 1, wherein the millisecond time resolution between the

first measurement and the second measurement is less than 100 milliseconds.

33.  (New) The apparatus of claim 1, wherein the millisecond time resolution between the

first measurement and the second measurement is less than 40 milliseconds

34.  (New) The apparatus of claim 1, wherein the millisecond time resolution between the

first measurement and the second measurement is less than 20 milliseconds

35. (New) The apparatus of claim 1, wherein the millisecond time resolution between the

first measurement and the second measurement is less than 5 milliseconds.

36.  (New) The apparatus of claim 1, wherein the time period analysis lasts at least 12 hours.

37.  (New) The system of claim 18, wherein:
the first electrode structure includes a first set of electrode elements;
the second electrode structure includes a second set of electrode elements;
the first electrode structure opposes the second electrode structure; and
the first set of electrode elements alternate with the second set of electrode elements in an

interdigitated pattern.
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38. (New) The system of claim 18, wherein each cell sample disposed in the corresponding
wells is cultured from a cell seeding placed in the corresponding wells at a setup time before the
first time that viably attaches to a bottom of the well by growing from the setup time to the first
time and are observed from the first time to the second time for dynamic cellular responses that
alter signal impedance between the first electrode structure and the second electrode structure
including at least one of’

changes in cell attachment,

cell spreading, or

excitation-contraction coupling of the cell sample.

39.  (New), The system of claim 38, wherein the changes in cell attachment at the bottom of
the well include changes in a number of cells attached to at least one of:

the first electrode structure;

the second electrode structure; and

the nonconductive substrate between the first electrode structure and second electrode

structure.

40. (New) The system of claim 18, wherein each cell sample disposed in the corresponding
wells is an in vitro sample that is measured between the first time and the second time for
changes in impedance that are associated with morphological changes in each cell sample across

the time period analyses.

41. (New) The system of claim 18, wherein each cell sample disposed in the corresponding
wells is an in vitro sample that is measured between the first time and the second time for
changes in impedance that are associated with changes in a number of cells attached to at least

one of the first electrode structure or the second electrode structure.

42. (New) The system of claim 18, wherein the plurality of wells isolate the individual cell

samples from one another.
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43.  (New) The system of claim 24, wherein the impedance analyzer monitors the impedance

using a voltage applied at a single frequency.

44, (New) The system of claim 24, wherein the impedance analyzer monitors the impedance

using a voltage applied with multiple frequencies.

45.  (New) The system of claim 24, wherein the impedance analyzer monitors the impedance

using a voltage applied with a specified voltage waveform.

46.  (New) The system of claim 24, wherein the impedance analyzer is further configured to
monitor a plurality of cell-electrode impedances between the cell sample disposed in the
corresponding well of the plurality of wells and the electrode arrays, the cell-electrode
impedances being associated with individual cell samples in the individual wells of the plurality

of wells.

47 {New} The system of claimy 24, wherein the impedance analyzer separates the cell-
substrate impedances from a background electrode 1mupedance measured with the cell sample

inside the corresponding well,

48 (New} The system of claimy 24, wherein the impedance analyzer separates the cell-
subsirate impedances from a background elsctrode impedance measured with a cell culture

media nside the corresponding well

49, (Mew) The system of claim 24, wherein the impedance analyzer roeasures impedances
between 0.1 ohms and 10° ohms via an alternating current applied in a frequency range of 1

Hertz (Hz) 1o | Megahertz (MHz),
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Hemarks

This response is submitted 1o reply to the Non-Final Otfice Action of March 28, 2023 In
the Office Action, claims 1-30 were pending. With entry of this response, claums 1, 2, 4, 6, 813,
18, 24, and 31-49 shall be pending. Claims 1, 2, 4, 6, 9-13, 1¥, and 24 are amended; claims 3, 5,
7,8, 14-17, 1923, and 25-30 are cancelied; and claims 31-49 are newly introduced. Paragraphs
[00145], [00154], [00163], [00169], [00178-79], [00182-83], and [00186-88] and Tables I and II
of the Specification are amended to address minor typographical and grammatical informalities.
Applicant submits that no new matter 15 added with these amendments and new claims. Support
for the amendments can be found at least o % [0014], [0024-25], [0065-66], [01121, [0123],
f013&], [0145-48], [0167], and {0173-74] of the Specification as originally filed. Favorable
reconsideration of this application is respectfully requested in view of these amendments and the

following remarks,

Statement of Substonce of Interview

On May 3, 2023, Applicant’s representatives Robert Kramer (Reg No.: 51.242) and
Raymond Wagenknecht {Reg No 50,948) conducted a telephovic interview with Examiner He
Draring the interview, the parties discussed the rejections under 35 U.S.C. % 102 and the double
patenting rejections with focus on how the Oka reference differs from the present invention. The
parties discnssed proposed amendments to clanty the differences o the claims from the Oku
reference. Although the parties could not come to agreement on the aliowability of the claims,
Applicant thanks Examiner He for the courtesies extended during the interview and the opportunity

to better understand the reasoning behind the rejection.

Amendments to the Specification
Apphicant submiis that the arendments 1o 9§ [00145], [00154], [00163], [00169], [00178-
791, [00182-83], and [00186-88] and Tables I and II of the Specification as filed add no new

matter, and merely correct typographical and graramatical informalities,
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Liguble Potenting

In the Office Action, claims 1-8, 13, and 18-30 siand rejected on the grounds of
nonstatutory double patenting as allegedly being unpatentable over claims 1 and 4 of US. Patent
Moo 9,709,548 (hercinafter, the “548 patent) in view of Non-Patent Literature “A new planar
multielectrode array for extracellular recording: application to hippocampal acute slice”
(hereinafter, Oka).

The Office Action admits that claims 1 and 4 of the "548 patent do not cover that the
electronic circuity comprises roultiple analogue-to-digital conversion channels, and cites 1o Ok
to cure these deficiencies. The Office Action alleges on page 4 that Oka discusses “a system for
monitoring cells, the system comprising electronic circuitry including multiple analogue-to-digital

conversion channels to perform signal conversion in parallel across multiple wells.”

Claim 1, as amended, recites, in part, an “impedance analyzer including a plurality of
analogue-to-digital conversion channels coupled to the plurality of electrode arrays, wherein the
impedance analyzer monitors the electrode arrays at millisecond time resolution between first
measurements of the cell-substrate impedance and second measurements of the cell-substrate
impedance for each well”.

Applicant submits that Oka does not discuss the above elements claim 1 as Oka does not
include any analogue-to-digital conversion channels in an impedance analyzer. Indeed, Figure 2
of Oka shows that the elements identified from Oka as analogue-to-digital conversion channels are
not included in the element identified as the impedance analyzer.

Moreover, Oka uses a switch to connect the AD-C to different electrodes at different times
and is therefore not performing measurements for each well’s electrode as is claimed for the
independent analysis of samples in the wells, but rather processing measurements from among a
collective of several electrodes (e.g., inter-array processing vs. intra-array). Stated differently,
Oka does not monitor individual electrode arrays of the plurality of electrode arrays. Indeed, Oka
states in § 2.2.3 that the sample is “positioned to cover the 8x8 array” indicating that the
measurement of the sample is not conducted from the individual wells, but from the entire MED

probe as a collective. Figure 3A of Oka shows the sample placed over the probe to cover a

315695196.1

Axion Exhibit 1002
Axion v. Agilent
Page 188



21
Application No. 17/993,716 Docket No.: 20191134-16 (A2185-9003)
Amendment dated June 23, 2023
Response to Non-Final Rejection of March 28, 2023

collective set of the electrodes; not in individual wells holding individual samples. Figure 3A of
Oka shows the sample placed over the probe to cover a collective set of the electrodes; not in
individual wells holding individual samples. Indeed, Oka discusses in relation to the caption for
Figure 3 that eight electrodes (indicated in Figure 3A as 1-8) are used to measure, in common, a
field potential generated in a cell sample by two additional electrodes (indicated in Figure 3A as +
and -). As each of the electrodes 1-8 receive the same signal from electrodes + and - in Oka, these
measurements are not performed by each individual electrode array. Moreover, as electrodes + and
- are used to deliver the impulse that generates the field effect in the sample that electrodes 1-8
measure, at least electrodes + and - are not measuring, analyzing, or monitoring an impedance, as

is recited.

Clatm 1€, as amended, recites, in part, “a plurality of analog-to-digital (A2D) signal
converters arranged in parallel to one another ... wherein each well comprises one electrode array
of a plurality of electrode arrays fabricated on the nonconductive substrate that is connected the
plurality of A2D signal converters”

Applicant submits that Oka does not discuss the above elements of claim 18 as Oka is
performing inter-array processing as is claimed for the independent analysis of samples in the
wells, but rather intra-array processing from among a collective of several electrodes. Indeed, Oka
states in section 2.2.3 that the sample is “positioned to cover the 8x8 array” indicating that the
measurement of the sample is not conducted from the individual wells, but from the entire MED
probe as a collective. Figure 3A of Oka shows the sample placed over the probe to cover a
collective set of the electrodes; not in individual wells holding individual samples. Figure 3A of
Oka shows the sample placed over the probe to cover a collective set of the electrodes; not in
individual wells holding individual samples. Indeed, Oka discusses in relation to the caption for
Figure 3 that eight electrodes (indicated in Figure 3A as 1-8) are used to measure, in common, a
field potential generated in a cell sample by two additional electrodes (indicated in Figure 3A as +
and -). As each of the electrodes 1-8 receive the same signal from electrodes + and - in Oka, these
measurements are not performed by each individual electrode array. Moreover, as electrodes + and

- are used to deliver the impulse that generates the field effect in the sample that electrodes 1-8
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measure, at least electrodes + and - are not measuring, analyzing, or monitoring an impedance, as

is recited.

Claim 24, as amended, recites, in part, “an impedance analyzer that monitors, in association
with individual cell samples in individual wells of the plurality of wells via each individual
electrode array of the plurality of electrode arrays, a cell-substrate impedance between the first
electrode structure and the second electrode structure across a cell sample attached in a
corresponding well of the plurality of wells;

Applicant submits that Oka does not monitor a plurality of cell-substrate impedances
associated with individual cell samples in individual wells of the plurality of wells. Indeed, Oka
states in section 2.2.3 that the sample is “positioned to cover the 8x8 array” indicating that the
measurement of the sample is not conducted from the individual wells, but collectively from the
entire MED probe as a collective. Figure 3A of Oka shows the sample placed over the probe to
cover a collective set of the electrodes; not in individual wells holding individual samples. Indeed,
Oka discusses in relation to the caption for Figure 3 that eight electrodes (indicated in Figure 3A
as 1-8) are used to measure, in common, a field potential generated in a cell sample by two
additional electrodes (indicated in Figure 3A as + and -). As each of the electrodes 1-8 receive the
same signal from electrodes + and - in Oka, these measurements are not performed by each
individual electrode array. Moreover, as electrodes + and - are used to deliver the impulse that
generates the field effect in the sample that electrodes 1-8 measure, at least electrodes + and - are
not measuring, analyzing, or monitoring an impedance, as is recited. Figure 3A of Oka shows the
sample placed over the probe to cover a collective set of the electrodes; not in individual wells
holding individual samples. Indeed, Oka discusses in relation to the caption for Figure 3 that eight
electrodes (indicated in Figure 3A as 1-8) are used to measure, in common, a field potential
generated in a cell sample by two additional electrodes (indicated in Figure 3A as + and -). As
each of the electrodes 1-8 receive the same signal from electrodes + and - in Oka, these
measurements are not performed by each individual electrode array. Moreover, as electrodes + and
- are used to deliver the impulse that generates the field effect in the sample that electrodes 1-8
measure, at least electrodes + and - are not measuring, analyzing, or monitoring an impedance, as

is recited.
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As Oka does not describe the claimed elements in any of claims 1, 18, or 24 related to the
electronic circuitry as set forth in the claims, Applicant respectfully submits that Oka cannot be
used to maintain a rejection of double patenting. Accordingly, Applicant respectfully requests that

the rejections be withdrawn.

Hejections Under 35 UK 8 102

In the Office Action, claims 1-13 and 16-30 stand rejected under 35 U.S.C. § 102 as
allegedly being anticipated by Non-Patent Literature “A new planar multielectrode array for
extracellular recording: application to hippocampal acute slice” (hereinafter, Oka).

Applicant respectfully disagrees that Oka anticipates the currently presented claims for at

least the following reasons:

L Oka does not discuss a plurality of wells as is claimed

As amended, claim 1 recites, in part, “a multiwell plate comprising a plurality of wells
on a nonconductive substrate, wherein each of the plurality of wells comprises an electrode array
of a plurality of electrode arrays.” (emphasis added).

As amended, claim 18 recites, in part, “a well plate comprising a plurality of wells on a
nonconductive substrate, wherein each well comprises one electrode array of a plurality of
electrode arrays”. (emphasis added).

As amended, claim 24 recites, in part, “a well plate comprising a plurality of electrode
arrays formed on a nonconductive substrate, wherein each electrode array of the plurality of
electrode arrays is disposed in a corresponding well of a plurality of wells defined by the well
plate and includes a first electrode structure and a second electrode structure” (emphasis added).

Although the Examiner identifies a plurality of wells/microelectrodes in Figure 1A of Oka,
(see, Office Action, page 6), Applicant respectfully submits that the Examiner is either conflating
the microelectrodes and wells or is engaging in hindsight to describe the device of Oka as having
a plurality of wells, and that Oka only discusses either no wells or a single well; not a plurality.

Applicant notes that Oka is titled “A new planar multielectrode array for extracellular

recording: application to hippocampal acute slice” (emphasis added). As will be commonly
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understood, a “well” refers to a structure having a depth - and is therefore not a planar structure.
At no point in Oka are the electrodes of the multielectrode array discussed as being disposed in a
well, depression, or other non-planar feature. Indeed, Oka discusses in § 2.1 that the electrodes are
surrounded by a glass ring “to form a culture chamber”, but that the height of that glass ring is “0
mm”. This is consistent with the image shown in Figure 3A of Oka in §3.1, which shows a
“contrast microphotograph of the rat hippocampal slice as positioned on the MED probe” that
covers the planar probe and extends outward therefrom with no sign of being affected by a non-
planar structure. As Oka is silent on its MED probe having a depth, and indicates that the samples
are placed in a planar arrangement with no indication of containment, Applicant submits that Oka
does not discuss or suggest even one well, let alone a plurality of wells. However, even assuming,
for the sake of argument, that the multi-electrode dish (MED) of Oka were non-planar, such a
structure would only describe a single well - not a plurality of wells.

Although Oka recites in § 2.1 a “square hole centered on each” of the microelectrodes, a
review of Figure 1B of Oka that these square holes are filled with platinum black - indeed Oka
laterin § 2.1 after introducing these holes that “Finally, 64 microelectrodes were electroplated with
platinum black”; indicating that the array does not include the holes in its final form. However, for
the sake of argument, if these filled square holes were considered to describe a plurality of wells,
application notes that these holes do not comprise “an electrode array” as each is associated with
a single electrode; not an array, which is described in each of the independent claims as including
two structures.

Accordingly, Applicant submits that Oka cannot anticipate claims 1, 18, or 24 for at least

not describing a plurality of wells as claimed.

IL. Oka does not discuss measuring a cell-substrate impedance as is claimed

As amended, claim 1 recites, in part, “an impedance analyzer that independently measures
a cell-substrate impedance in each well, the cell-substrate impedance being measured between a
first electrode structure and a second electrode structure of the electrode array and across a cellular
sample comprising a plurality of cells attached within each well”.

As amended, claim 18 recites, in part, “the impedance analyzer measures. .. a first plurality

of cell-substrate impedances at a first time and a second plurality of cell-substrate impedances at
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a second time, the first plurality of cell-substrate impedances and the second plurality of cell-
substrate impedances being measured between a first electrode structure and a second electrode
structure in the electrode array and across a cell sample attached within each well of the plurality
of wells”.

As amended, claim 24 recites, in part, “an impedance analyzer that monitors, in association
with individual cell samples in individual wells of the plurality of wells via each individual
electrode array of the plurality of electrode arrays, a cell-substrate impedance between the first
electrode structure and the second electrode structure across a cell sample attached in a
corresponding well of the plurality of wells”.

Applicant submits that a cell-substrate impendence, as defined in the independent claims,
is not the same as the impedance measured in Oka. The Examiner in page 6 of the Office Action
identifies the LCR meter of Oka from § 3.1 or the computer shown in Figure 2 as measuring an
impedance; neither of which is the same as a cell-substrate impedance as claimed.

The LCR meter from § 3.1 of Oka is discussed in relation to the effectiveness of various
coating procedures for the electrodes. This effectiveness was “investigated by impedance
measurement at 1 kHz between the microelectrode and the medium” which was suggested by
different impedances with a slice of hippocampal tissue on different coatings of the electrodes. An
impedance between an electrode and a medium, even with a tissue sample placed therebetween, is
not the same as “an impedance between the first electrode structure and the second electrode
structure” nor does such a measurement determine whether such as sample is attached to “the
nonconductive substrate between the first electrode structure and the second electrode structure”.
As recited in §2.2.3 of Oka, the medium is “DMEM:F-12 mixed medium containing 10% fetal
bovine serum and 10% horse serum,” which is neither nonconductive, nor the substrate on which
the electrode structures are disposed. Accordingly, the measurement performed by the LCR meter
of Oka is not a cell-substrate impedance as is claimed.

Oka s also silent with respect to the computer from Figure 2 on monitoring a cell-substrate
impedance as is claimed. Oka discusses in § 3.2 that field potentials are recorded at the
microelectrodes in the recording region, which are reported to the computer. Even if these readings
were for an electrical value “between the first electrode structure and the second electrode structure

across a cell sample” such a reading is not an impedance - and at best would merely be a resistance
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or a resistance component of an impedance. These readings are reported (as per § 3.3) in millivolts
(mV) in response to a constant current pulse measured in microamperes (LA) (as per the
discussion in relation to Figure 3). Applicant submits that a signal of a “constant current” would
be understood by one of ordinary skill in the art to refer to a direct current (DC) signal; not an
alternating current (AC) signal. Because, as is explained in 4 [0066] of Applicant’s specification
and will be understood by one of ordinary skill in the relevant art, impedance includes both
resistance and reactance components, and a reactance component is measured via an AC signal
having a frequency or known waveform. Although a DC signal, such as the constant current pulse
of Oka, can be used to derive the resistance component of an impedance, such a signal cannot
determine the reactance component of the impedance. Accordingly, the constant current pulses of
Oka cannot be used by the computer of Oka to measure, monitor, or derive an impedance as is
claimed.

Accordingly, Applicant submits that Oka cannot anticipate claims 1, 18, or 24 for at least

not describing a cell-substrate impedance as claimed.

1.  Oka does not discuss that each of the electrode arrays are disposed in corresponding
wells as is claimed

As amended, claim 1 recites, in part, “an impedance analyzer that independently measures
a cell-substrate impedance in each well, the cell-substrate impedance being measured between a
first electrode structure and a second electrode structure of the electrode array” (Emphasis
added).

As amended, claim 18 recites, in part, “wherein each well comprises one electrode
array of a plurality of electrode arrays... the impedance analyzer-measures, ... a first plurality
of cell-substrate ... measured between a first electrode structure and a second electrode
structure in each electrode array and across a cell sample attached within each well of the
plurality of wells” (Emphasis added).

As amended, claim 24 recites, in part, “wherein each electrode array of the plurality of
electrode arrays is disposed in a corresponding well of a plurality of wells defined by the well
plate and includes a first electrode structure and a second electrode structure” (emphasis

added).
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As discussed in relation to section I of the present response, Applicant submits that Oka
does not discuss a plurality of wells that each include an electrode array. As discussed in relation
to section II of the present response, Applicant submits that Oka does not measure an impedance
as claimed. However, for sake of argument, even if Oka did discuss a well that includes an
electrode array and measuring a cell-substrate impedance in that well, Oka is silent on each well
having an electrode array including a first electrode structure and a second electrode structure.

Under the interpretation that the entire MED probe of Oka is equivalent to a well, Oka
cannot not include each electrode array in a corresponding well, as there would be only one well
in which the collection of electrodes of Oka be disposed in. Therefore, no other well with
electrodes exists in Oka to comprise a plurality of electrode arrays. Stated differently, if the region
of Oka’s probe that contains the electrodes were a well, that one well would contain all of the
electrodes and therefore no other electrode array would exist to be disposed in another well of a
plurality of wells.

Under the interpretation that the square holes of Oka are equivalent to wells, those holes
do not include an electrode array that includes a first electrode structure and a second electrode
structure - each hole includes a single structure.

Accordingly, Applicant submits that Oka cannot anticipate claims 1, 18, or 24 for at least
not describing each well including an electrode with first and second electrode structures as

claimed.

IV.  Oka does not discuss taking any sort of measurements from each of the electrode
arrays as is claimed

As amended, claim 1 recites, in part, “an impedance analyzer that independently measures
a cell-substrate impedance in each well”.

As amended, claim 18 recites, in part, “wherein individual time period analyses of the
plurality of time period analyses are associated with individual wells of the plurality of wells”
(emphasis added).

As amended, claim 24 recites, in part, “an impedance analyzer that monitors, in association
with individual cell samples in individual wells of the plurality of wells via each individual

electrode array of the plurality of electrode arrays, a cell-substrate impedance between the first
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electrode structure and the second electrode structure across a cell sample attached in a
corresponding well of the plurality of wells” (emphasis added).

Regardless of what type of measurements Oka actually discusses, Applicant submits that
Oka explicitly does not independently measure, analyze, monitor or otherwise take any sort of
measurements from each of the wells, as defined in the independent claims. Indeed, Oka discusses
in relation to Figure 3 that eight electrodes (indicated in Figure 3A as 1-8) are used to measure, in
common, a field potential generated in a cell sample by two additional electrodes (indicated in
Figure 3A as + and -). As each of the electrodes 1-8 receive the same signal from electrodes + and
- in Oka, these measurements are not performed by each individual electrode array. Moreover, as
electrodes + and - are used to deliver the impulse that generates the field effect in the sample that
electrodes 1-8 measure, at least electrodes + and - are not measuring, analyzing, or monitoring an
impedance, as is recited in the independent claims that each of the individual electrode arrays do.

Accordingly, Applicant submits that Oka cannot anticipate claims 1, 18, or 24 for at least

not describing taking measurements from each of the electrode arrays as claimed.

Applicant notes that the dependent claims include the elements not anticipated by Oka
found in their respective independent claims 1, 18, or 24. Accordingly, for at least the reasons set
forth above, the dependent claims are not anticipated by Oka. Moreover, the dependent claims
include additional elements that further differentiate the claims from what is discussed in Oka.
Accordingly, Applicant respectfully requests that the rejections under 35 U.S.C. § 102 be

withdrawn, and the claims be allowed.

Rejections Under 35 US L § 183
In the Office Action, claim 14 and 15 stand rejected under 35 U.S.C. § 103 as allegedly
being unpatentable over Oka in view of the alleged skill of the person of ordinary skill in the art
at the effective filing date of the invention.
Applicant submits that claims 14 and 15 have been cancelled in this response; rendering

the rejections moot.
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Application No. 17/993,716 Docket No.: 20191134-16 (A2185-9003)
Amendment dated June 23, 2023
Response to Non-Final Rejection of March 28, 2023

Conclusion

For the foregoing reasons, Applicant respectfully requests reconsideration of the above
identified patent application, and earnestly requests an early allowance of the same. In the event
there remains any impediment to allowance of the claims that could be clarified in a telephonic
interview, the Examiner is respectfully requested to initiate such an interview with the

undersigned.

Applicant does not believe any fee is due in connection with this response. However, the
Commissioner is authorized to charge any fee that may be required or to credit any overpayment
to Deposit Account No. 02-1818. If any such charges are applied, please indicate Attorney Docket
No. A2185-9003 (20191134-16) (0528696.00002) on the account statement.

Dated: June 23, 2023 Respectfully submitted,

Electronic signature: /William Fortunato /

William Fortunato
Registration No.: 76,212

K&L GATES LLP

301 Hillsborough Street

Suite 1200

Raleigh, NC 27603

Phone: 919-831-7088
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
188545 7590 07/19/2023
Agilent Technologies, Inc./K&L Gates LLP HE, AMY
Global IP Operations
5301 Stevens Creek Blvd, 1A-PB | ART UNIT PAPER NUMBER |
Santa Clara, CA 95051 2858
DATE MAILED: 07/19/2023
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
17/993,716 11/23/2022 Xiaobo Wang 20191134-16 1061

TITLE OF INVENTION: LABEL-FREE MONITORING OF EXCITATION-CONTRACTION COUPLING AND EXCITABLE CELLS USING
IMPEDANCE BASED SYSTEMS WITH MILLISECOND TIME RESOLUTION

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 10/19/2023

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 40% the amount of undiscounted fees, and micro entity fees are 20% the amount of
undiscounted fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part B is filed, a request to reapply a previously paid issue fee must be
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate.
All further correspondence will be mailed to the current correspondence address as indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new
correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. Because electronic patent issuance may occur shortly after issue
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency.
Note: A certificate of mailing can only be used for domestic mailings of the
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

1_885 45 5 90_ 07/19/2023 Certificate of Mailing or Transmission

Agllent Technologles, Inc./K&L Gates LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
; States Postal Service with sufficient postage for first class mail in an envelope
Global IP Operations addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
5301 Stevens Creek Blvd, 1A-PB the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Santa Clara, CA 95051 (Typed or printed name))
(Signature)|
(Date)|
| APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

17/993,716 11/23/2022 Xiaobo Wang 20191134-16 1061

TITLE OF INVENTION: LABEL-FREE MONITORING OF EXCITATION-CONTRACTION COUPLING AND EXCITABLE CELLS USING

TIMPEDANCE BASED SYSTEMS WITH MITLISECOND TIME RESOIUTION
APPLN. TYPE ENTITY STATUS ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 10/19/2023
| EXAMINER ART UNIT | CLASS-SUBCLASS |
HE, AMY 2858 506-010000
ng%h?%gé(;f correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

M| Change of correspondence address (or Change of Correspondence
Address form PTO/ATA/122 or PTO/SB/122) attached.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
AIA/A7 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individuat [ Corporation or other private group entity (] Government

4a. Fees submitted: [Missue Fee [IPublication Fee (if required)
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via Patent Center or EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)
NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue

4 Applicant certifying micro entity status. See 37 CFR 1.29 fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken

[ Applicant asserting small entity status. See 37 CFR 1.27 to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

M| Applicant changing to regular undiscounted fee status. entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/993,716 11/23/2022 Xiaobo Wang 20191134-16 1061
| EXAMINER |
188545 7590 07/19/2023
Agilent Technologies, Inc./K&L Gates LLP HE, AMY
Global IP Operations
5301 Stevens Creek Blvd, 1A-PB | ART UNIT PAPER NUMBER |
Santa Clara, CA 95051 2858

DATE MAILED: 07/19/2023

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration

of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,

or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility

to recommend improvements in records management practices and programs, under authority of 44 U.S.C.

2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection

of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall

not be used to make determinations about individuals.
8. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of

the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record

may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed

in an application which became abandoned or in which the proceedings were terminated and which application

is referenced by either a published application, an application open to public inspection or an issued patent. .
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Application No. Applicant(s)
; . 17/993,716 Wang et al.
Notice of Allowabilily Examiner ArtUnit | AlA (FITF) Status
AMY HE 2858 No

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included

herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.[¥) This communication is responsive to the amendment dated June 23, 2023.

[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are See Continuation Sheet . As a result of the allowed claim(s), you may be eligible to benefit from the
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more

information, please see http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to
PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) JAIl b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(3 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6.[] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.[J Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.(1J Information Disclosure Statements (PTO/SB/08), 6. Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. [0 Other .

of Biological Material

4.7 Interview Summary (PTO-413),
Paper No./Mail Date.

/AMY HE/

Primary Examiner, Art Unit 2858

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20230713
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Continuation Sheet (PTOL-37) Application No. 17/993,716

Continuation of 3. The allowed claim(s) is/are: 1-2,4,6,9-13,18,24 and 31-49
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Application/Control Number: 17/993,716 Page 2
Art Unit: 2858

Notice of Pre-AlA or AIA Status

1. The present application is being examined under the pre-AlAfirst to invent provisions.
2. Claims 1, 2, 4, 6, 9-13, 18, 24, 31-49 are allowed.

REASONS FOR ALLOWANCE
3. The following is an examiner’s statement of reasons for allowance:

Claims 1, 2, 4, 6 and 9-13 and 31-36 are allowable because none of the prior art discloses or
fairly suggests an apparatusfor continuous, label free, real-time monitoring of cells using impedance-
based analysis, the apparatus comprising: a) multiwell plate comprising a plurality of wellson a
nonconductive substrate, wherein each of the plurality of wells comprises an electrode arrayof a
plurality of electrode arrays; b) an impedance analyzerthatindependently measures a cell-substrate
impedance at each well, the cell-substrate impedance being measured between afirst electrode
structure and a second electrode structure of the electrode arrayand across a cellular sample
comprising a plurality of cells disposed within eachwell, the impedance analyzer including atleast two
analogue-to-digital conversion channels, wherein the impedance analyzer monitors the electrode arrays
at millisecond time resolution between first measurements of the cell-substrate impedance and second
measurements of the cell-substrate impedance for each well; and c) a software programthat analyzes
the first measurements and the second measurementsto produce a time period analysis of the cellular
sample, and in the combination as claimed in claim 1.

Claims 18 and 37-42 are allowable because none of the prior art discloses or fairly suggesta
system for continuously monitoring cells in realtime, label free, with impedance-based analysis, the
system comprising: a) a plurality of analog-to-digital (A2D) signal converters electricallyarrangedin
parallel to one another; b) a well plate comprising a plurality of wells on a nonconductive substrate,

wherein each well comprises one electrode array of a plurality of electrode arrays disposed on the
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Application/Control Number: 17/993,716 Page3
Art Unit: 2858

nonconductive substrate; c) an impedance analyzer that measures a first plurality of cell-substrate
impedances at afirst time and a second plurality of cell-substrate impedances at a second time, the first
plurality of cell-substrate impedances and the second plurality of cell-substrate impedances being
measured between a first electrode structure and a second electrode structure in each electrode array
and across a cell sample attached withineach well of the plurality of wells; and d) a software program
that analyzes thefirst plurality of cell-substrate impedances and the second plurality of cell-substrate
impedances to produce a plurality of time period analyses associated with individual wells of the
plurality of wells, and in the combination as claimed in claim 18.

Claims 24 and 43-49 are allowable because none of the prior art discloses or fairly suggests a
system for continuously monitoring cells in realtime, label free, with impedance-based analysis, the
system comprising: a) a well plate comprising a plurality of electrode arrays, wherein each electrode
arrayis disposed in a corresponding well of a plurality of wells defined by the well plate and includes a
first electrode structure and a second electrode structure; b) an impedance analyzerthat monitors, in
association with individual cell samples in individual wells of the plurality of wells via each individual
electrode array of the plurality of electrode arrays, a cell-substrate impedance betweenthe first
electrode structure and the second electrode structure across a cell sample disposed in a corresponding
well of the plurality of wells; c) electronic circuitry that electrically connects the plurality of electrode
arraysto the impedance analyzer; and d) a software programthat analyzes the continuously monitors
each cell sample via the plurality of cell-substrate impedances across an analysis period of time with
measurements recorded at a sampling time resolution during the period of time, and in the combination
as claimed in claim 24.

Any comments considered necessary by applicant must be submitted no later than the payment
of theissue fee and, to avoid processing delays, should preferably accompany the issue fee. Such

submissions should be clearlylabeled “Comments on Statement of Reasons for Allowance.”
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Application/Control Number: 17/993,716 Page 4
Art Unit: 2858

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner
should be directedto AMY HE whose telephone number is (571)272-2230. The examiner can normally
be reached 9:00am--5:00pm.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attemptsto reachthe examiner by telephone are unsuccessful, the examiner’ssupervisor, Huy
Phan can be reached on (571) 272-7924. The fax phone number for the organization where this
application or proceeding is assighed is 571-273-8300.

Information regarding the status of published or unpublished applications may be obtained from
Patent Center. Unpublished application information in Patent Center is available to registered users. To
file and manage patent submissions in Patent Center, visit: https://patentcenter.uspto.gov. Visit
https://www.uspto.gov/patents/apply/patent-center for more information about Patent Centerand
https://www.uspto.gov/patents/docx for information about filing in DOCX format. For additional
guestions, contactthe Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like
assistance from a USPTO Customer Service Representative, call 800-786-9199 (IN USA OR CANADA) or

571-272-1000.

/AMY HE/
Primary Examiner, Art Unit 2858
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Doc code: RCEX PTO/SB/30EFS (01-22)

Doc description: Request for Continued Examination (RCE) Approved for use through 05/31/2024. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application Filing Docket Number Art

Number 17993716 Date 2022-11-23 (f applicable) A2185-9003 (20191134-16) Unit 2858
First Named Xiaobo Wang Examiner A He

Inventor Name

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design application. The Instruction Sheet for this form is located at WWW.USPTO.GOV

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order
in which they were filed uniess applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s)
entered, applicant must request non-entry of such amendment(s).

D Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is not checked.

[] consider the arguments in the Appeal Brief or Reply Brief previously filed on

[] Other

Enclosed

[] Amendment/Reply
Information Disclosure Statement (IDS)

D Affidavit(s)/ Declaration(s)

Other
PETITION TO WITHDRAW APPLICATION FROM ISSUE PURSUANT TO 37 C.F.R. § 1.313(c)(2)

MISCELLANEOQCUS

D Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months
(Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

[] Other

FEES

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No 02-1818

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

Patent Practitioner Signature
[[1 Applicant Signature
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Doc code: RCEX

Doc description: Request for Continued Examination (RCE)

PTO/SB/30EFS (01-22)

Approved for use through 05/31/2024. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Signature of Registered U.S. Patent Practitioner

Signature

/David Lu/

Date (YYYY-MM-DD)

2023-11-23

Name

David Lu

Registration Number

65,769

This collection of information is required by 37 CFR 1.114. The information is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any commentis on the amount of time you require to complete this form and/or suggestions for
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce,
P.O. Box 1450, Alexandria, VA 22313-1450.

EFS - Web 2.1.16

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be
advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information
solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office
is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (56 U.S.C. 552) and the Privacy Act (56 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization,
pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Doc code: IDS PTO/SB/08a (01-22)

e . . . Approved for use through 05/31/2024. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERGE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 17993716
Filing Date 2022-11-23

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Xiaobo Wang
Art Unit 2858

Examiner Name A. He

Attorney Docket Number A2185-9003 (20191134-16)

U.S.PATENTS

Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns Lines where

o Patent Number Issue Date : Relevant Passages or Relevant
Initial No Code!? of cited Document .

Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS

Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where

o Cite No : Relevant Passages or Relevant
Initial Number Codel| Date of cited Document

Figures Appear

If you wish to add additional U.S. Published Application citation information please click the Add button.

FOREIGN PATENT DOCUMENTS
Name of Patentee or Pages,Columns Lines
Examiner| Cite | Foreign Document | Country Kind | Publication Aoplicant of cited where Relevant T5
Initial* No | Number3 Code2j Code?| Date P Passages or Relevant
Document .
Figures Appear
1 []
If you wish to add additional Foreign Patent Document citation information please click the Add button
NON-PATENT LITERATURE DOCUMENTS
. .. | Include name of the author (in CAPITAL LETTERS), title of the article {(when appropriate), title of the item
Examiner| Cite o . . :
e (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), E
Initials No . : .
publisher, city and/or country where published.
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Application Number 17993716
Filing Date 2022-11-23

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Xiaobo Wang
Art Unit 2858

Examiner Name A. He

Attorney Docket Number A2185-9003 (20191134-16)

1 YANG et al., "Tri-iodo-L-Thyronine Promotes the Maturation of Human Cardiomyocytes-Derived from Induced D
Pluripotent Stem Cells," Journal of Molecular and Cell Cardiology (2014) Vol. 72, 296-304

5 International Search Report and Written Opinion for International Application No. PCT/US2009/033801 dated October D
30, 2009.

If you wish to add additional non-patent literature document citation information please click the Add button
EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Inciude copy of this form with next communication to applicant.

" See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.

4 Kind of document by the appropriate symbols as indicated on the document under WIPQO Standard ST.16 if possible. 5 Applicant is to place a check mark here if
English language translation is attached.
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Application Number 17993716
Filing Date 2022-11-23

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Xiaobo Wang
Art Unit 2858

Examiner Name A. He

Attorney Docket Number A2185-9003 (20191134-16)

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[ | from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonabile inquiry, no item of information contained in the information disclosure statement was known to

[ 1 any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[ ] See attached certification statement.
[[] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /David Lu/ Date (YYYY-MM-DD) 2023-11-23

Name/Print David Lu Registration Number 65,769

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of faw or regulation.
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent's file reference FOR FURTHER : see Form PCT/ISA/220

11027A PCT ACTION as well as, where applicable, item 5 below.
International application No. international filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/US2009/033801 11/02/2009

Applicant

BRISTOL-MYERS SQUIBB COMPANY

Thzs international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

. This international search report consists of a total of 4 sheets.

it is aiso accompanied by a copy of each prior art document cited in this report.

1. Basis of the report

4. With regard to the title,

5. With regard to the abstract,

6. With regard to the drawings,

a. With regard to the language, the international search was carried out on the basis of:
- the international application in the language in which it was filed

D a translation of the international application into , which is the language
of a translation furnished for the purposes of international search {Rules 12. 3(a) and 23.1(b}))

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or nofified to this Authority under Rule 91 (Rule 43.6bis(a)). ’

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. [.
2. _ D Certain claims were found unsearchable (See Box No. |l)

3. [] unity of invention is lacking (see Box No Iil)

the text is approved as submitted by the applicant
D the text has been established by this Authority to read as follows:

[] thetextis approved as submitted by the applicant

the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority

a. the figure of the drawings to be published with the abstract is Figure No.

[[] assuggestedby the applicant

D as selected by this Authority, because the applicant failed to suggest a figure

D as selected by this Authority, because this figure better characterizes the invention
b. D none of the figures is to be published with the abstract

Form PCT/ISA/210 (first sheet) (April 2007)
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internationat application No.

INTERNATIONAL SEARCH REPORT PCT/US2009/033801

Box No. IV Text of the abstract (Continuation of item 5 of the first sheet)

The inven}:ion encompasses selected compounds of formula I as well as
compositions and methods of using the compounds. The compounds have activity
against hepatitis C virus (HCV} and are useful in treating those infected with
"HCV. .

R? ’
| - X f
R! N !
Pamd@
=X 5
R4 R
I

Form PCT/ISA/210 {continuation of first sheet (3}) (April 2005)
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/033801

A. CLASSIFIC ON OF SUBJECT MATTER - -
INV. oC07DA87/04 'A61K31/55 =~ A61P31/14

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

CO7D A61K

Documentation searched other than minimum documentation to the exient that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, CHEM ABS Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages ‘ Relevant to claim No.

E ) WO 2009/029384 A (SQUIBB BRISTOL MYERS CO 1-5
[US]; MARTIN SCOTT W [US]; BERGSTROM CARL
P [U) 5 March 2009 (2009-03-05)

the whole document

A WO 2007/092888 A (SQUIBB BRISTOL MYERS CO 1-5
[US]; BERGSTROM CARL P [US]; MARTIN SCOTT
W [U) 16 August 2007 (2007-08-16)

A WO 2007/033175 A (SQUIBB BRISTOL MYERS CO - 1-5
[US]; BERGSTROM CARL P [US]; BENDER JOHN A
[US) 22 March 2007 (2007-03-22)

D Further documents are listed in the continuation of Box C. E See paient family annex.

* Special categories of cited documents : . . | )
"T" later document published after the international filing date

.pn - P or priority date and not in conflict with the application but
A" document defining the general state of the art which is not i iyl i
considered to be of particular relevance ﬁt/ee‘:l :g) l\:n(:lersland the principle or theory underlying the
g earﬁie"ggc”mem but published on or after the international *X* document of particular relevance; the claimed invention
fling cate cannot be considered novel or cannot be considered to
“* docun:‘em which may tg‘row doubis on priority claim(s) or involve an inventive step when the document is taken alone
. which is cited to establish the publication date of another *v* document of i . i i i
it " P panriicular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
‘0" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ) ‘ ments, such combination being obvious 10 a person skilled
*P* document published prior to the international filing date but inthe art.
later than the priority date claimed “‘&" document member of the same patent family
Date of the actual compietion of the international search Date of mailing of the intemational search report
21 October 2009 30/10/2009
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. -7 -2040, s 5
SN S Bardili, Burkhart

Form PCT/ISA/210 (second sheet) (April 2005)
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INTERNATIONAL SEARCH REPORT

information on patenf family members

international application No

PCT/US2009/033801
Patent document Publication Patent family Publication
cited in search report .date member(s) date
WO 2009029384 A 05-03-2009 CL 23532008 Al 24-10-2008
PE 06182009 Al 16-05-2009
us 2009074715 Al 19-03-2009
WO 2007092888 A 16-08-2007 AU 2007211988 Al 16-08-2007
' CN 101379066 A 04-03-2009
EP 1987038 A2 05-11-2008 -
JP 2009526081 T 16-07-2009
KR 20080102161 A 24-11-2008
’ US 2007185083 Al 09-08-2007
W0 2007033175 A 22-03-2007 AR 055165 Al 08-08-2007

Form PCT/1SA/210 (patent family annex) (April 2005)
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PATENT COOPERATION TREATY

s
L
f"‘ From the

- INTERNATIONAL SEARCHING AUTHOR

| ] PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

see form PCTASA220

Date of mailing
(day/month/ear) see form PCTASA210 (second sheet)

Appliéant's or agent's file reference v : FOR FURTHER ACTION

see form PCTASAR220 See paragraph 2 below

International application No. . Imemational filing date (dayfnonthfear) Priority date (day/nonth#ear)
PCTAUS2009/033801 11.02.2008

International Patent Classification (IPC) or both national classification and IPC

INV. C07D487/04 A61K3155 A61P31/14

Applicant
BRISTOL- MYERS sSQuUIBB COMPANY

1.  This opinion contains indications relating to the following items:

Box No. | Basis of the opinion
Box No. 1i Priority 4 )
Box No. Il Non-establishment of opinion with regard to noveity, inventive step and industrial applicability

Box No. IV Lack of unity of invention

BoxNo.V  Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Box No. VI  Certain documents cited
Box No. VIl Certain defects in the international application

COR RODOK

Box No. Vill Certain observations on the international application
2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will usually be considered to be a
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
international Bureau under Rule 66.1bis(b) that written opinions of this Internatlonal Searching Authority

will not be so considered. .

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to
submit to the IPEA a written reply together where appropriate, with amendments, before the expiration of 3 months

from the date of mailing of Form PCTASA/220 or before the expiration of 22 months from the priority date,
whichever expires later.

For further options, see Form PCTASA/220.
3. For further details, see notes to Form PCTASA220.

Name and mailing address of the ISA: Date of completion of ~ | Authorized Officer -
. this opinion. & o o
European Patent Office . j 3
@ Pe S 10 Bardili, Burkhart H 0)» E
— — D-80298 Munich %, &
Tel. +49 89 2399 -0 Telephone No. +49 89 2399-2132 a0
" Fax: +49 89 2399 - 4465 .
Form PCTASAR37 (Cover Sheet) (April 2005) ) Axion Exhibit 1002
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WRITTEN OPINION OF THE - ' International application No.
INTERNATIONAL SEARCHING AUTHORITY . PCTAJS2009/033801

Box No.1 Basis of the opinion

1. With regard to the language, this opinion hasvbeen established on:the basis of:

& the international application in the language in which it was filed

O a translation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

2. O This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and
necessary to the claimed invention, this opinion has been established on the basis of:

a. type of material:
0 asequence listing
O table(s) related to the sequence listing

b. format of material:
O on paper
& in electronic form

¢. time of filingfurnishing:
EI’ contained in the international application as filed.
[0 filed together with the international application in electronic form.
O furnished subsequently to this Authority for ;he purposes of search.

4. [0 In addition, in the case that more than one version or copy of a sequence listing and/r table relating thereto-
has been filed or furnished, the required statements that the information in the subsequent or additional

copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished. )

5. Additional comments:

Form PCTASA/237 (April 2007) Axion Exhibit 1002
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. WRITTEN OPINION OF THE International application No.
] INTERNATIONAL SEARCHING AUTHORITY PCTAJS2009/033801

Box No.V  Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-5
~No: Claims

Inventive step (IS) - Yes: Claims 1-5
No: Claims

{ndustrial applicability (1A) Yes: Claims - 1-5

No: Claims

2. Citations and explanations

see separate sheet

Box No. VI Certain documents cited

1. Certain published documents (Rules 43bis.1 and 70.10)
and /or
2. Non-written disclosures (Rules 43bis.1 and 70.9)

see form 210

Form 'PCTASA/ 237 {April 2007) ‘ Axion Exhibit 1002
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WRITTEN OPINION OF THE ' International application No.
INTERNATIONAL SEARCHING '
AUTHORITY (SEPARATE SHEET) : : PCT/US2009/033801

Re ltem V
Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

The documents D1/ WO 2007/092888 and D2/ WO 2007/033175 disclose compounds
comprising a 7H-indolo[2,1-a][2]benzazepine ring system for the treatment of hepatitis
C. The compounds recited in claim 1 are distinguished from D1 in the substituents
attached to the 5-membered heterocyclic radical at position 6 of the parent ring system.
They are distinguished from the compounds of D2 on account of the 5-membered
heterocyclic radical directly attached to position 6 of the parent ring system.

The activity of the claimed compounds against hepatitis could not have been expected
at the filing date of the application. Hence, inventive step is acknowledged.

Claims 3 and 4 relate to the medical treatment of the human body which is covered by
the provisions of Rule 39.1(iv) / 67.1(iv) PCT. The patentability of claims relating to the
use of pharmaceutical compounds can be dependent upon the formulation of the
claims. The EPO, for example, does not recognise as patentable claims to the use of a
compound in medical treatment, but may allow claims to a product, in particular
substances or compositions for use in a first or further medical treatment.

Re ltem
Certain documents cited

Certain published documents

Application No Publication date Filing date Priority date {valid claim)
Patent No (day/month/year) (day/month/year) {day/month/year)

WO 2009/029384 05.03.2009 01 .08.2008

" Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
188545 7590 12/13/2023
Agilent Technologies, Inc./K&L Gates LLP HE, AMY
Global IP Operations
5301 Stevens Creck Blvd, 1A-PB | ARTUNIT | eaRnomper |
Santa Clara, CA 95051 2858
DATE MAILED: 12/13/2023
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
17/993,716 11/23/2022 Xiaobo Wang 20191134-16 1061

TITLE OF INVENTION: LABEL-FREE MONITORING OF EXCITATION-CONTRACTION COUPLING AND EXCITABLE CELLS USING IMPEDANCE BASED
SYSTEMS WITH MILLISECOND TIME RESOLUTION

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $1200.00 $0 03/13/2024

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. _THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 40% the amount of undiscounted fees, and micro entity fees are 20% the amount of
undiscounted fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part B is filed, a request to reapply a previously paid issue fee must be
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B.

III. Al communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via the USPTO patent electronic filing system.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate.
All further correspondence will be mailed to the current correspondence address as indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new
correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. Because electronic patent issuance may occur shortly after issue
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency.
Note: A certificate of mailing can only be used for domestic mailings of the
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

188545 7590 12/13/2023 Certificate of Mailing or Transmission
Agilent Technologies, Inc./K&L Gates LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
. States Postal Service with sufficient postage for first class mail in an envelope
Global IP Operations addressed to the Mail Stop ISSUE FEE address above, or being transmitted to the
5301 Stevens Creek Blvd, 1A-PB USPTO via the USPTO patent electronic filing system or by facsimile to (571)
Santa Clara, CA 95051 273-2885, on the date below.

(Typed or printed name)

(Signature)
(Date)

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

17/993,716 11/23/2022 Xiaobo Wang 20191134-16 1061

TITLE OF INVENTION: LABEL-FREE MONITORING OF EXCITATION-CONTRACTION COUPLING AND EXCITABLE CELLS USING IMPEDANCE BASED
SYSTEMS WITH MILLISECOND TIME RESOLUTION

| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1200 $0.00 $1200.00 $0 03/13/2024
| EXAMINER | ART UNIT | CLASS SUBCLASS |
HE, AMY 2858 506-010000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

| Change of correspondence address (or Change of Correspondence

Address form PTO/AIA/122 or PTO/SB/122) attached. (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
ATA/A7 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ individuat ([ Corporation or other private group entity [ Government

4a. Fees submitted: (Dissue Fee [Jpublication Fee (if required)
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

[ Electronic Payment via the USPTO patent electronic filing system [ Enclosed check [ Non-electronic payment by credit card (Attach form PTO-2038)

() The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)
] Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue

fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken

Q Applicant asserting small entity status. See 37 CFR 1.27 to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

D Applicant changing to regular undiscounted fee status. entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/993,716 11/23/2022 Xiaobo Wang 20191134-16 1061
| EXAMINER |
188545 7590 12/13/2023
Agilent Technologies, Inc./K&L Gates LLP HE, AMY
Global IP Operations
5301 Stevens Creek Blvd, 1A-PB | ART UNIT PAPERNUMBER |
Santa Clara, CA 95051 2858

DATE MAILED: 12/13/2023

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration

of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to acollection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. The United States Patent and Trademark
Office (USPTO) collects the information in this record under authority of 35 U.S.C. 2. The USPTO’s system of
records is used to manage all applicant and owner information including name, citizenship, residence, post office
address, and other information with respect to inventors and their legal representatives pertaining to the applicant's/
owner’s activities in connection with the invention for which a patent is sought or has been granted. The applicable
Privacy Act System of Records Notice for the information collected in this form is COMMERCE/PAT-TM-7 Patent
Application Files, available in the Federal Register at 78 FR 19243 (March 29, 2013).

5

hutosiwww eovindo.eovicontentphe/FRZGIZ-03-29pd 201307341 odi

Routine uses of the information in this record may include disclosure to:

1) law enforcement, in the event that the system of records indicates a violation or potential violation of law;
2) afederal, state, local, or international agency, in response to its request;
3) a contractor of the USPTO having need for the information in order to perform a contract;

4) the Department of Justice for determination of whether the Freedom of Information Act (FOIA) requires
disclosure of the record;

5) a Member of Congress submitting a request involving an individual to whom the record pertains, when the
individual has requested the Member’s assistance with respect to the subject matter of the record;

6) a court, magistrate, or administrative tribunal, in the course of presenting evidence, including disclosures to
opposing counsel in the course of settlement negotiations;

7) the Administrator, General Services Administration (GSA), or their designee, during an inspection of records
conducted by GSA under authority of 44 U.S.C. 2904 and 2906, in accordance with the GSA regulations
and any other relevant (i.e., GSA or Commerce) directive, where such disclosure shall not be used to make
determinations about individuals;

8) another federal agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c));

9) the Office of Personnel Management (OPM) for personnel research purposes; and
10)the Office of Management and Budget (OMB) for legislative coordination and clearance.

If you do not furnish the information requested on this form, the USPTO may not be able to process and/or examine
your submission, which may result in termination of proceedings, abandonment of the application, and/or expiration
of the patent.
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Application No. Applicant(s)
i . 17/993,716 Wang et al.
Notice of Allowabilily Examiner ArtUnit | AIA (FITF) Status
AMY HE 2858 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondernce address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.[¥) This communication is responsive to the IDS and RCE dated November 22, 2023.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are See Continuation Sheet . As a result of the allowed claim(s), you may be eligible to benefit from the
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more

information, please see http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to
PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) JAIl b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(3 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. ] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.[J Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 11/22/2023.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. (J Other .

of Biological Material .
4.7 Interview Summary (PTO-413),
Paper No./Mail Date.
/AMY HE/
Primary Examiner, Art Unit 2858

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20231205
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Continuation Sheet (PTOL-37) Application No. 17/993,716

Continuation of 3. The allowed claim(s) is/are: 1-2,4,6,9-13,18,24 and 31-49
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Application/Control Number: 17/993,716 Page 2
Art Unit: 2858

Notice of Pre-AlA or AlA Status

1. The present application is being examined under the pre-AlAfirst to invent provisions.
2. Claims 1, 2, 4, 6, 9-13, 18, 24, 31-49 are allowed.

REASONS FOR ALLOWANCE
3. The following is an examiner’s statement of reasons for allowance:

Claims 1, 2, 4,6 and 9-13 and 31-36 are allowable because none of the prior art discloses or
fairly suggests anapparatus for continuous, label free, real-time monitoring of cells using impedance-
based analysis, the apparatus comprising: a) multiwell plate comprising a plurality of wells on a
nonconductive substrate, whereineach of the plurality of wells comprises anelectrode arrayof a
plurality of electrode arrays; b) an impedance analyzer that independently measures a cell-substrate
impedance at each well, the cell-substrate impedance being measured between a first electrode
structure and a second electrode structure of the electrode arrayand across a cellular sample
comprising a plurality of cells disposed within each well, the impedance analyzer including atleasttwo
analogue-to-digital conversion channels, wherein the impedance analyzer monitors the electrode arrays
at millisecond time resolution between first measurements of the cell-substrate impedance and second
measurements of the cell-substrate impedance for each well; and c) a software program that analyzes
the first measurements and the second measurements to produce a time period analysis of the cellular

sample, and in the combination as claimed in claim 1.

Claims 18 and 37-42 are allowable because none of the prior art discloses or fairly suggest a

system for continuously monitoring cells in realtime, label free, with impedance-based analysis, the
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Application/Control Number: 17/993,716 Page3
Art Unit: 2858

system comprising: a) a plurality of analog-to-digital (A2D) sighal converters electricallyarrangedin
parallel to one another; b) a well plate comprising a plurality of wells on a nonconductive substrate,
wherein each well comprises one electrode arrayof a plurality of electrode arrays disposed on the
nonconductive substrate; c) an impedance analyzer that measures a first plurality of cell-substrate
impedances at afirst timeand a second plurality of cell-substrate impedances at a second time, the first
plurality of cell-substrate impedances andthe second plurality of cell-substrate impedances being
measured betweenfirst electrode structure and a second electrode structure in eachelectrode array
and across a cell sample attached within each well of the plurality of wells; and d) a software program
that analyzes thefirst plurality of cell-substrate impedances and the second plurality of cell-substrate
impedances to produce a plurality of time period analyses associated with individual wells of the

plurality of wells, and in the combination as claimed in claim 18.

Claims 24 and 43-49 are allowable because none of the prior artdiscloses or fairly suggests a
system for continuously monitoring cells in realtime, label free, with impedance-based analysis, the
system comprising: a) a well plate comprising a plurality of electrode arrays, wherein each electrode
arrayis disposed in a corresponding well of a plurality of wells defined by the well plate and includes a
first electrode structure and a second electrode structure; b) an impedance analyzer that monitors, in
associationwithindividual cell samples in individual wells of the plurality of wells via each individual
electrode array of the plurality of electrode arrays, a cell-substrate impedance between the first
electrode structure and the second electrode structure across a cell sample disposed in a corresponding
well of the plurality of wells; c) electronic circuitry that electrically connects the plurality of electrode
arrays tothe impedance analyzer; and d) a software program that analyzes the continuously monitors

each cell sample via the plurality of cell-substrate impedances across ananalysis period of time with
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Application/Control Number: 17/993,716 Page 4
Art Unit: 2858

measurements recorded at a sampling time resolution during the period of time, and in the combination
as claimed in claim 24.

Any comments considered necessary by applicant must be submitted no laterthan the payment
of theissue fee and, to avoid processing delays, should preferably accompanythe issue fee. Such

submissions should be clearly labeled “Comments on Statement of Reasons for Allowance.”

Conclusion

4, Any inquiry concerning this communication or earlier communications from the examiner
should be directedto AMY HE whose telephone number is (571)272-2230. The examiner can normally
be reached 9:00am--5:00pm.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attempts toreachthe examiner by telephone are unsuccessful, the examiner’s supervisor, Huy
Phan can be reached on (571) 272-7924. The fax phone number for the organization where this
application or proceeding is assignedis 571-273-8300.

Information regarding the status of published or unpublished applications may be obtained from
Patent Center. Unpublished application information in Patent Centeris available to registered users. To
file and manage patent submissions in Patent Center, visit: https://patentcenter.uspto.gov. Visit
https://www.uspto.gov/patents/apply/patent-center for more information about Patent Centerand
https://www.uspto.gov/patents/docx for information about filing in DOCX format. For additional
guestions, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like
assistance froma USPTO Customer Service Representative, call 800-786-9199 (IN USA OR CANADA) or

571-272-1000.
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Application/Control Number: 17/993,716 Page 5
Art Unit: 2858

J/AMY HE/
Primary Examiner, Art Unit 2858
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWWw.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
17/993,716 02/20/2024 11906508 20191134-16 1061
188545 7590 01/31/2024
Agilent Technologies, Inc./K&L Gates LLP
Global IP Operations

5301 Stevens Creek Blvd, 1A-PB
Santa Clara, CA 95051

ISSUE NOTIFICATION

The projected patent number and issue date are specified above. The patent will issue electronically. The
electronically issued patent is the official patent grant pursuant to 35 U.S.C. § 153. The patent may be accessed
on or after the issue date through Patent Center at https://patentcenter.uspto.gov/. The patent will be available in
both the public and the private sides of Patent Center. Further assistance in electronically accessing the patent,
or about Patent Center, is available by calling the Patent Electronic Business Center at 1-888-217-9197.

The USPTO is implementing electronic patent issuance with a transition period, during which period the
USPTO will mail a ceremonial paper copy of the electronic patent grant to the correspondence address of
record. Additional copies of the patent (i.e., certified and presentation copies) may be ordered for a fee from the
USPTO’s Certified Copy Center at https://certifiedcopycenter.uspto.gov/index.html. The Certified Copy Center
may be reached at (800)972-6382.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Center (https://
patentcenter.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should
be directed to the Application Assistance Unit (AAU) of the Office of Patents Stakeholder Experience (OPSE),
Stakeholder Support Division (SSD) at (571)-272-4200.

IR103 (Rev. 10/09) Axion Exhibit 1002

Axion v. Agilent
Page 232



INVENTORC(S) (Please see PATENT CENTER site https:/patentcenter.uspto.gov for additional inventors):

Xiaobo Wang, San Diego, CA;
Yama A. Abassi, San Diego, CA;
Biao Xi, San Diego, CA;

Wen Fu Zhang, San Diego, CA;
Xiao Xu, San Diego, CA;

APPLICANT(s) (Please see PATENT CENTER site https://patentcenter.uspto.gov for additional applicants):

Agilent Technologies, Inc., Santa Clara, CA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWWw.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
17/993,716 11/23/2022 Xiaobo Wang 20191134-16 1061
188545 7590 02/20/2024 | X AMINGR |
Agilent Technologies, Inc./K&L Gates LLP
Global IP Operations HE, AMY
5301 Stevens Creek Blvd, 1A-PB
Santa Clara, CA 95051 | ART UNIT | eapernvMBER |
2858
| NOTIFICATION DATE | DELIVERY MODE |
02/20/2024 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):
Agilentdocketing @cpaglobal.com

ipopsadmin @agilent.foundationip.com
uspatentmail @klgates.com

PTOL-90A (Rev. 04/07)
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APPLICATION NO. ISSUE DATE PATENT NO.

17/993,716 20-Feb-2024 11906508

Agilent Technologies, Inc./K&L Gates LLP
Global IP Operations

5301 Stevens Creek Blvd, 1A-PB

Santa Clara, CA 95051

EGRANT NOTIFICATION

Your electronic patent grant (eGrant) is now available, which can be accessed via Patent Center at https://
patentcenter.uspto.gov

The electronic patent grant is the official patent grant under 35 U.S.C. 153. For more information, please visit
https://www.uspto.gov/electronicgrants
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