DocCode - SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 17993716 Document Date: 11/23/2022

The presence of this form in the IFW record indicates that the following document type was received
in electronic format on the date identified above. This content is stored in the SCORE database.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW
record were created from the original documents that are stored in SCORE.

Drawing

At the time of document entry (noted above):
e USPTO employees may access SCORE content via DAV or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.

Form Revision Date: March 1, 2019 Agilent Ex. 2002

1 Axion v. Agilent, IPR2024-01467



PTO/AIA/15 (10-17)
Approved for use through 11/30/2020. OMB 0651-0032
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 displays a valid OMB control number.

(- UTILITY

PATENT APPLICATION
TRANSMITTAL
\_

~N

Attorney Docket No. 20191134-16
First Named Inventor | Xiaobo Wan g
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Priority Mail Express®
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(Only for new nonprovisional applications under 37 CFR 1.53(b)) Label No.
APPLICATION ELEMENTS Commissioner for Patents
See MPEP chapter 600 concerning utility patent application contents. ADDRESS TO P.O. Box 1450

Alexandria, VA 22313-1450

Fee Transmittal Form
(PTO/SB/17 or equivalent)

1.[v]

2. |:| Applicant asserts small entity status.
See 37 CFR 1.27

3. I:I Applicant certifies micro entity status. See 37 CFR 1.29.
Applicant must attach form PTO/SB/15A or B or equivalent.

4. Specification [Total Pages 74 ]
Both the claims and abstract must start on a new page.
(See MPEP § 608.01(a) for information on the preferred arrangement)

5. Drawing(s) (35 U.S.C. 113) [Total Sheets 53 1

6. Inventor’s Oath or Declaration [Total Pages 4 1
(including substitute statements under 37 CFR 1.64 and assignments
serving as an oath or declaration under 37 CFR 1.63(e))

a. I:l Newly executed (original or copy)
b. A copy from a prior application (37 CFR 1.63(d))

. Application Data Sheet  * See note below.
See 37 CFR 1.76 (PTO/AIA/14 or equivalent)

8. CD-ROM or CD-R
in duplicate, large table, or Computer Program (Appendix)

D Landscape Table on CD

9. Nucleotide and/or Amino Acid Sequence Submission
(if applicable, items a. — c. are required)

a. I:l Computer Readable Form (CRF)

b.I:l Specification Sequence Listing on:
i |:| CD-ROM or CD-R (2 copies); or
ii.|:| Paper

[ I:l Statements verifying identity of above copies

ACCOMPANYING APPLICATION PAPERS

10.[ ]

1. ]
12.[ ]
13.[]

18.[ ]
15.[ ]

6. ]
17.[]

18.

Assignment Papers
{cover sheet & document(s))
Name of Assignee

37 CFR 3.73(c) Statement I:l Power of Attorney

(when there is an assignee)
English Translation Document
(if applicable)
Information Disclosure Statement
(PTO/SB/08 or PTO-1449)

|:| Copies of citations attached
Preliminary Amendment

Return Receipt Postcard
(MPEP § 503) (Should be specifically itemized)

Certified Copy of Priority Document(s)

(if foreign priority is claimed)

Nonpublication Request

Under 35 U.S.C. 122(b)(2)(B){i). Applicant must attach form PTO/SB/35
or equivalent.

Other: Request for Prioritized Examination

interest in the matter. See 37 CFR 1.46(b).

*Note: (1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS).
(2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the applicantis an
assignee, person to whom the inventor is under an obligation to assign, or person who otherwise shows sufficient proprietary

19. CORRESPONDENCE ADDRESS
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OR I:' Correspondence address below

Name

Address
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Country Telephone Email

signature | /Raymond Wagenknecht/ Date 11/23/2022
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This collection of information is required by 37 CFR 1.53(b). 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 comments on
the amountof time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patentand
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.

If you need assistance in completing the form, call 1-800-PTO-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 (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.

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 inspection 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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Application Number:

Filing Date:

Title of Invention:

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

TIME RESOLUTION

First Named Inventor/Applicant Name:

Xiaobo Wang

Filer:

Raymond C. Wagenknecht

Attorney Docket Number:

20191134-16

Filed as Large Entity

Filing Fees for Track I Prioritized Examination - Nonprovisional Application under 35 USC 111(a)

Description Fee Code Quantity Amount Sul:j;l’;(t:)l in
Basic Filing:
UTILITY APPLICATION FILING 1011 1 320 320
UTILITY SEARCH FEE 1M 1 700 700
UTILITYEXAMINATION FEE 1311 1 800 800
REQUEST FOR PRIORITIZED EXAMINATION 1817 1 4200 4200
Pages:
Claims:
CLAIMS IN EXCESS OF 20 1202 10 100 1000
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Sub-Total in

Description Fee Code Quantity Amount USD(S)
PUBL. FEE- EARLY, VOLUNTARY, OR NORMAL 1504 1 0 0
PROCESSING FEE, EXCEPT PROV. APPLS. 1830 1 140 140
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
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Total in USD ($) 7160




Electronic Acknowledgement Receipt

EFS ID: 47086741
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International Application Number:
Confirmation Number: 1061
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EXCITABLE CELLS USING IMPEDANCE BASED SYSTEMS WITH MILLISECOND
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37 CFR 1.17 (Patent application and reexamination processinggees)
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37 CFR 1.20 (Post Issuance fees)
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File Listing:
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1 Application Data Sheet 20191134-16_ADS.pdf no 10
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Claims 72 76
Abstract 77 77
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

20191134-16

Application Number

Title of Invention

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

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

o Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)
Inventor Information:
Inventor |1 [E
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
B P(iaobo INang B
Residence Information (Select One) e US Residency Non US Residency Active US Military Service
City | ppan Diego State/Province | [CA Country of Residencé
Mailing Address of Inventor:
Address 1 Agilent Technologies, Inc.
Address 2 6779 Mesa Ridge Road, Suite 100
City San Diego State/Province | F:A
Postal Code 92121 Countryi | lus
Inventor 2 [E
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
<] frama | A. I'\bassi -
Residence Information (Select One) @ US Residency Non US Residency Active US Military Service
City San Diego State/Province CA Country of Residencd
Mailing Address of Inventor:
Address 1 Agilent Technologies, Inc.
Address 2 6779 Mesa Ridge Road, Suite 100
City San Diego State/Province | FA
Postal Code 92121 Countryi [ |US
Inventor 13 [@
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
| Biao P(i ]
Residence Information (Select One) @ US Residency Non US Residency Active US Military Service

EFS Web 2.2.13
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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 Data Sheet 37 CFR 1.76

Attorney Docket Number | 20191134-16

Application Number

Title of Invention

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

City | PBan Diego

State/Province CA

Country of Residence

Mailing Address of Inventor:

Address 1 Agilent Technologies, Inc.

Address 2 6779 Mesa Ridge Road, Suite 100

City San Diego State/Province | F:A

Postal Code 92121 Countryi ‘ |US

Inventor ¥ [@

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
E lNen u hang E

Residence Information (Select One) (@ US Residency Non US Residency Active US Military Service

City San Diego State/Province CA Country of Residencé

Mailing Address of Inventor:

Address 1 Agilent Technologies, Inc.

Address 2 6779 Mesa Ridge Road, Suite 100

City | 5an Diego State/Province | F:A

Postal Code 92121 Countryi [ IUS

Inventor L‘) [ Remove ]

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

’ EI P(iao

T | [

Residence Information (Select One) (@ US Residency

Non US Residency Active US Military Service

City | pan Diego State/Province | [CA Country of Residence
Mailing Address of Inventor:

Address 1 Agilent Technologies, Inc.

Address 2 I6779 Mesa Ridge Road, Suite 100

City San Diego State/Province | FEA

Postal Code 92121 Countryi ‘ ’US

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

[ Add

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondeiife Information of this application.

EFS Web 2213



U.S. Patent

PTO/AIA/14 (01-22)
Approved for use through 05/31/2024. OMB 0651-0032
and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

20191134-16

Application Number

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

Customer Number

878

Email Address

[ Add Email | |Remove Email|

Application Information:

Title of the Invention

LLS USING IMPEDANCE BASED SYSTEMS WITH MILLISECOND TIME RESOLUTION

Eﬁétﬂ:u REE MONTTORING OF EXCITATION-CONTIRAC [TON COUPLING AND EXCITABLE
0

Attorney Docket Number 191134-16 Small Entity Status Claimed [ ]
Application Type onprovisional
Subject Matter Utility

Total Number of Drawing Sheets (if any)

03

Suggested Figure for Publication (if any) | [1A

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

|

Application number of the previously

filed application

Filing date (YYYY-MM-DD)

Intellectual Property Authority or Country ‘

Publication Information:

[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. | hereby request that the attached application not be published under

[] 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires

publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One:

® Customer Number

US Patent Practitioner

(O Limited Recognition (37 CFR 11.9)

Customer Number

b9538

EFS Web 2.2.13
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

20191134-16

Application Number

Title of Invention

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

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes

the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | [Pending - | Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
[Continuation of vl 17824782 2022-05-25
Prior Application Status | [Patented | Remove ]
Application I Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
17824782 Continuation of F 16733781 2020-01-03 11360072 2022-06-14
Prior Application Status | [Patented -I | Remove ]
Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
16733781 |Continuation of F 16020679 2018-06-27 10533985 2020-01-14
Prior Application Status 'Datented -I | Remove ]
Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number | (yyyy-mm-DD)
16020679 Continuation of F 15651882 017-07-17 10012636 2018-07-03
Prior Application Status Fatented -I | Remove |
Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
15651882 IContinuation of -] 12435569 P009—05—05 |9709548 2017-07-18
Prior Application Status | [Expired - | Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
12435569 Claims benefit of provisional ~l 61191684 ’2008-09-1 1
Prior Application Status | [Expired v | Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
12435569 Claims benefit of provisional +f 61126533 ’2008-05-05
Additional Domestic Benefit/National Stage Data may be generated within this form [E

by selecting the Add button.

Foreign Priority Information:

EFS Web 2.2.13
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PTO/AIA/14 (01-22)

Approved for use through 05/31/2024. OMB 0651-0032

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.

Attorney Docket Number | 20191134-16

Application Data Sheet 37 CFR 1.76

Application Number

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

Title of Invention | \\\5F 5 ANCE BASED SYSTEMS WITH MILLISECOND TIME RESOLUTION

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a cetrtified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the

Add button. | Add ]

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[ ] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

13
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PTO/AIA/14 (01-22)

Approved for use through 05/31/2024. OMB 0651-0032

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.

Attorney Docket Number | 20191134-16

Application Data Sheet 37 CFR 1.76

Application Number

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

Title of Invention | |\ ioF B ANGE BASED SYSTEMS WITH MILLISECOND TIME RESOLUTION

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’'s Republic of
China (SIPOQ), the World Intellectual Property Organization (WIPQO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)
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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
1s 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

1 20191134-16
19



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 i7n 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-210¢, 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-320¢ 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 f2 adrenergic receptor
agonist. FIG. SB 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 II.

[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.
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[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
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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

ccrqy=-240_
CI(@)-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;
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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 eftfort 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
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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 S 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 1s 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 CCI 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

43 20191134-16
61



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, sSiRNA, 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 thythmic
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 aftect 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 eftects 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 f2 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

62 20191134-16
80



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 65 to From 0.19 | Beating rate
Isoproteranol receptor agonist 115-136 [ t0 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~79to | From0.22
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 | From0.18
Cyclosporin A | inhibitor 13.3 uM ~ 80 t0 0.15 No pattern change
p2-adrenergic
receptor From~70to | From 0.25 | Pattern changed, much
Propalanol antagonist 4.4 uM over 150 to 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 to 0.02 irregular beating
From~65to | From0.2 Beating stopped
PCB Organic toxicant | 8 uM 0 to0
From~75t0 | From0.2 Beating stopped
Endosulfan insecticide 8 uM 0 to0
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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, S00nM 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.
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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.

77 20191134-16
95



ottt 0 iz &/ so00on
! o 4. Sodrapap ol ‘rf-/-nnu:"
i Snprtntninrntng 4 Rerapu s
p 5 Fostnriirsriping

Pl .. e
“ ; ’ " V .44;

£ TV

FIG. 1A

96



- 3%#4,,,“.,2..?‘

S A

B

FIG. 1B

97



EyAvvAyAvEVA,
/o/i :leli f{gggﬁ,
B P T N TN

30
150

N
N

FIG. 24

98



FIG. 2B

99



00§ WMA.ﬁ \\\\\\\\\\\\\\\\\ p

T acd
WA . aattal it @

o P B IEE

-
'y
3
3
¢
3
3
3

‘!‘f"
s
¥
2
A“‘“?“
i
Y
{
\g\ v
£%.4
"?
:
0"

- . - :
f}f ,f \\\\\

100



EOIANAANMNC O

oa ~N @
= I =
S o o« N W

Xapul [133

«
<

101

96.0

80.0

54.0

48.0

32.0

16.0

0.0

Time {hr)

FIG. 3



Normalized Cell index

11 %

0.9

TYTTTETETE TS
PR

0.7

T

4;1,.,=

0.5

0.3

AR AR LA U

Stidhidisieiie il iniss

79.0 92.0

Time {hr)

105.0 118.0

1.0000

0.8000

0.6000

0.4000

Normalized Cell index

0.2000

0.0000

131.0

s o005 vl
16.7 udd
m— 5 55 0
1.85 udd
.61 ubd
= 1§

1C-50 = 1.48 1M

ack SR

-9.00

FIG. 48

102

-8.00

-7.00 -6.00 -5.00 -4.00

Log of concentration (M)

-3.00



Maormalized Cell Index

e T 04

— T

3 rdd

{4 »
1.2 4
,/m/mf i /:?: el
e MWMWM":
| ‘ P s o rnes 0o
{}g “ - M.,w.f ‘-./’«.o,./\.._./ﬁ.«
%,:: o ,\ oo
3.4
G4 -
§3.3 o
2 . . . '
7 74 75 G - ~
Time (hr)

1.2000 ¢

1.1000

1.0000

0.8000

0.8000

0.7000

0.0000
-10.00 -8.50

FIG. 5B

-9.00 -8.50
Log of concentration (M)

103

-6.00



9 "D

{4y} swiy

0'88 0Ll 099 0'ss ovPb O'et 0¢e 017 00

00

ot

0¢

g€

oy

0a

09

0L

XSpuj 1S

104



Xopi {19

1.7

Time {min)

FiG. 7A

?***‘*i”’:i:::::::tm

3.4

105

3.3

Xapuf {33

06

04

03

01

Time {min)

FIG. 7B



%&‘
. W

w
L
i
3
o
%
i

s

.

5 E“i‘..ff-&m =

-

2.3

Xopu} {133

06

05

04

03

02

01

0.0

0.0

A72 h‘ oot

“a

,ﬁg?ﬂﬁ???%??ﬂtw

aedendd

o

R i i i
cdediedanbechn deodediadin dendaading

® 2
i

TS I

SRR EECREEE FEE RS SN

cassald

St b

14.0

e
el

Time {min)

FiG. 7C

106

<
~

Q
]

Q
A

e
<

Q
)

X2Apuj 19D

Q
o

<
i

Q
S

38.0 50.0 62.0 74.0

26.0

2.0

Time {min)

FIG. 7D



45

Tmmm A

TR

OISR

33 PN
3

i SO

L3
B0y

NN T TN

AR

40

25

20

15

10

0.06

Xapul |83

01
-0.02

107

Time (s)

FIG. BA

prrereirereres;

STEEGSIISIISSIIIIIIIYL

22

T

{uitu/sasind) 21y aseg

FIG. 8B



Healing Rate {(hoats permin}

Sotalol, 4.4 uM

Y 200 400 800 300
Time {(Seconds)

FIG. 9A

Sotalol, 4.4 ud

Amplitude

¢ 100 200 300 400 580 &0 700 BOG

Time {Seconds}

FIG. 9B

108



6.0

0
o~

Xapuj {33

2.6

< o
~ ~

Time (hr)

............. 3 s R
e ¥ PR
. ..:w..?i.,!w...wm!,m&mzm
b 8 . ;

...+..........w....m,.w~.m.ww0~%

3 3 :
N SIS T

2.60
2.45

Xapul {is3

FiG. 9C

2.30

5:15 5:16 5:17 5:18 5:19 5:20 5:21
Time {(min)

5:14

FiG. 8D

109



AN

X .

g SR
5

m

PR

R ./../v
BN ////%/u/mm”zﬁ,..
R AR
83 .///Muuu,. X
; NN
.
WHV R X N

N

N
_ NN
X N

. RN
Akt
8 N

N

ne-

Basel

.

3
R

-

R
R

Carbachol Treated

Time {min)

(o)
S
o
N

Y 2.667

X3puiif=ed

3.0

2.533

2.400

2.0
Baseline

Time {hr)

1.0

0.0

Xapuj {3

2.3

Xopuf {120

o
~

Time (min)

10

09

08

07

06

05

FIG. 10A

Time {min)

110



s b s e,

P A

O oy

SRR

AR AR
AN AN SE

B
§
3
§
3
g
3
3
EY
y
3
3
R
3
3
3

3
Sgneni it

< las] ~ i
2l N N N

TR
B

R
N

Y
AR

_niv

R

RN

FXNN

NN

X R

SRR 3
RS
A

T T

RN

Nk

R =s
RS

N

i
R

N

R
Y
N

.

R

i

R

S
N

R R

AN

R

NN

31

15 19 23 27
Time {min)

11

07

=
™

RS STV ISR

Time (hr)

1.0

Baseline

{soproteranol Treated

it

e

&

ety

i LA A

N

0.9

EN1017 S S

PEPERTET:ENY

4.200

T SR

B o

3.933

e

XIpulfled

AANANANAR NN

3.800 Herereie

3

LIPS PO PP DD DL LIS D LB PO

AP LIL PL I PP LI,

1

4.5

2.45 2.46 2.47 2.48 2.49

2.44

06

05

04

02

0

Time {min)

Time {min)

FIG. 108

111



Sotalol 33.3 uM

2 8 imnitnots shs

3

X3puf =0

6.18

Xspuf 13D

XSpul {1R0D

641  6.44

3

29

6

26

6

5.22 523 524 5.25

1

5.2

5.20

FIG. 11A Time (min)

Time {min)

112



Astemizole (400 nM)

joii teied”

5.500
3
100
3
2

38 40

35

R L T

Time {min)

L DL DO IL NP PO LI IO ORI PPN,

6

2
55

23
53

0

3

o deigibiripidis

17

2

PO LB PP LI LI PP I

51

14
49

5.
5

) XSPU @D

-

e

B
AR AR

I 0t b

s}
o

5.500
6
3

Ve

Time (min})

)

Time (min

FIG. 11B

113



Terfenadine {200 nM)

Xapuj{ied

o e
S S Y R

R R
R

R e
=

© @ o« ~ 9
m N~ NN

.100

3

2.967

2.833

2.700

27

24 1

21 1

18 1

15 1
Time {min)

12 1

09 1

06 1

03 1

00 1

12 13 1

11

10

09

08

FIG. 11C

Time {min)

114



Erythromycin (13.3 uM)

&///////WJ// RN

NE=®s

X3puj =D

%%M%%yﬁ%%h a

S

Z

R P S B PR L R R

5
3
S
3

Time {min}

Time {hr)

3
3
s
b
3
s
3
b
3
b
3
3
s
3
s
3
3
N
3
3
s
3
3
3
N
b
H
s
3
s
3
3
3
3
3
H
3
3
b
3
3
H
3
3
3
3
b

X3puj {20

X3pui |{8d

Xapui 13D

R IR RVEI PRIV SIVRVEIRV IRV RNPRIIIIITR:

L LIPSO LA PO PO L OO PO Ol 00

2.3

2.47 2.48 2.49 2.5

2.46

2.45

06

02 03 04

01

Time {min)

FiG. 11D

Time {min)

115



Moxifloxacin {20 uM)

M A

R R R R KKK KRR R R R R RO CEEEEPPEPELEUPPP PP P PR PRR PR UPy

'~

1.0

min

Time {

Time {hr)

2.2

&
b
3
by
<
b
b3
s
b3
§
H
s
¥
b
b
s
R
b
$
3
R
$
3
b3
¥
<
3
s
<
b
¢
b
b
b
s
<
3
$
<
3
s
<
b
H
3
by
b
3
<
3
$

o~
Xapuj |19

2.200

0.0

116

v

O A bbb

X3puj [[80

2.52

2.51

2.48

Time {min})

FiG. 11E



Cell index

Cell Index

3.83 %

3.66
3.49

332 4o
3.15 L

5 98 L
2.81

2.64
2.47
2.30

0.0

2.9

2.3

2.7

2.6

2.5

Pentamidine {20 uM)

e b A A A A L L G A A A A LA A

Time {hr)

S SUMIVIPIR PR

06 07

Time {min)

inaaaatanaaand

-

CRRRRAR AR AN

4.00 .
3.85 7 ,
370 |
355
3.40 7.

NN

3.25

3.10
2.95 ¢

Cell index

2.80
2.85 7
2507

12 14 16 18 20 22 24

Time {min)

SRR

2.45 .

Cell index

2.30

2.46 2.47 2.48 2.49 2.50 2.51

FIG. 11F Time {min})

117



Amitriptyline {4.4 uM}

PP RT ST IR R R NI TR VIS ST IRPRIIT P IIIR AP IS PRIIRS

NP IR TRI IR TRI ST XTIRPRT VST IIIRVRY TR VRIIRIRI I IRI IR TRIILIIIIES

caesrre.

Time {min}

XIpUL 183

RS RPRTSRPISRY LRI RYRRIRISF SRS

3.00

X3puj jfeDd

3
3
3
b
§
3
H
?
i
H
}
i
N
3
i
3
b
3
3
b
§
3
»
N
i
R
N
3
T
¢
b
H
b
b
3
3
§
3
3
}

2.6

o
=
~

118

Xapul ({20

SRR

Qe

Faareeveevees.

%

ANSAN SRR

SO SPBISPA I S,

2.8

™~ O
o

Xapul (12D

09

08

min

Time {

Time {min)

FIG. 11G



Cell Index

2.8

2.7

Verapamil (130 nM)
2.800 g

pp g arngns g

3

16 21 26 31 36 41 46 51
Time {min)
Time (hr)

P R A R R A R

PR A R AR A A P A R R A

ol

Cell index

2.3

2.27 2.28 2.29 2.30 2.31 2.32
Time (min)

[ ; i ;
b Ll o 10 Nl o B Bl 1 Sl A o D

08 09 10 11 12

Time {min)
FIG. 11H

119



Rosiglitazone (13.3 uM)

20

19

0 4t

17

14 15 16
Time {min)

13

12

11

saisigd
o
n
[a\]

X3pui =

2.767
2.6507

¢

2.53

2.50 2.51
Time {min)

2.49

2.48

AR RS

oy
RN
R

O RO Gl OO N OO L

Time {hr}

JEIR A

.,..
i
H
I
:
g
H
i
i
i
H
g
3
i
i
i
i
I
¥
i
R
e
i
&
i
I
IS

Bttt b gt b b b O 0 10

533

N~
O
™~
(aV]

o
rg)
©

3.000 :
2

2.417

l f
Xapuj =D

XIpuf {33

s
ey

o

1

{min)

Time

FIG. 11

120



Cell index

Rofecoxib {13.3 uM)

S sren s
kS

0.9

. : <
0.8 B oo e
4 * é :

0.7
9.0 12.0 15.0

0.0 3.0 6.0
Time (hr)

FIG. 11J

121

18.0



Rofecoxib {13.3 uM)

G devirriiiiesigiie

AR
SRR

SRR
Ay

R
%
N Y

SRR

X3pui 12D

11:53

11:41

11:35

11:30

11:29

11:47

11:44 11:50

11:38

11:26

N
- —

Xapuj 20

1

Time (min)

Time (hr)

3
3
3
X
3
2
3
3
2
X
X
X
X
3
3
3
X
X
X
X

Xopuj |83

e R

FLRSEE SRREEE NS

Xapuj 1is8)

0.8

12:11%

12:09

15.02 15.07 15.1215.1715.22 15.27 15.32 15.37 15.42 15.47

12:10

12:08

Time (min)

Time (min)

FIG. 11K

122



Celecoxib (4.4 uM)
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Cyclosporine {13.3 uM)
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Cardiotoxic Patterns
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Before 500 nM Haloperidol treatment
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About 4 minutes after treatment About 5.5 minutes after treatment
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About 4 minutes after treatment
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First 30 seconds after 500 nM Haloperidol

treatment
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Doc Code: ECOMM.AUTH/ECOMM.WTDW
Doc Description: Internet Communications Authorization/Internet Communications Authorization Withdrawal

PTO/SB/439 (11-15)

/ AUTHORIZATION FOR INTERNET | Application No.

COMMUNICATIONS IN A PATENT | Fiing Date —
APPLICATION OR REQUEST TQ | First Named Inventor | Xiaobo Wang
WITHDRAW AUTHORIZATION FOR | AtUntt

INTERNET COMMUNICATIONS Examiner Name
Practitioner Docket No. [20191134-16 )

To: Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

I. To authorize permission for Internet Communications.

Recognizing that Internet communications are not secure, | hereby authorize the USPTO to communicate
with the undersigned and practitioners in accordance with 37 CFR 1.33 and 37 CFR 1.34 concerning any subject
matter of this application via video conferencing, instant messaging, or electronic mail. | understand that a copy
of these communications will be made of record in the application file. (MPEP 502.03)

1. To withdraw authorization for Internet Communications.

The authorization given on , to the USPTO to communicate with the undersigned
and any practitioner in accordance with 37 CFR 1.33 and 37 CFR 1.34 concerning any subject matter of this
application via Internet communications such as video conferencing, instant messaging, or electronic mail is
hereby withdrawn. | understand that the withdrawal is effective when approved rather than when received.

| am the

I:l applicant.

Iil attorney or agent of record. Registration number

50948

I:I attorney or agent acting under 37 CFR 1.34. Registration number

/Raymond Wagenknecht/ 11/23/2022
Signature Date
Raymond Wagenknecht 858-592-4141 ext. 1100
Typed or printed name Telephone Number

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Juristic
entities must be represented by a patent practitioner (see 37 CFR 1.31, which is applicable to any paper filed on or after September 16,
2012, that is presented on behalf of a juristic entity, regardless of application filing date). Submit multiple forms if more than one signature
is required, see below*.

|:| * Total of forms are submitted.
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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
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. Arecord 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. Arecord 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. Arecord 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. 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.

8. 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 inspection or an issued patent.

9. Arrecord 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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Joc Code: Cath PTOIANGS (06-12)
Approved Jor use thiough D3RURET4,. OB £651-00522

U.S._ Patont v Trademark OHicai U.S, DEPARTMENT OF CQIMMERCE

Linder the Papanwork Raguaiion Act of 1895, na persons are auirad io respnnd 1o 2 cotaction of Infosmstion witess  containg & veild QW3 contro siiimbey.

Oaocument Description: Qath or declaration filed

77777 Attorney Docket ] ] “,
4 DECLARATION FOR UTILITY OR Nizabes 101041-101483
DESIGN First Named inventor
PATENT APPLICATION et Wang et al.
{37 CFR 1.83) COMPLETE IF KN&H&N
Duddaration Deciaration Application Number 15/351 4882 VVVVVV
1 Submitie ; Submitied Aftec lailial | Fiiing Date )
- \?:é?i“ ;a: ; OR = Fling {Surchame nf .a duly 17, 2017
Filing ';iiuf,ii-, £ABY Art Unit 1836
- Exariver Name | Ghafocrian, Reza J

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

{Titlo of the Investion}

As a beiow named invenior, | hereby dsciare thai
This deciaration is diveted ic:
C| The atisched application,

UR

15/651,882

@ Unsited States Applicatior Nuraber or PCT irdemational application pumber
filed an Ji.’i}{ 17, 2017

The above-iventified appiication was made or guthodized 4o be made by me.
§ believe t am the original inventor or an original joini inventor of a slaimed ventien in the application.

t hareby acknowletas that any wilifui faise staternent made in this declaration is punishable under 18 U.58.C. 16061
by fine of imprisonmeant of not mere than five (5} years, or both.

Authorization 70 Permift Access To Application by Participating Office

¥ i ¥ chacked, the Undersigned hereby grants the USPTQ suthority 10 provide the Eurepean Patent Office (EPO), the
Jagan Palent Offtce (3P0}, the Korean inteliectual Property Office (KIRQOY, the World inieltectual Propesty Office (WiPD), and
any ofisr intellectual progerty offices in which a forsign application claiming priofity io the above-identified patant application is
fied acoess o the above-identified pateni application. See 37 CFR 1.14(c) and {h1}, This box should not be checked ¥ the
applicant does not wish the BERQ, JPO, KIPG, WIPC, or othier intelieciuat property office in which a foreiga applicstion cigiming
priority §o the anhdve-identified patent appilcation ks filed to have ancess o tha above-identified patent application.

in accordancs with 37 CFR 1.14{h§{3}, access wili ke provided to & ooy of the abova-identfied patent eppiication with respac
tor 1) the apove-identified patant application-as-fited; 2) any foreign apgplication {0 which the abova-identified paient appiication
claims priotity under 35 US.C. 119(a)<d) if a copy of the foreign application that saiisfies the certified copy reguirsmant #f

27 CFR 1.55 has besn filad inthe above-identified patent anplication; and 3} any U.S. application~as-filed fron: which bery
sought in the ahove-identified patent agpiication.

i accordance with 37 CFR 1.14{c}, access may be provided to information conceming the date of fifing the Authorization o
Penmit Access o Application by Participating Cffices.

[Page 1 0§ 2}

This collectior: of intannaiicn s raquired by 35 U.8.C. 115 anu 37 CFR 1.62. Tha xlonmation 18 requiac o abiain of fetain 5 henedt by tie pullic wrleh 1913 iie {a0d by

the UBPTO (o process) an sppication. Confldentially Is govered by 36 1.8.C. 122 and 37 OFR 1.1¢ énd 1.14. This cofiection is esthnated (¢ toke 214 rainuies (o
camgiste, inciuding gathering, pracarng, and submiidng he completed application form 1o the USFTG. Time wil vary depeading upan the individus! £3se. Any
comisents on Hie smount OF ke you reduife 1€ £ompiste this form ander miggestivns Jor seductig 8its burdern, sheuld de seni o the Chist ifarsaten Officer. U.S,

P and Trademark Office, U.3. Copmetmant «f Gomivercr, £.G. Box 1480, Akerandris, YA 2:313-1450, DO NOT SEND FEES OR COMPLETED SORMS TQ THIS

ADDRESS, SENR TC: & iszloney far Pt P.O, Box 1450, Alaxandriz, VA 328434450,

i you need essistancy in campleting $ie form, saff 4-800-PTO-5 U8 and seloct option 2.
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PTOMIAGE (G8
‘7\,14 O3 0851-8

Appraved foruse theough O/
.S, Patent and Trademark Office; U.S. DEPAR

Under the Pagenwork Reduction Act 8f 1885, no fersons are reguired 1o respond 1o a cofiection of information unless & contams 3 vaiis O“B COntGH -“bw

-

'

i DECLARATION — Utility or Design Patent Application
M s
i The address -
Directi alt = o . : Sorrespondence
correspondence (0! @ associated with 58538 GR —_I asdress beiow
Customer Number:
Name
Address
City State Zip
Country Teleohone | Emai ]

WARNING:

Peliionar/appiicant is cautioned to avoid submitting personal information in documents filed in & patent appiication that may
contribute {0 ideniity theft. Parsonai information such as social security numbers, tank accouni numbers, or credit card numbers
{other than a chack or cradit card authorization form PTO-2038 submiitted for payment purposes) is never required by the USPTC
to support 2 petition or an application. if this type of personal information is included in documents subsmitied {o the USPTC,
petitionersiapphicants should consider redacting such persona! infOrmation from the cocumerntts hefore submitting them to the
USDTO Petitioner/spplicant is advised that the record of a patent application is availabie ta the public after gubtication of the

pptication {uniess 3 non-publication raquest in compliance with 37 CFR 1.213{a) s made in the app scaizaaﬂ or issuarice of &
paﬁe ~. Furthermore, the record from an abandoned applicat on ‘nzy also pe avaiiable to Ihe public if the appiication is
references in a published application or an issued patent {see 3 7 CFR 1.14). Checks and credit card agthorization forms
PTO-2038 suomitt nc: for payment purposes are not retained in the appiication file and therefore are not publicly avaiiatle.
Peiifionerappiicant is advised that documents which forn: the record of a patent application (such as the PTO/SB01) are piaced
info the Privacy Act systam of records DEPARTMENT OF COMMERCE, COMMERCE-PAT-7, System name. Patent Application
Fiies . Documents not retamed in an agplication file {such as the PT®-2038) are placed into the Privacy Act system of
COMMERCEPAT-TV-1G, Systemname: Deposit Accounts and Elecironic Funds Transfer Profiles .

LEGAL NAME OF SOLE OR ?’RST SNYENTOR:
{=.¢.. GiverName {first and midcie {if 2ny)) and Family Name or Sumame)

¥

Xiaobo Wang

invanior's Signature .

Date (Qoonal)

s
%

Residence: City

San Di ega CA . us

Maiting Addrass

ACEA Biosciencss, Inc., 6779 Mesa Ridge Road, Suite 100

ity State Zip ’ Country
ﬁ] Additional inveniors are being named or the 2 suppiemental sheet{s) PTOIAIAND attached hereto
{Page 26i 2}
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BTCAISTE (G612
Aoproveg for use thcu 1 0178 6. OMB 08510032
.8 Paent and Trademark Office; U S ""’PA-.: ENT OF "")'f«?v‘.FRC
ond to 2 collection of infarmation untessit containg g valic OMR contiotn:
ADDITIONAL INVENTOR{S)
Suppiementat Sheet {for PTOIAIAIDS, B8} 2 A
Page of Y.

o

{£.5.. Givan Mame (first and migadie {if any}} and Family Name or Surname)

Yama A. Abassi

inverior's o .. N
. T e o Fa /_,..."—\ B
Signature e L { e Date {Ciptional!
_ San Diego CA us
Residence: City Siate Ceuniry
AGCEA Biosciencss, Inc.
6772 Mesa Ridge Road, Suite 100
Matling Addeess
San Disgo CA 2121 Uus
City State Zip Couniry

Legal Name of Additional Joint inventor, if any:

{E g.. Biven Name {first and middle {if any)} end Famity Nams or Surname;}

Biao Xi

s Y S E—

T e
o

fventar’s o
Sionature Date {Oplicaal)

San Diego CA us

Residence: City Siate Country

ACEA Biosciences. Inc., 8779 Mesz Ridge Road, Suite 100
Mailing Address

San Diego 92121 us

Ciy State Zip Couniry
tegal Name of Additionat Joint inventor, if any:
(€.9;, Given Name {first and middis (il any)) and Family Name or Sumams)
Wen Fu Zhang

o S ALE e
invertor's EY A R \),v
Signature Date (Qpticnal

7

Residence: City ~ State Gountry

ACEA Biosciences, Inc., 67792 Mesa Ridge Road, Suite 100

Mailing Address

H M )
.. San Diego CA i G2121 . Us
City State i 2ip Counvy
This cofiection of imonmation is raquired by 38 83.8.C. 115 and 37 CFR 1.83. The information is required 10-obtain OF retain & benedt by tie public whith s 1o fig

{anc By the USPTQ to process) sn apdlication. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This coliection is estumated 10 take 23
minuies te oofniela, Incliding gahenng, prepaning, 3nd submitting the compieted applicaiion fomm to #ie USPTO. Tima Wi vawy geper @ individual
zase. Any comments on the amount of time you raduire to compiete this form andior suggestions for seducing this burden. should be san e tha Chief informatinr
’)ﬁicer U8 T and Tragemark Office, 11.S. Depariment of Cemmeree, £.O. Bax 1430, Atexandra, VA 22213-1450. DO NOT SEND FEES CR COMELETED

ORMS TO THiS ADDRESS. SEND TR: Commissioner for Patents, P.C. Box 1450, Alexandria, YA 22313-1450.

if you need assisiance in completing the form, ¢aif 7-800-PT0-8193 {1:800-788-0145) and seiact opticn 2.
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tinder the Prperaork Reduation Act of 18988, no persons are maauired o respond io & colledtion of informetion uniess  conialns 3 val

%

SUPPLEMENTAL SHEET FOR DECLARATION

PTO/AIANE (0B-12)

spprovad for yee through 01/31/2314. OMB 068100232
U.S. Patent and Trademark Offfce; U.S. DEPARTIMENT OF COMMERCE

ADDITIONAL INVENTOR(S)
Suppiemantal Shest ffor PTOAIANS.0 &
Page

id OMB coniral number,
%

.

Legal Name of Additionad Joint inventor, If any:

Kigo Xy

{E.g., Giver Kame (first end middie (i any)) and Family Name o Sumams)

taventsr's
Signaiurs

.’/ ,7{/\_,, <

<N

Daia {Opiional}

-
San Diego

us

Rasldencs: City State Courmry
ACEA Bioscisnces, inc.
8778 Mesa Ridge Read, Suite 100
Maliing Address
~ San Diegs 92124 L8
ity Stats Zip Country
Legal ams of Additional Joint inventor, if any:
{£.g.. Given Name {irst and middle {f eny}]) and Family Name or Sumams)
nventor’s
Signaiurs Dala (Cpiionial}
Resigence: Gity State Couniry
Maiing Accress
Gty State Zip Country
Legal Name of Additional Joint inventor, if any:
{£.g., Civan Name (st end middis {if any}) and Family Name of Surnams)
vaniars
Signatura Date {Optional}
Residencs: Cily Siate Country
haling Address
ity it Zip Country
Thie celiection of information is regquirad by 35 U.8.C. 113 and 37 OFR 1.83, Tha Informallen Is required 16 aBtalt or retain 5 hanefit by the punle wislalt s to s

{and by the USPTO io processy.an applivation, Copfidertiality is governed by 35 U.8.C. 122 and 37 CFR 1.1 snd 1.34. This cefiection Is estimated 1o take 21
nimies o complete, Intuding gathering, preparing, and submittihg the completed application form 0 e USPTC. Time wRi vary depending upan the individus
cane, Aty comiments of the aount of fime you require o tompiete s form andlor suggestions for rediscing this burden, shouid Ce sent to the Chief information
Tifizey, U.S, Patemt and Trademark Oifice, U S. Departmant of Commerce, £.0. Box 1450, Alexandiia, VA 22313-148C, DO NOT SEND FEES CR COMPLETED
FORMS TO THIS ATDRESS. SE:0 T Qoninissioner for Patants, P.Q, Box 1450, Alexandiia, VA 22313-1458.

¥ viou need assistance iy compisting the form, call t-800-PTD-G196 {1-BO0-788-2498} enct sefact option 2.
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Doc Code: TRACK1.REQ

Document Description: TrackOne Request
PTO/AIA/424 (04-14)

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION
UNDER 37 CFR 1.102(e) (Page 1 of 1)

First Named X b W Nonprovisional Application Number (if

Inventor: 1aobo ang known):

Title of

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

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR
THE ABOVE-IDENTIFIED APPLICATION.

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee,
and examination fee are filed with the request or have been already been paid. | understand
that any required excess claims fees or application size fee must be paid for the application.

2. | understand that the application may not contain, or be amended to contain, more than four
independent claims, more than thirty total claims, or any multiple dependent claims, and that
any request for an extension of time will cause an outstanding Track | request to be dismissed.

3. The applicable box is checked below:

I. [v] Original Application (Track One) - Prioritized Examination under § 1.102(e)(1)

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the utility application via EFS-Web.
---OR---
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the plant application in paper.

ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is
filed with the application.

Il. [ ] Request for Continued Examination - Prioritized Examination under § 1.102(e)(2)

i. A request for continued examination has been filed with, or prior to, this form.

ii. Ifthe application is a utility application, this certification and request is being filed via EFS-Web.

iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a), oris
a national stage entry under 35 U.S.C. 371.

iv. This certification and request is being filed prior to the mailing of a first Office action responsive
to the request for continued examination.

v. No prior request for continued examination has been granted prioritized examination status
under 37 CFR 1.102(e)(2).

signature’ R@YmMond Wagenknecht/ o 11/23/2022
Bmmeeq RAYMond Wagenknecht e umber 20948

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications.
Submit multiole forms if more than one signature is required.*

forms are submitted.

D *Total of
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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 disclosure of these records is required by the
Freedom of Information Act.

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 inspection 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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Application Number 17/993,716
Filing Date 2022-11-23
INFORMATION DISCLOSURE
STATEMENT BY APPLICANT First Named Inventor Xiaobo Wang
Art Unit
Examiner Name
Attorney Docket Number 20191134-16
U.S.PATENTS
Pages, Columns,
Lines, Where
Examiner | Cite Patent Number Kind Issue Date Name of Patentee or Applicant of cited Relevant
Initial* No Code’ Document Passages or
Relevant Figures
Appear
1 2656508 A 1953-10-20 | Coulter
2 3259842 A 1966-07-05 | Coulter, et al.
3 3743581 A 1973-07-03 | Cady, et al.
4 3890201 A 1975-06-17 | Cady
5 4072578 A 1978-02-07 | Cady, et al.
6 4225410 A 1980-09-30 | Pace
8 4686190 A 1987-08-11 | Cramer, et al.
9 4920047 A 1990-04-24 | Giaever, et al.
11 | 5134070 A 1992-07-28 | Casnig
12 | 5187096 A | 19992 | Giaever, et al
13 | 5218312 A 1993-06-08 | Moro
14 | 5247827 A 1993-09-28 | Shah
15 | 5278048 A 1994-01-11 | Parce, et al.
16 | 5284753 A 1994-02-08 | Goodwin Jr.
18 | 5563067 A 1996-10-08 | Sugihara, et al.
19 | 5601997 A 1997-02-11 | Tchao
20 | 5622872 A 1997-04-22 | Ribi
21 | 5626734 A | 322795 | Docoslis, etal.
22 | 5643742 A 1997-07-01 | Malin, et al.
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23 | 5725563 A 1998-03-10 | Klotz

24 | 5766934 A 1998-06-16 | Guiseppi-Elie

25 | 5800467 A 1998-09-01 | Park, et al.

27 | 5810725 A 1998-09-22 | Sugihara, et al.

28 | 5824494 A 1998-10-20 | Feldberg

29 | 5851489 A 1998-12-22 | Wolf, et al.

30 | 5981268 A 1999-11-09 | Kovacs, et al.

31 | 6033628 A 2000-03-07 | Kaltenbach, et al.

32 | 6051422 A 2000-04-18 | Kovacs, et al.

34 | 6169394 B1 2001-01-02 | Frazier, et al.

35 | 6232062 B1 fgm- 05- Kayyem, et al.

37 | 6280586 B1 2001-08-28 | Wolf, et al.

38 | 6288527 B1 2001-09-11 | Sugihara, et al.

39 | 6368795 B1 2002-04-09 | Hefti, et al.

40 | 6368851 B1 2002-04-09 | Baumann, et al.

43 | 6440662 B1 2002-08-27 | Van Gerwen, et al.

44 | 6448030 B1 2002-09-10 | Rust, et al.

45 | 6448794 B1 2002-09-10 | Cheng, et al.

46 | 6461808 B1 2002-10-08 | Bodner, et al.

47 | 6472144 B2 2002-10-29 | Malin, et al.

48 | 6485905 B2 2002-11-26 | Hefti

49 | 6492175 B1 2002-12-10 | Miiller, et al.

50 | RE37977 E 2003-02-04 | Sugihara, et al.
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51 | 6535822 B2 2003-03-18 | Mansky, et al.

52 | 6566079 B2 | 2000 %% | Heft

53 | 6573063 B2 2003-06-03 | Hochman

54 | 6596499 B2 2003-07-22 | Jalink

55 | 6626902 B1 2003-09-30 | Kucharczyk, et al.

56 | 6627461 B2 2003-09-30 | Chapman, et al.

57 | 6630359 B1 2003-10-07 | Caillat, et al.

58 | 6637257 B2 2003-10-28 | Sparks

59 | 6638743 B2 2003-10-28 | Baumann, et al.

60 | 6649402 B2 2003-11-18 | Van Der Weide, et al.

61 | RE38323 E 2003-11-18 | Sugihara, et al.

62 | 6686193 B2 2004-02-03 | Maher, et al.

63 | 6716620 B2 2004-04-06 | Bashir, et al.

64 | 6723523 B2 2004-04-20 | Lynes, et al.

65 | 6803229 B2 2004-10-12 | Martin, et al.

66 | 6835552 B2 2004-12-28 | Miles, et al.

67 | 6846639 B2 2005-01-25 | Miles, et al.

68 | 6852525 B1 2005-02-08 | Cantor

69 | 6998249 B1 2006-02-14 | Mckim, et al.

70 | 7010347 B2 2006-03-07 | Schecter

71 | 7148059 B1 2006-12-12 | Tillotson, et al.

72 | 7192752 B2 2007-03-20 | Xu, et al.

73 | 7208279 B2 2007-04-24 | Gilchrist, et al.
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74 | 7294334 B1 2007-11-13 | Michal, et al.

75 | 7399631 B2 2008-07-15 | Giaever, et al.

76 | 7459303 B2 2008-12-02 | Wang, et al.

77 | 7468255 B2 2008-12-23 | Xu, et al.

78 | 7470533 B2 2008-12-30 | Xu, et al.

79 | 7476827 B1 2009-01-13 | Bhullar, et al.

80 | 7510699 B2 2009-03-31 | Black, et al.

81 | 7553448 B2 2009-06-30 | Kumar, et al.

82 | 7560269 B2 2009-07-14 | Wang, et al.

83 | 7732127 B2 2010-06-08 | Wang, et al.

84 | 7842246 B2 2010-11-30 | Wohistadter, et al.

85 | 7876108 B2 2011-01-25 | Abassi, et al.

86 | 8026080 B2 2011-09-27 | Wang, et al.

87 | 8041515 B2 2011-10-18 | Wang, et al.

88 | 8206903 B2 2012-06-26 | Wang, et al.

89 | 8263375 B2 2012-09-11 | Abassi, et al.

90 | 8344742 B2 2013-01-01 | Abassi, et al.

91 | 8420363 B2 2013-04-16 | Wang, et al.

92 | 8916357 B2 2014-12-23 | Abassi, et al.

93 | 8921041 B2 2014-12-30 | Wang, et al.

94 | 9399787 B2 2016-07-26 | Abassi, et al.

95 | 9612234 B2 2017-04-04 | Li, etal.

96 | 9625472 B2 2017-04-18 | Xu, et al.
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97 | 9709548 B2 2017-07-18 | Wang, et al.
98 | 10012636 B2 2018-07-03 | Wang, et al.
99 | 10067121 B2 2018-09-04 | Abassi, et al.
100 | 10533985 B2 2020-01-14 | Wang, et al.
101 | 10551371 A1 2020-02-04 | Wang, et al.

U.S.PATENT APPLICATION PUBLICATIONS

Pages, Columns,
Publication Lines, Where
Examiner | Cite Kind Publication Name of Patentee or Applicant of cited Relevant
Initial* No Number Code’ Date Document Passages or
Relevant
Figures Appear
1 20020010492 | A1 2002-01-24 | Donovan, et al.
2 20020032531 A1 2002-03-14 | Mansky, et al.
3 20020076690 | A1 2002-06-20 | Miles, et al.
4 20020086280 | A1 2002-07-04 | Lynes, et al.
5 20020090649 | A1 2002-07-11 | Chan, et al.
6 20020110847 | A1 2002-08-15 | Baumann, et al.
7 20020150886 | A1 2002-10-17 | Miles, et al.
8 20030032000 | A1 2003-02-13 | Liu, et al.
9 20030072549 | A1 2003-04-17 | Facer, et al.
10 | 20030104512 | A1 2003-06-05 | Freeman, et al.
11 | 20030116447 | A1 2003-06-26 | Surridge, et al.
12 | 20030143625 | A1 2003-07-31 | Matrtin, et al.
13 | 20030157587 | A1 2003-08-21 | Gomez, et al.
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14 | 20030166015 | A1 2003-09-04 | Zarowitz, et al.

15 | 20030211500 | A1 2003-11-13 | Woosley

16 | 20040091397 | A1 2004-05-13 | Picard

17 | 20040106095 | A1 2004-06-03 | Thomson, et al.

18 | 20040146849 | A1 2004-07-29 | Huang, et al.

19 | 20040152067 | A1 2004-08-05 | Wang, et al.

20 | 20050014130 | A1 2005-01-20 | Liu, et al.

21 | 20050153425 | A1 2005-07-14 | Xu, et al.

22 | 20050182447 | A1 2005-08-18 | Schecter

23 | 20050287065 | A1 2005-12-29 | Suddarth, et al.

24 | 20060023559 | A1 2006-02-02 | Xu, et al.

25 | 20060050596 | A1 2006-03-09 | Abassi, et al.

26 | 20060057771 | A1 2006-03-16 | Kovacs, et al.

27 | 20060121446 | A1 2006-06-08 | Abassi, et al.

28 | 20060161073 | A1 2006-07-20 | Singer, et al.

29 | 20060216203 | A1 2006-09-28 | Fuller, et al.

30 | 20060240490 | A1 2006-10-26 | Lee

31 | 20060252054 | A1 2006-11-09 | Lin, et al.

32 | 20070042347 | A1 2007-02-22 | Rosen, et al.

33 | 20070087333 | A1 2007-04-19 | Gruters, et al.

34 | 20070172939 | A1 2007-07-26 | Xu, et al.

35 | 20070212423 | A1 2007-09-13 | Epstein, et al.
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36 | 20070281908 | A1 2007-12-06 | Liang, et al.

37 | 20080190783 | A1 2008-08-14 | Hyland

38 | 20080286750 | A1 2008-11-20 | Xu, et al.

39 | 20090017465 | A1 2009-01-15 | Xu

40 | 20090142790 | A1 2009-06-04 | Fang, et al.

41 | 20090155821 | A1 2009-06-18 | Kunich, et al.

42 | 20090241698 | A1 2009-10-01 | Biksacky

43 | 20090325213 | A1 2009-12-31 | Gambari, et al.

44 | 20100029506 | A1 2010-02-04 | Wang, et al.

45 | 20110039294 | A1 2011-02-17 | Wang, et al.

46 | 20110231103 | A1 2011-09-22 | Fang

47 | 20110300569 | A1 2011-12-08 | Li, et al.

48 | 20120142031 | A1 2012-06-07 | Xu, et al.

49 | 20120295253 | A1 2012-11-22 | Abassi, et al.

50 | 20120322050 | A1 2012-12-20 | Abassi, et al.

51 | 20130123136 | A1 2013-05-16 | Abassi, et al.

52 | 20140203818 | A1 2014-07-24 | Wang, et al.

53 | 20150125894 | Af 3(7”5' 05- | Laing, et al.

54 | 20150185206 | A1 2015-07-02 | Abassi, et al.

55 | 20150218549 | A1 2015-08-06 | Li, et al.

56 | 20150231634 | A1 2015-08-20 | Szita, et al.

57 | 20170205391 | A1 2017-07-20 | Li, et al.
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58 | 20170269062 A1 2017-09-21 | Abassi, et al.
59 | 20170315131 A1 2017-11-02 | Xu, et al.
60 | 20170370907 A1 2017-12-28 | Abassi, et al.
61 20180246079 A1 2018-08-30 | Wang, et al.
62 | 20190195861 A1 2019-06-27 | Abassi, et al.
63 | 20200071672 A1 2020-03-05 | Zhang, et al.

FOREIGN PATENT DOCUMENTS

Pages,

Columns,

Lines

where

Examiner Cite Foreign Document | Country Kind Publication Name of Patentee or Applicant of Relevant T
Initial* No Number® Code? Code* | Date cited Document Passages

or

Relevant

Figures

Appear
1 9601836 WO A1 1996-01-25 | Nanogen, Inc. &
2 9966329 WO A1 1999-12-23 | Cenes Limited &
3 0037628 WO A1 2000-06-29 | Evotec Biosystems AG &
4 0070343 WO A2 2000-11-23 | Repliscent, Inc. &
5 0071669 WO A1 2000-11-30 | Micronas GMBH £
6 0125769 WO A3 2001-04-12 | Sophion Bioscience A/S &
7 | 01038873 Wo | A3 5201- 05- | Biotronic Technologies, Inc.
8 1138758 EP A1 2001-10-04 | NTE, S.A. &
9o | 0179529 WO | A1 | 2001-10-25 | Furdue Research

Foundation
10 | 02004943 WO | A3 | 2002-01-17 | Bristol-Myers Squibb
Company

11 | 02042766 WO | A3 3802' 05- | University Of Connecticut
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12 | 2003016887 WO A3 2003-02-27 | Signature BioScience, Inc. &
13 | 2004010103 WO A2 2004-01-29 | Acea Biosciences, Inc.
14 | 1195432 EP |B1 | 2004-06-09 | B€cton Dickinson And
Company
15 | 2005005979 WO | A1 | 2005-01-20 | Mds Inc, Doing Business
As Mds Sciex
16 | 2005047482 wo | A2 3205' 05 | Xiao xu
17 | 2005077104 WO A2 2005-08-25 | XU, Xiao &
18 | 2006015387 WO A2 2006-02-09 | Xu, Xiao
19 | 2006017762 WO A2 2006-02-16 | Abassi, Yama, A
Matsushita Electric -
20 | 1040345 EP B1 2006-03-22 Industrial Co., Ltd. i
21 | 2009137440 WO A1 2009-11-12 | Acea Biosciences, Inc.
22 | 2213721 EP |A1 | 201008.04 | P1016¢ CO- LId: Reprocel
23 | 2010129725 WO A1l 2010-11-11 | Acea Biosciences, Inc.
24 | 2011146531 WO | A1 2011-11-24 | Acea Biosciences, Inc.
National University
Corporation Tokyo Medical
25 | 2012043820 WO A1 2012-04-05 | And Dental University;
Mitsubishi Chemical
Medience Corporation
26 | 2014085727 WO A1 2014-06-05 | ACEA Biosciences, Inc.
27 | 2291645 EP B1 2015-09-09 | Acea Biosciences, Inc.
The Trustees Of Columbia
28 | 2016183143 WO A1 2016-11-17 | University Inthe City Of
New York
29 | 2017068421 WO A1 2017-04-27 | Juno Therapeutics GmbH
30 | 2017087945 Wo | A1 gg”' 05- | ACEA Biosciences, Inc.
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ARAVANIS, ALEXANDER M, et al. , "A Genetically Engineered Cell-Based Biosensor
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Derived From Mouse Embryonic Stem Cells" , Am J Physiol Heart Circ Physiol, Vol. 284
, H2114-H2123

BATALOV, IVAN, et al. , "Differentiation of Cardiomyocytes from Human Pluripotent
Stem Cells Using Monolayer Culture" , Biomarkers Insights, No. 10 (S1)
Supplementary Issue: Stem Cell Biology , 71-76
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BD FALCON , "Detect Cell Migration And Invasion In A Homogeneous Fluorescent
Assay System" , BD Biosciences , 2004 , 4 pages

BECKER, FREDERICK F, et al. , "Separation Of Human Breast Cancer Cells From
Blood By Differential Dielectric Affinity" , Proc. Natl. Acad. Sci. USA, Vol. 92; Cell Biology
, January 1995 , 860-864

10

BERDONDINI, L, et al. , "High-Density Electrode Array for Imaging In Vitro
Electrophysiological Activity" , Biosensors and Bioelectronics, Vol. 21, No.1 , 167-174

H

11

BERENS, MICHAEL E, et al. , "The Role Of Extracellular Matrix In Human Astrocytoma
Migration And Proliferation Studied In A Microliter Scale Assay" , Clinical & Experimental
Metastasis, Vol. 12, No. 6 , 1994 |, 405-415
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Warnings:
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58 Non Patent Literature NPL087-Ong.pdf no 14
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Warnings:

Information:

393458
59 Non Patent Literature NPL088-Pancrazio.pdf no 7
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Warnings:
Information:
447199
60 Non Patent Literature NPL089-Patolsky.pdf no 5
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Warnings:
Information:
Total Files Size (in bytes); 84466001

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Electronic Acknowledgement Receipt

EFS ID: 47090510
Application Number: 17993716
International Application Number:
Confirmation Number: 1061

Title of Invention:

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

First Named Inventor/Applicant Name:

Xiaobo Wang

Customer Number:

22878

Filer:

Raymond C. Wagenknecht

Filer Authorized By:

Attorney Docket Number: 20191134-16
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Application Type:

Utility under 35 USC 111(a)

Payment information:
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new applicationis being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFIGE

AND
..

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

P.0O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS | IND CLAIMS
17/993,716 11/23/2022 2820 20191134-16 30 3
CONFIRMATION NO. 1061
22878 FILING RECEIPT

Agin Tocmorgs. e 0

5301 Stevens Creek Blvd, 1A-PB
Santa Clara, CA 95051

Date Mailed: 12/16/2022

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
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)
Agilent Technologies, Inc., Santa Clara, CA;

Power of Attorney: None

Domestic Priority data as claimed by applicant

This application is a CON of 17/824,782 05/25/2022
which is a CON of 16/733,781 01/03/2020 PAT 11,360,072
which is a CON of 16/020,679 06/27/2018 PAT 10,533,985
which is a CON of 15/651,882 07/17/2017 PAT 10,012,636
which is a CON of 12/435,569 05/05/2009 PAT 9,709,548
which claims benefit of 61/191,684 09/11/2008

and claims benefit of 61/126,533 05/05/2008

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.
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Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 12/13/2022
The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 17/993,716
Projected Publication Date: 03/23/2023
Non-Publication Request: No

Early Publication Request: No
Title

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

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

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 U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop

technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 17/993,716
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (6) or (c) N/A N/A N/A N/A 320
SEARCH FEE
(37 GFR 1 16(K). (). o (M) N/A N/A N/A N/A 700
EXAMINATION FEE
o e o) N/A N/A N/A N/A 800
;I;)?‘CI"/:-\RLSIE_BS)IMS 30 minus 20= | 10 OR |x 100 1000
INDEPENDENT CLAIMS : *
(37 GFR 1.16(h)) 3 minus 3 = X 0
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0
(387 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j) 0
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1820
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE($) FEE($)
E AMENDMENT PAID FOR
w Total g i - =
S (37 CF(F)§ ?.160)) Minos X OR |x
a 7 - =
E (;9%%pﬁe??g(l?1t)) Minus X OR |x
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE($) FEE($)
E AMENDMENT PAID FOR
w Total * Minus b = X
= (37 CF(F)§ ?.16(i)) OR |x
% Independent * Minus | *** = . OR R}
w (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
Too Highest Numbaer Pravigusly Paid Eoe" (Tnta aclodenandantiisthe highast faund in the sngronriate Soxio columo
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.@.Box 1458

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
20878 7598 01/23/2023 | EXAMINER |
Agilent Technologies, Inc.
Global IP Operations
5301 Stevens Creek Blvd, 1A-PB
Santa Clara, CA 95051 | arrono | eaperNUMBER |
2858
| NOTIFICATION DATE | DELIVERY MODE |
01/23/2023 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

PTOL-90A (Rev. 04/07)
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Prioritized Examination (Track /) Examiner Art Unit AIA (FITF) Status
CHERYL P GIBSON OPET No
BAYLOR

1. THE REQUEST FILED 23 November 2022 IS GRANTED .

The above-identified application has met the requirements for prioritized examination
A. for an original nonprovisional application (Track ).
B. (J for an application undergoing continued examination (RCE).

filing a request for continued examination ;
filing a notice of appeal;

filing a request for suspension of action;
mailing of a notice of allowance;

mailing of a final Office action;

r o mmo O

completion of examination as defined in 37 CFR 41.102; or

abandonment of the application.

2. The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of the following occurs:

A. filing a petition for extension of time to extend the time period for filing a reply;

B. filing an amendment to amend the application to contain more than four_
independent claims. more than thirty total claims . or a multiple dependent claim;

Telephone inquiries with regard to this decision should be directed to CHERYL GIBSON BAYLOR at
(671)272-3213. In his/her absence, calls may be directed to Petition Help Desk at (571) 272-3282.

/ICHERYL GIBSON BAYLOR/
Paralegal Specialist, OPET

U.S. Patent and Trademark Office
PTO-2298 (Rev. 02-2012)
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17/993,716 Wang et al.
Office Action Summary Examiner Art Unit AIA (FITF) Status
AMY HE 2858 No

-- The MA/LING DATE of this communication appears on the cover sheet with the correspondence adadress --
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) Responsive to communication(s) fledon
(J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(J This action is FINAL. 2b) @ This action is non-final.

3)O 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 parte Quayle, 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) (O Claim(s) ____is/are allowed.

7) Claim(s) 1-30 is/are rejected.

8) (O Claim(s) _____is/are objected to.

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

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

3.00 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 Acli05iuglmary Part of Paper No./Mail Date 20230316



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.
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 not patentablydistinct 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).

A timely 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

WY

2. Claims 1-8, 13, 18-30 are rejected on the ground of nonstatutory double patentingas being
unpatentableover claims 1 and 4 of U.S. Patent No. 9,709,548 (thereafter referred toas Patent ‘548)in
view of Oka etal. “Anew planar multielectrode arrayfor 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 anonconductive 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 claim 1, 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 signals from multiple wells to digital

signals 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 etal.)

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 parallel across 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 parallelanalogue-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’548in view of Oka et al. discloses 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 (see claim 1, lines 31-33 of Patent’548).

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

(a) the invention was knownor used by othersin this country, or patented ordescribedin a printed
publicationin thisoraforeign country, before the invention thereofbythe applicantfora patent.
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(b) the invention was patentedordescribedina printed publicationin this ora foreigncountryorin
publicuseoronsaleinthiscountry, morethan oneyearpriortothe dateo fapplication 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 acute slice”, 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 anelectrodearray (see the 8 arraysof 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 circuitrycomprising multiple analogue-to-digital conversion channels to perform
signal 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 arrays are
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 signals from multiple wells to digital

signals 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 electronic circuitry allows parallel
analogue-to- digital (AD) conversion of impedance signals 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 signal processing and impedance calculation for measurements obtained 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 electronic circuitry 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 thesystem of claim1, wherein the electronic circuitry
performs parallel analogue-to- digital (AD) conversion of impedance signals 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 electronic circuitry
performs signal conversion, signal processing, and impedance calculation in 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 claim9, 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 between two 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
electrical traces 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 theimpedance analyzer, wherein the electrical traces 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) A patentmay not be obtained though theinvention is not identicallydisclosed or described as set
forth in section 102, if the differences betweenthe subject mattersought to be patentedandthe
priorartaresuchthatthe subject matteras a wholewouldhave beenobvious atthetimethe
invention wasmade to a person having ordinary skill inthe art to which said subject matter pertains.
Pate ntability shall not be negatived bythe mannerin whichthe invention was made.
4, Claims 14 and 15 arerejected 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 there is 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.

Examinerinterviews 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 assigned 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 toregisteredusers. 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

questions, 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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HR, HU, ID, IE, IL, IS
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO: DERWENT;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO: DERWENT;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO: DERWENT;
IBM_TDB)

OR

OR

OR

ON

ON

ON

ON

ON

ON

2023/03/15
12:21 PM

2023/03/15
12:21 PM

2023/03/15
05:12 PM

03/22/2023 02:33:48 PM
Worlspace: 17993716
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US-10539523-B2 OR

EP-2291645-A4 OR

US-20200158670-A1

OR US-20140203818-

A1 OR US-10551371-

B2 OR CA-2760941-C

OR WO-2010129725-

A1).did.

L8 17 L5 AND L7 (US-PGPUB; USPAT; |OR ON ON 2023/03/15

USOCR; FIT (AP, AT, 05:12 PM
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SlI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L9 619 ((A$1D(Analog$2 near3 |(US-PGPUB; USPAT; |OR ON ON 2023/03/15
digital) ) WITH USOCR; FIT (AP, AT, 05:19 PM
conver$4) SAME AU, BE, BG, BR, BY,

(millisecond SAME CA, CH, CN, CS, CU,

impedance) CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SlI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L10 726190 (measur$4 detect$3 (US-PGPUB; USPAT; [OR ON ON 2023/03/15
sens$3 inspect$3 USOCR; FIT (AP, AT, 05:21 PM
monitor$3 test$4 AU, BE, BG, BR, BY,
calculat$3 evaluat$3 ) |CA, CH, CN, CS, CU,

WITH (cell membrane [CZ, DD, DE, DK, EA,

well) WITH (impedance |EE, EP, ES, FI, FR, GB,

parameter) HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SlI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L11 95 L9 AND L10 (US-PGPUB; USPAT; [OR ON ON 2023/03/15

03/22/2023 02:33:48 PM 256 Page 4 of 14
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(GO1N33/4836 or
GO1N27/02 or
GO1N33/4833 or
GO1N33/48728 or

G01N33/5438).cpc.

"20220291191".pn.

"2004010103".pn.

USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,

OR

OR

OR

ON

ON

ON

ON

ON

ON

05:21 PM

2023/03/15
05:52 PM

2023/03/16
08:51 AM

2023/03/16
10:06 AM

L12 43365

L13 2

L14 9
03/22/2023 02:33:48 PM

Worlspace: 17993716
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L15

L16

L17

L18

13

L14 AND
((A$1D(Analog$2 near3
digital) ) WITH
conver$4)

"9709548".pn.

((US-10551371-B2 OR
US-9709548-B2).did.
AND USPT.dbnm.) OR
((US-20100029506-
A1).did. AND
PGPB.dbnm.) OR ((AU-
2002365810-A1 OR
EP-0566725-B1).did.
AND FTDB.dbnm.)

"20220291191".pn.

PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR: FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR: FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO; DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR: FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2023/03/16
10:07 AM

2023/03/22
11:50 AM

2023/03/22
01:43 PM

2023/03/22
01:44 PM

03/22/2023 02:33:48 PM
Worlspace: 17993716
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L19

L20

L21

32

L17L18

L19 AND optical

(Artificial Intelligence)
More like doc:
US-20100029506-A1

Text:

(EP-2291645-A1 OR
\WO-2009137440-A1

OR CA-2723223-A1 OR
US-9709548-B2 OR
EP-2291645-B1 OR
CA-2723223-C OR US-
20180095064-A1 OR
US-10012636-B2 OR

CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS: EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR: FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS: EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR: FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,

OR

OR

OR

ON

ON

ON

ON

ON

ON

2023/03/22
01:44 PM

2023/03/22
01:44 PM

2023/03/22
01:49 PM

03/22/2023 02:33:48 PM
Worlspace: 17993716

259
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US-10533985-B2 OR TH, TN, TR, TW, UA,
US-20180306771-A1 VN); FPRS; EPO;
OR US-20220291191- [JPO; DERWENT;
A1 OR US- IBM_TDB)
20210164961-A1 OR

US-11360072-B2 OR

US-10539523-B2 OR

EP-2291645-A4 OR

US-20200158670-A1

OR US-20140203818-

A1 OR US-10551371-

B2 OR CA-2760941-C

OR WO-2010129725-

A1).did.

L22 35 (Artificial Intelligence) (US-PGPUB; USPAT; |OR ON ON 2023/03/22
More like doc: USOCR; FIT (AU, AP, 01:49 PM
US-10551371-B2 AT, BE, BG, BR, BY,

Text: CA, CH, CN, CS, CU,
(US-20110039294-A1 CZ, DD, DE, DK, EA,
OR US-20200278339- |EE, EP, ES, FI, FR, GB,
A1 OR WO- HR, HU, ID, IE, IL, IS,
2010129725-A1 OR IT, JP, KR, LT, LU, LV,
EP-2427543-A1 OR MA, OA, RU, SU, WO,
CA-2760941-A1 OR MC, MD, MY, NL, NO,
CA-2760941-C OR NZ, PH, PL, PT, RO,
WO-2014085727-A1 RS, SE, SG, SI, SK,
OR US-10539523-B2 TH, TN, TR, TW, UA,
OR WO-2009137440- |VN); FPRS; EPO;
A1 OR EP-2291645-A1 |JPO; DERWENT;
OR CA-2723223-A1 OR|IBM_TDB)
US-20140203818-A1
OR US-20100029506-
A1 OR US-
20200158670-A1 OR
EP-2291645-B1 OR
US-10533985-B2 OR
US-20180306771-A1
OR CA-2723223-C OR
US-9709548-B2 OR
US-10012636-B2).did.
L23 41 L21 L22 (US-PGPUB; USPAT; |OR ON ON 2023/03/22
USOCR; FIT (AU, AP, 01:49 PM
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L24 18 L23 AND optical (US-PGPUB; USPAT; [OR ON ON 2023/03/22
03/22/2023 02:33:48 PM 260 Page 8 of 14
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L25 43427

L26 1890658

L27 7949

(GO1N33/4836 or
GO01N27/02 or
GO1N33/4833 or
G01N33/48728 or
G01N33/5438).cpc.

(measur$4 detect$3
sens$3 inspect$3
monitor$3 test$4
calculat$3 evaluat$3 )
WITH (cell membrane
well) WITH (impedance
resistance capacitance
voltage current)

L25 AND L26

USOCR: FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO: DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO: DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR: FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,

OR

OR

OR

ON

ON

ON

ON

ON

ON

01:49 PM

2023/03/22
01:52 PM

2023/03/22
01:54 PM

2023/03/22
01:55 PM

03/22/2023 02:33:48 PM
Worlspace: 17993716
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PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO,;
JPO; DERWENT;
IBM_TDB)

L28 1961 L27 AND (optical WITH |(US-PGPUB; USPAT; |OR ON ON 2023/03/22

(cell well)) USOCR; FIT (AP, AT, 01:55 PM
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO,;
JPO; DERWENT;
IBM_TDB)

L29 84 L27 AND (optical WITH |(US-PGPUB; USPAT; |OR ON ON 2023/03/22
(cell well ) WITH USOCR; FIT (AP, AT, 01:55 PM
(initiat$3 start$3)) AU, BE, BG, BR, BY,

CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO,;
JPO; DERWENT;
IBM_TDB)

L30 47 (Artificial Intelligence) (US-PGPUB; USPAT; |OR ON ON 2023/03/22

Similar to: USOCR; FIT (AP, AT, 02:07 PM
17/993,716 with 0 CPC |AU, BE, BG, BR, BY,
Selections and 0 Text |[CA, CH, CN, CS, CU,
Selections CZ, DD, DE, DK, EA,
Text: EE, EP, ES, FI, FR, GB,
(US-9709548-B2 OR HR, HU, ID, IE, IL, IS,
US-20180306771-A1 IT, JP, KR, LT, LU, LV,
OR US-10533985-B2 MA, MC, MD, MY, NL,
OR US-11360072-B2 NO, NZ, OA, PH, PL,
OR US-20210164961- |PT, RO, RS, RU, SE,
A1 OR US- SG, SI, SK, SU, TH,
20220291191-A1 OR TN, TR, TW, UA, VN,
EP-2291645-A1 OR WO))
WO-2009137440-A1

OR US-20100029506-

A1 OR CA-2723223-A1

OR CA-2723223-C OR

US-10012636-B2 OR

03/22/2023 02:33:48 PM 262 Page 10 of 14
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US-20180095064-A1
OR EP-2291645-B1 OR
US-20170205391-A1
OR US-9612234-B2 OR
US-20110300569-A1
OR WO-2011146531-
A9 OR WO-
2011146531-A1 OR
US-10761081-B2 OR
WO-2017216694-A1
OR US-20180100849-
A1 OR WO-
2015196957-A1 OR
US-20170151574-A1
OR JP-6119888-B2 OR
EP-3159400-A1 OR
CN-104789443-B OR
US-20160305927-A1
OR JP-2017519524-A
OR US-10107792-B2
OR US-20090309618-
A1 OR US-9404140-B1
OR CN-104789443-A
OR US-9399787-B2 OR
US-20160320365-A1
OR US-7876108-B2 OR
US-20050213374-A1
OR JP-2016212083-A
OR US-20230014082-
A1 OR US-
20110117542-A1 OR
US-8344742-B2 OR
US-20130123136-A1
OR US-7560269-B2 OR
CA-3187430-A1 OR
WO-2021257705-A1
OR GB-2576429-A OR
US-20100120626-A1
OR AU-2018224829-A1
OR CA-3053191-A1 OR
WO-2018157073-
A1).did.

L31 43 (Artificial Intelligence) (US-PGPUB; USPAT; |OR ON ON 2023/03/22
Similar to: USOCR; FIT (AP, AT, 02:08 PM
17/993,716 with 0 CPC |AU, BE, BG, BR, BY,
Selections and 2 Text |[CA, CH, CN, CS, CU,
Selections CZ, DD, DE, DK, EA,
Text: EE, EP, ES, FI, FR, GB,
(CA-2723223-C OR HR, HU, ID, IE, IL, IS,
US-20100029506-A1 IT, JP, KR, LT, LU, LV,
OR EP-2291645-A1 OR|MA, MC, MD, MY, NL,
US-9709548-B2 OR NO, NZ, OA, PH, PL,
CA-2723223-A1 OR PT, RO, RS, RU, SE,
EP-2291645-B1 OR SG, SI, SK, SU, TH,
WO-2009137440-A1 TN, TR, TW, UA, VN,
OR US-10533985-B2 WO))
OR US-20180306771-
03/22/2023 02:33:48 PM 263 Page 11 of 14
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L32

41

A1 OR US-
20220291191-A1 OR
US-20180095064-A1
OR US-20210164961-
A1 OR US-10012636-
B2 OR US-11360072-
B2 OR US-9612234-B2
OR WO-2011146531-
A9 OR US-
20110300569-A1 OR
WO-2011146531-A1
OR US-20050095578-
A1 OR US-
20070269875-A1 OR
WO-2005044367-A2
OR WO-2020185817-
A1 OR CA-3148918-A1
OR EP-3938530-A1 OR
AU-2020237460-A1 OR
US-9360468-B2 OR
US-20160245787-A1
OR US-20170205391-
A1 OR US-8697431-B2
OR US-10551371-B2
OR EP-3173769-A1 OR
JP-2022180500-A OR
US-20120043969-A1
OR EP-2429395-A1 OR
US-20100227385-A1
OR US-20070238165-
A1 OR US-7638321-B2
OR US-10539523-B2
OR US-20220026364-
A1 OR EP-3568677-A1
OR WO-2018132487-
A1 OR US-11041806-
B2 OR US-
20190346368-A1 OR
JP-2020509391-A OR
JP-2022525087-A OR
DE-102016225817-A1
OR CA-2491166-A1 OR
ES-2273868-T3 OR
DE-60123797-T2 OR
US-20200347337-
A1).did.

L31 AND optical

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,

OR

ON

ON

2023/03/22
02:08 PM

03/22/2023 02:33:48 PM
Worlspace: 17993716
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L33

L34

L35

L36

460961

1142

((US-10551371-B2 OR
US-9709548-B2).did.
AND USPT.dbnm.) OR
((US-20100029506-
A1).did. AND
PGPB.dbnm.) OR ((AU-
2002365810-A1 OR
EP-0566725-B1).did.
AND FTDB.dbnm.)

L33 AND optical AND
initiat$3

(optical microscope)
WITH (measur$4
detect$3 sens$3
determin$4 evaluat$3
monitor$3 test$3 )
WITH (cell
cardiomyocyte beating)

((optical microscope)
WITH (measur$4
detect$3 sens$3
determin$4 evaluat$3
monitor$3 test$3 )
WITH ((cell
cardiomyocyte ) AND

TN, TR, TW, UA, VN,
WO))

(US-PGPUB; USPAT:;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS: EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS: EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2023/03/22
02:14 PM

2023/03/22
02:15 PM

2023/03/22
02:22 PM

2023/03/22
02:22 PM

03/22/2023 02:33:48 PM
Worlspace: 17993716
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beating))

IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, S, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO; DERWENT;
IBM_TDB)

L37 59 ((optical microscope) (US-PGPUB; USPAT; [OR ON ON 2023/03/22
WITH (measur$4 USOCR; FIT (AP, AT, 02:22 PM
detect$3 sens$3 AU, BE, BG, BR, BY,
determin$4 evaluat$3 |CA, CH, CN, CS, CU,
monitor$3 test$3 ) CZ, DD, DE, DK, EA,

WITH ((cell EE, EP, ES, FI, FR, GB,
cardiomyocyte ) AND HR, HU, ID, IE, IL, IS,
beating)).clm. IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, S|, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
PE2E SEARCH - Search History (Interference)
Ref # Hits Search Query DBs Default Plurals British Time Stamp
Operator Equivalents

N1 7478 (GO1N33/4836 OR (US-PGPUB; USPAT) |OR ON ON 2023/03/22
GO01N27/02 OR 02:32 PM
GO01N33/4833 OR
GO01N33/48728 OR
GO01N33/5438).cpc.

N2 182608 (measur$4 detect$3 (US-PGPUB; USPAT) |OR ON ON 2023/03/22
sens$3 inspect$3 02:32 PM
monitor$3 test$4
calculat$3 evaluat$3 )

WITH (cell membrane
well) WITH (impedance
parameter)

N3 937 N1 AND N2 AND (US-PGPUB; USPAT) |OR ON ON 2023/03/22
optical 02:32 PM

03/22/2023 02:33:48 PM 266 Page 14 of 14
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PQ. Box 1450

Alexandria, Virgima 22313-1450
Www.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
17/993,716 11/23/2022 Xiaobo Wang 20191134-16
CONFIRMATION NO. 1061
22878 PUBLICATION NOTICE
Agilent Technologies, Inc.
Global IP Operations U R 0 O
00000013782323

5301 Stevens Creek Blvd, 1A-PB
Santa Clara, CA 95051

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

Publication No.US-2023-0130050-A1
Publication Date:04/27/2023

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTQO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/993,716 11/23/2022 Xiaobo Wang 20191134-16 1061
20878 7598 05/03/2023 | EXAMINER |
Agilent Technologies, Inc.
Global IP Operations HE, AMY
5301 Stevens Creek Blvd, 1A-PB
Santa Clara. CA 95051 | ART UNIT | PAPER NUMBER |
2858
| NOTIFICATION DATE | DELIVERY MODE |
05/08/2023 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
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Application No. Applicant(s)

17/993,716 Wang et al.
. . . i AlA (First | tol
Applicant-Initiated Interview Summary i’,\‘;(m::' A s oy s | o0

AMY HE Examiner Telephonic
Robert Kramer Attorney
Ray Wagenknecht Attomey

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.

IAMY 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) Intervimmmary Paper No. 20230503



Application No.

Applicant(s)

17/993,716 Wang et al.
. . . i AlA (First | to P
Applicant-Initiated Interview Summary ET\‘:Y'“F""I';’ A s oy staue | o0

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the
interview. (See MPEP section 713.04). If a reply to the last Office action has already been filed, applicant is given a
non-extendable period of the longer of one month or thirty days from this interview date, or the mailing date of this
interview summary form, whichever is later, to file a statement of the substance of the interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete
and proper recordation of the substance of an interview should include the items listed in MPEP 713.04 for complete
and proper recordation including the identification of the general thrust of each argument or issue discussed, a general
indication of any other pertinent matters discussed regarding patentability and the general results or outcome of the
interview, to include an indication as to whether or not agreement was reached on the issues raised.

U.S. Patent and Trademark Office
PTOL-413/413b (Rev. Oct. 2019) Intervi%mmary

Paper No. 20230503




Under the Paperwork Reduction Act of 1995, no persons are reg

PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

ired to respond to a collection of information unless it displays a valid OMB control number.

Application or Docket Number Filing Date
PATENT APPLICgIég:‘:ISEFF(RE'LEgg@ISNATION RECORD 1771993.716 11/23/2022 7o be Mailed
ENTITY: LARGE [JswmAaLL (JmICRO

APPLICATION AS FILED - PART

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L BAsIC FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
J SEARCH FEE
(37 CFR 1.16(k), (i), or (m)) N/A N/A N/A
(_J EXAMINATION FEE
(37 CFR 1.16(0), (p), or (1)) N/A N/A N/A
TOTAL CLAIMS . .
(37 GFR 1.16(i)) minus 20 = x $100 =
INDEPENDENT CLAIMS . .
(37 GFR 1.16(N) minus 3 = x $480 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
Déi;u??gg;\; SIZE FEE (37 for small entity) for each additional 50 sheets or
: fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
() MULTIPLE DEPENDENT GLAIM PRESENT (37 GFR 1.16(j)
" If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
- 06/23/2023 Z{E?AEA;{N'NG gggﬁéﬁsw PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * - *x _ _
E (37 CFR 1.16(1) 30 Minus 30 =0 x $100 - 0
Z | Independent x . oxx _ —
g (37 CFE{ 1.16(h)) 3 Minus 3 =0 X $ 480 - 0
< ) Application Size Fee (37 CFR 1.16(s))
(] FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR
1.16(j))
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
RE/':AFﬂEL‘NG PF'{\'ELi/'\IAgESRLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
LU | Total * - *x = -
= | B7CFR 1160 Minus B X $ 0 -
O [ independent B ; i _
E 37 CFE{ 1.16(h)) Minus = x $0 =
s | UJ Application Size Fee (37 CFR 1.16(s))
< (] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE
* |f the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE
* If the "Highest Number Previously Paid For” IN THIS SPAGE is less than 20, enter "20". /TERRANCE R LAWRENCE/
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. 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 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 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.

/f you need assistance in completing the fonn, call 1-800PT0O-9199 and select option 2.
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Doc Code: PA..
Document Description: Power of Attorney

PTO/AIA/82A (07-13)

Approved for use through 03/31/2021. OMB 0651-0035
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 displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the

Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 17/993,716

Filing Date November 23, 2022

First Named Inventor

Xiaobo Wang et al.

Title

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

Art Unit 2858

Examiner Name AMY HE

Attorney Docket Number |20191134-16 (A2185-9003)

SIGNATURE of Applicant or Patent Practitioner

Signature /W|”|am FortunatO/

Date (Optional)

June 23, 2023

Name

William Fortunato

Registration
Number

76,212

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

v

*Total of 2 forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. 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 3 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, 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.

If you need assistance in completing the fﬁlylzcall 1-800-PT0O-9199 and select option 2.




Doc Code: PA..

. PTO/AIA/82B (07-13)
Document Description: Power of Attorney Approved for use through 03/31/2021. OMB 0651-0035

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 displays a valid OMB control number

POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or
the boxes below.

Application Number Filing Date

(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.)

| hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittal letter (form PTO/AIA/82A) or identified above:

OR 188545

|:| | hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.)

Please recognize or change the correspondence address for the application identified in the attached transmittal
letter or the boxes above to:

The address associated with the above-mentioned Customer Number
OR

|:| The address associated with Customer Number:
OR

|:| Firm or
Individual Name

Address

City | state | Zip
Country

Telephone I Email I

| am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

Agilent Technologies, Inc.

|:| Inventor or Joint Inventor (title not required below)

|:| Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below)
Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer’s title if applicant is a juristic entity)

|:| Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the
application or is concurrently being filed with this document) (provide signer’s title if applicant is a juristic entity)
SIGNATURE of Applicant for Patent

The undersigned (whose title is supplied below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature /Jasbir Sagoo/ I Date (Optional) |N0v 23, 2022
Name Jasbir Sagoo
Title Assaociate Vice President of IP, LSAG, Agilent Technologies, Inc.

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements
and certifications. If more than one applicant, use multiple forms.

Total of 2 forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. 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 3 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, 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.

If you need assistance in completing the Brfi3call 1-800-PTO-9199 and select option 2.




Electronic Patent Application Fee Transmittal

Application Number: 17993716

Filing Date: 23-Nov-2022

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

First Named Inventor/Applicant Name: Xiaobo Wang
Filer: William Fortunato/Brynn Kooyenga
Attorney Docket Number: 20191134-16

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sul:j;l’;(t:)l in
Basic Filing:
Pages:
Claims:
CLAIMS IN EXCESS OF 20 1202 10 100 1000

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount Sul:j—s'l'g(t:)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1000
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Electronic Acknowledgement Receipt

EFS ID: 48199715
Application Number: 17993716
International Application Number:
Confirmation Number: 1061

Title of Invention:

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

First Named Inventor/Applicant Name:

Xiaobo Wang

Customer Number:

22878

Filer:

William Fortunato/US Patent Mail

Filer Authorized By:

William Fortunato

Attorney Docket Number: 20191134-16
Receipt Date: 23-JUN-2023
Filing Date: 23-NOV-2022

Time Stamp: 17:06:12

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $1000

RAM confirmation Number E20236MH06358204
Deposit Account 021818

Authorized User

US Patent Mail

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.17 (Patent application and reexamination processing fees)

37 CFR 1.16 (National application filing, search, and examina%ees)




File Listing:

Document I . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
369114
Amgndmgnt/Req uest for. 20191134-16_Amendment_an
1 Reconsideration-After Non-Final no 29
- d_Response_to_NFOA.pdf
Re jection 550ce9705b79be222663ﬁ9b 24d4361888ffe(
Warnings:
Information:
201739
2 Power of Attorney 20191134-16_POA.pdf no 2
6943447fa9012e6ef42657d72f7104930d 1|
47eb
Warnings:
Information:
38035
3 Fee Worksheet (SB06) fee-info.pdf no 2
9d920a4755f129da13992c1ef7d217d918e)|
2baSe
Warnings:
Information:
Total Files Size (in bytes): 608888

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new applicationis being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
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AMENDMENT AND RESPONSE TO NON-FINAL OFFICE ACTION
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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.
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Amendments to the Specification

Please replace 94/ [00115], [00145], [00154], and [00163] of the Specification as filed with
the following amended 99/ [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 et 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 +swel 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-miHiseconds-

[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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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 44 [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
i‘ig‘;‘)’ggic uM 115-136 0.16 increased
agonist

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

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
UM ~ 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 LM to~90 to 0.17 change
Verpamil Ca channel 130 nM From ~ 65 From 0.13 From ~ 65
blocker to 0 to 0.06 bpm to only
occasional
single
beating.
Rosglitazone | PPAR agonist | 13.3 [[uM]] From ~79 to | From 0.22 No pattern
UM ~75 t0 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]] WM | From ~ 62 From 0.16 Pattern
Inhibitor to~ 60 to 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
315695196.1
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pattern
changes after
2 hrs.
Cyclosporin | Calcineurin 13.3 [[uM]] From ~70to | 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 M over 150 t0 0.025 changed,
antagonist e much faster
and irregular
Sotalol 13.3 [[uM]] From ~ 80 to | From 0.27 Much faster,
~ 160 t0 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 ~ 65to | From 0.2 Beating
toxicant [[o]] 0 to 0 stopped
Endosulfan insecticide 8 [[uM]] uM | From ~ 75 to | From 0.2 Beating
[[]]0 to 0 stopped

Please replace Y9 [00186-88] of the Specification as filed with the following amended
[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, 586aM 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. #4B—€-D—E-—FE—-G-and-H 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 funetion380—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.

315695196.1

288



12
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

Amendmenis (o 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-system An apparatus for continuous, label free, real-time

monitoring of cells[[,]] using impedance-based analysis, the system apparatus comprising:
a) a-device-for-monttoring-cell-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-for-measurement-of-cell-substrate-tmpedanee:

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

tmpedanece-fromthe-plurality-ofwells:
e)-electronte-cirenttry-compristng-multiple_at least two analogue-to-digital conversion

channels|[[,]] .coupled to the plurality of electrode arrays, wherein the-electronic-etrenitsy
electrically-conneets-the-electrode-arrays-te the impedance analyzer sueh-that-the-electrode-arrays
are-eleetrteally-monttored 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-cel-

substrate-tmpedanee:

2. (Currently Amended) The system apparatus of claim 1, wherein the multipte 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. simultaneousty-

3. (Cancelled)

4. (Currently Amended) The system apparatus of claim 1, wherein the eleetronie-ctrenttry
plurality of analogue-to-digital conversion channels performs signal conversion in parallel across

multiple wells.

5. (Cancelled)

6. (Currently Amended) The system apparatus of claim 1, wherein the eleetrenie-eirenitry
plurality of analogue-to-digital conversion channels is configured for monitoring multiple cell-

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

the same time.

7. (Cancelled)

8. (Cancelled)

0. (Currently Amended) The system apparatus of claim 1, wherein the systes apparatus

comprises an electromechanical apparatus-eapable-ef configured for interfacing a-multi-well

deviee the multiwell plate with one or more platforms.

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

platferm.

11.  (Currently Amended) The systems apparatus of claim 1, wherein the devieefor
monttoring-cel-substrate-impedance-compristng-the multiwell plate comprises a two-piece

315695196.1

290



14
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
structure wherein the nonconductive substrate is attached to a bottomless plate to form a bottom

surface of the wells.

12.  (Currently Amended) The system apparatus_of claim 1, wherein the nonconductive
substrate s-suttablefor-cell-attachment-wa includes a precoat comprising one or more

compounds that improve cell attachment.

13.  (Currently Amended) The system apparatus of claim 1, wherein the eleetronie-eirenitry-ts
conbicured-to-measure-with-a-time-difference-between-two-adjacent impedance measurements
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;
a)-a-device-formonitoring-cel-substrate-impedance-the-deviee 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

measurement-of cell-substrate-impedanee:

[[b)]] c) 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
thepluratity-ofwells-

e)-electronte-etrenitry-that-electrieall y-conneets-the-electrode-arraysto-the tmpedanee
analyzer—wheretn-the-electronte-etrenttry-performs-stenal-conversion-tn-paralel-across-multiple
wels-sueh-that- the-electrode-arrays-are-electricall y-monttored-at-milisecond-tirne-resolution:-and

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-ceH-substrate-tmpedanee-

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-device-formonitoring-cel-substrate-impedance-the-deviee a well plate comprising a

plurality of electrode arrays formed a-plarality-efwells on a nonconductive substrate, wherein

each electrode array of the plurality of weHs 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; eesmprises-an-electrode-array-fabricated-on-the-substrate-for
measurement-of eel-substrate-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:

measures-eeH-substrate-tmpedanee-from-the-plurality-of wels:

¢) electronic circuitry that electrically connects the plurality of electrode arrays to the
impedance analyzer to-eleetrically-monitor-the-electrode-arrays-such-that-a-time-difference
between-two-adjacent-measurements-isless-than-500-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-cell—substrate

impedanee-

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 claim 24, wherein the impedance analyzer separates the cell-

substrate impedances from a background electrode impedance measured with the cell sample

tuside the corresponding well,

48 (New) The system of claim 24, wheretn the impedance analyzer separates the cell-
substrate impedances from a background electrode impedance measured with a cell culture

media inside the corresponding well

49, {(New) The system of claim 24, wherein the impedance analyzer weasures impedances
between 0.1 ohms and 10° ohms via an alternating current applied i a frequency range of ]

Hertz (Hz) to | Megahertz (MHz),
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Remarks

This response is submitted in reply to the Non-Final Ottice Actior: of March 28, 2023 In
the Office Action, claims 1-30 were pending. With entry of this response, claums 1, 2, 4, 6, 9-13,
18, 24, and 31-49 shall be pending. Claims 1, 2, 4, 6, 9-13, 18, and 24 are amended; claims 3. 5,
7, & 14-17, 1923, and 25-30 are cancelled: 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 1 added with these amendments and new claims. Support
for the amendments can #e found at least in % [0014], [0024-25], [0065-66], [0112], [0128],
[O13&], [0145-48], [0167], and [0173-74] of the Specification as originally filed. Favorabie
reconsideration of this applicanon is respectfully requested 1n view of these amendments and the

following remarks.

Statemert of Srbstance of (nterview

On May 3, 2023, Applicant’s representatives Robert Kramer (Reg. No.: 51,2423 and
Raymond Wagenknecht {Reg No . 50,94&) conducted a telephonie mterview with Examiner He
During the interview, the parties discussed the rejections under 35 U .8.C % 102 and the double
patenting rejections with tocus on how the OUka reference ditfers from the present invention. The
parties discussed proposed amendments to clanfy the differences o the claims from the Ok
reference. Although the parties could not come to agreement on the allowability of the claims,
Applicant thanks Examiner He for the courtesies extended during the interview and the opportanity

to better understand the reasoning behind the rejection.

Amendments to the Specification
Applicant submits that the amendrments to 95 [00145], [00154], [00163], [00169], [00178-
79], [00182-83], and [00186-88] and Tables I and II of the Specification as filed add no new

matter, and merely correct tvpographical and graramatical infermalities.

315695196.1

296



20
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

Diguble Patenting

In the Office Action, claims [-8, 13, and 18-30 stand rejected on the grounds of
nonstatutory double patenting as allegedly being unpatentable over claims 1 and 4 of US. Patent
N 9,709,548 {hereinafter, the "548 patent) tn 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
electromc circuity comprises multiple analogue-to-digital conversion channels, and ciies to 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.”

Claito 1, as amended, recites, 1o 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
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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 14, 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.

Rejections Under 35 UK 8 142

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.

I1. 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 is 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 aresistance 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 (WA) (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 § [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.

III.  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 USC § 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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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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188545 POA ACCEPTANCE LETTER

A R

Global IP Operations
5301 Stevens Creek Bivd, 1A-PB
Santa Clara, CA 95051

Date Mailed: 07/06/2023

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 06/23/2023.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/mteklemichael/
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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.@. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
188545 7598 07/19/2023
Agilent Technologies, Inc./K&L Gates LLP HE, AMY
Global IP Operations
5301 Stevens Creek Blvd, 1A-PB | ARTUNIT PAPERNUMBER |
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 75 9._ 07/19/2023 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
5301 Stevens Creek Blvd, 1A-PB the USPTO via EFS-Web or by facsimile to (571) 273-2883, 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
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
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of upto 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/AIA/122 or PTO/SB/122) attached.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
AIA/47 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)

w

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 [dPublication Fee (if required)
4b. Method of Payment: (Please first reapply any previeusly paid fee shewn abeve)

() 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

) 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 smallentity 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.@. 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 7598 07/19/2023
Agilent Technologies, Inc./K&L Gates LLP HE, AMY
Global IP Operations
5301 Stevens Creek Blvd, 1A-PB | ARTUNIT PAPERNUMBER |
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,
Virginia22313-1450. 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 Oftice 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 S 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 (42U.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. 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, arkgjl)g:ication open to public inspection or an issued patent.

9. A record from this system of records may be di ed, 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.



Application No. Applicant(s)
. . 17/993,716 Wang et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
AMY HE 2858 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence 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.

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

2.0 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) LJAII b) J Some* c) OJ None of the:
1. [ Certified copies of the priority documents have been received.
2. O Certified copies of the priority documents have been received in Application No.
3. [J 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.

5.0J CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 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)

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

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

3.0J Examiner's Comment Regarding Requirement for Deposit 7. O Other .

of Biological Material

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

IAMY 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 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
ArtUnit: 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 analyzer that independently measures a cell-substrate
impedance at each well, the cell-substrate impedance being measured between a first electrode
structureand a second electrode structureof the electrode arrayand across a cellular sample
comprising a plurality of cells disposed within each well, 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 suggest a
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 Page 3
Art Unit: 2858

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 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 the first 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 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 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 comhbination
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 earliercommunications 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.

Examinerinterviews 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 organizationwhere 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 Center is availableto 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
questions, contact the 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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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |i7993 716 Wang et al.
H ““H Examiner Art Unit
AMY HE 2858
CPC
Symbol Type Version
GO1N 4836 F 2013-01-01
GO1N 4833 | 2013-01-01
GO1N 48728 | 2013-01=01
GO1N 5438 | 2013-01-01
GO1N | 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 30
IAMY HE/ 13 July 2023 . . -
Primary Examiner, Art Unit 2858 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 1A

U.S. Patent and Trademark Office
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

17/993,716 Wang et al.
Examiner Art Unit
AMY HE 2858

INTERNATIONAL CLASSIFICATION

CLAIMED

GO01N33/483

GO01N33/487

GO01N33/543

GO01N27/02

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS

SUBCLASS

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 30
/AMY HE/ 13 July 2023 . . -
Primary Examiner, Art Unit 2858 y O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 1A

U.S. Patent and Trademark Office
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification |i7993 716 Wang et l.

H ““H Examiner Art Unit
AMY HE 2858

O Claims renumbered in the same order as presented by applicant [J CPA (J T.D. O R.1.47
CLAIMS

Final |Original|Final |Original|Final [Original|Final [Original|Final [Original]Final |Original]Final ]Original|Final [Original
1 1 6 10 19 28 17 37 27 46
2 2 7 11 20 29 18 38 28 47
3 8 12 21 30 19 39 29 48
3 4 9 13 22 10 31 20 40 30 49
5 14 23 11 32 21 1
4 6 15 23 24 12 33 22 42
7 16 25 13 34 24 43
8 17 26 14 35 25 44
5 9 16 18 27 15 36 26 45
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 30
IAMY HE/ 13 July 2023 ) . P
Primary Examiner, Art Unit 2858 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 1A
U.S. Patent and Trademark Office Part of Paper No.: 20230713
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Application/Control No. Applicant(s)/Patent Under Reexamination
Search Noles 17/993.716 Wang et al.
T
AMY HE 2858
CPC - Searched*
Symbol Date Examiner
GO01N33/4836 OR GO1N27/02 OR GO1N33/4833 OR G01N33/48728 07/12/2023 AH
OR G01N33/5438
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes

Search Notes Date Examiner
GO01N33/4836 OR GO1N27/02 OR G01N33/4833 OR G01N33/48728 07/12/2023 AH

OR G01N33/5438 COMBINED WITH TEXT SEARCH updated
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PE2E SEARCH - Search History (Prior Art)

Ref #

Hits

Search Query

DBs

Default
Operator

Plurals

British
Equivalents

Time Stamp

L50

L51

L52

L53

10

10

((US-10551371-B2 OR
US-9709548-B2 OR
US-5810725-A).did.
AND USPT.dbnm.) OR
((US-20100029506-A1
OR US-20050279634-
A1 OR US-
20050118565-A1 OR
US-20030111343-A1
OR US-20230130050-
A1).did. AND
PGPB.dbnm.) OR ((AU-
2002365810-A1 OR
EP-0566725-B1).did.
AND FTDB.dbnm.)

"20230130050"

"20230130050" AND
(vitro morphological)

((US-10551371-B2 OR
US-9709548-B2 OR
US-5810725-A).did.

AND USPT.dbnm.) OR

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,

CA, CH, CN, CS, CU,

EE, EP, ES, FI, FR, GB,

EE, EP, ES, FI, FR, GB,

EE, EP, ES, FI, FR, GB,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2023/0712
09:34 AM

2023/0712
09:35 AM

2023/07112
10:49 AM

2023/0712
10:56 AM

07/13/2023 12:18:42 PM
Worlspace: 17993716
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((US-20100029506-A1 |CZ, DD, DE, DK, EA,
OR US-20050279634- |EE, EP, ES, FI, FR, GB,
A1 OR US- HR, HU, ID, IE, IL, IS,
20050118565-A1 OR IT, JP, KR, LT, LU, LV,
US-20030111343-A1 MA, MC, MD, MY, NL,
OR US-20230130050- [NO, NZ, OA, PH, PL,
A1).did. AND PT, RO, RS, RU, SE,
PGPB.dbnm.) OR ((AU- |SG, SI, SK, SU, TH,
2002365810-A1 OR TN, TR, TW, UA, VN,
EP-0566725-B1).did. WO); FPRS; EPO,;
AND FTDB.dbnm.) JPO; DERWENT;
IBM_TDB)

L54 48 (Artificial Intelligence) (US-PGPUB; USPAT; |OR ON ON 2023/07/12

Similar to: USOCR; FIT (AP, AT, 11:00 AM
17/993,716 with 0 CPC |AU, BE, BG, BR, BY,
Selections and 0 Text |[CA, CH, CN, CS, CU,
Selections CZ, DD, DE, DK, EA,
Text: EE, EP, ES, FI, FR, GB,
(US-20190322094-A1 HR, HU, ID, IE, IL, IS,
OR US-9709548-B2 OR|IT, JP, KR, LT, LU, LV,
US-20180306771-A1 MA, MC, MD, MY, NL,
OR US-10533985-B2 NO, NZ, OA, PH, PL,
OR WO-2009137440- |PT, RO, RS, RU, SE,
A1 OR US- SG, SI, SK, SU, TH,
20210164961-A1 OR TN, TR, TW, UA, VN,
US-20220291191-A1 WO))
OR EP-2291645-A1 OR
US-20040045839-A1
OR US-20230130050-
A1 OR CA-2723223-A1
OR CA-2723223-C OR
US-10012636-B2 OR
US-20180095064-A1
OR EP-2291645-B1 OR
US-20170205391-A1
OR US-9612234-B2 OR
US-20110300569-A1
OR WO-2011146531-
A9 OR WO-
2011146531-A1 OR
CN-102549141-A OR
WO-2017216694-A1
OR US-20040000901-
A1 OR WO-
2015196957-A1 OR
US-20170151574-A1
OR WO0O-2010022391-
A9 OR CN-104789443-
B OR US-
20190374947-A1 OR
JP-2017519524-A OR
US-10107792-B2 OR
US-20090309618-A1
OR US-9404140-B1 OR
CN-104789443-A OR
US-9399787-B2 OR
US-20160320365-A1
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L55

43

OR US-7876108-B2 OR
US-20050213374-A1
OR JP-2016212083-A
OR US-20230014082-
A1 OR US-
20110117542-A1 OR
US-8344742-B2 OR
US-20130123136-A1
OR US-7560269-B2 OR
WO-2021257705-A1
OR CN-104737010-A
OR GB-2576429-A OR
US-20100120626-A1
OR EP-2556371-B1 OR
CA-3053191-A1 OR
WO-2018157073-
A1).did.

(Artificial Intelligence)
Similar to:

17/993,716 with 0 CPC
Selections and 4 Text
Selections

Text:
(JP-2021500537-A OR
US-20210142182-A1
OR EP-2494400-A1 OR
KR-100952330-B1 OR
US-20030206001-A1
OR US-20100143944-
A1 OR US-
20220325329-A1 OR
US-10676774-B2 OR
CA-2778725-A1 OR
US-10481076-B2 OR
\WO-2007106306-A2
OR US-20170285059-
A1 OR WO-
2008155072-A1 OR
CN-115335531-A OR
CN-1426534-A OR JP-
2014110780-A OR ES-
2352344-T3 OR US-
20190086388-A1 OR
EP-1907966-A1 OR
EP-0980516-A1 OR
CN-107917940-B OR
WO-2012143463-A1
OR JP-2009528515-A
OR US-10299711-B2
OR EP-3851516-A1 OR
US-20230105724-A1
OR CN-103460224-B
OR CN-109932398-A
OR JP-20180538240-
A5 OR RU-2553371-C2
OR WO-2004037405-
A1 OR WO-

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO0))

OR

ON

ON

2023/07112
11:02 AM

07/13/2023 12:18:42 PM
Worlspace: 17993716

323
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AH




2012128962-A1 OR JP-
4206900-B2 OR RU-
2013115758-A OR KR-
20230099647-A OR
RU-2606938-C2 OR
DE-69918389-T2 OR
US-20100015697-A1
OR WO-2009083814-
A2 OR WO-
2017131726-A1 OR
US-20120058547-A1
OR JP-20050515475-
A5 OR US-10241054-
B2 OR US-
20180052181-A1 OR
CA-3115287-A1 OR
WO-2021191793-A1
OR EP-2356448-A1 OR
US-20150198615-A1
OR US-20180356397-
A1 OR KR-101872380-
B1).did.

L56 4383 N4 AND (well array cell |(US-PGPUB; USPAT; |OR ON ON 2023/07/12

converter) USOCR; FIT (AP, AT, 11:14 AM
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L57 32 (Artificial Intelligence) (US-PGPUB; USPAT; |OR ON ON 2023/07/12
More like doc: USOCR; FIT (AU, AP, 11:18 AM
US-10551371-B2 AT, BE, BG, BR, BY,
Text: CA, CH,CN, CS, CU,
(US-20110039294-A1 CZ, DD, DE, DK, EA,
OR US-20200278339- |EE, EP, ES, FI, FR, GB,
A1 OR EP-2427543-A1 |HR, HU, ID, IE, IL, IS,
OR WO-2010129725- |IT, JP, KR, LT, LU, LV,
A1 OR CA-2760941-A1 [MA, OA, RU, SU, WO,
OR CA-2760941-C OR |MC, MD, MY, NL, NO,
WO-2014085727-A1 NZ, PH, PL, PT, RO,
OR EP-2291645-A1 OR|RS, SE, SG, SI, SK,
CA-2723223-A1 OR TH, TN, TR, TW, UA,
US-20100029506-A1 VN); FPRS; EPO;

OR EP-2291645-B1 OR |JPO; DERWENT,;
US-10533985-B2 OR IBM_TDB)
US-20180306771-A1
OR CA-2723223-C OR
US-9709548-B2 OR
07/13/2023 12:18:42 PM 324 Page 4 of 9

Worlspace: 17993716
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US-10012636-B2 OR
US-20180095064-A1
OR US-20210164961-
A1 OR US-11360072-
B2 OR US-
20220291191-A1).did.

L58 29 (Artificial Intelligence) (US-PGPUB; USPAT; |OR ON ON 2023/07/12
More like doc: USOCR; FIT (AU, AP, 11:22 AM
US-20100029506-A1 AT, BE, BG, BR, BY,
Text: CA, CH, CN, CS, CU,
(WO-2009137440-A1 CZ, DD, DE, DK, EA,
OR EP-2291645-A1 OR|EE, EP, ES, FI, FR, GB,
CA-2723223-A1 OR HR, HU, ID, IE, IL, IS,
US-9709548-B2 OR IT, JP, KR, LT, LU, LV,
EP-2291645-B1 OR MA, OA, RU, SU, WO,
CA-2723223-C OR US- |MC, MD, MY, NL, NO,
20180095064-A1 OR NZ, PH, PL, PT, RO,
US-10012636-B2 OR RS, SE, SG, SI, SK,
US-10533985-B2 OR TH, TN, TR, TW, UA,
US-20180306771-A1 VN); FPRS; EPO,;

OR US-20220291191- |JPO; DERWENT,;
A1 OR US- IBM_TDB)
20210164961-A1 OR
US-11360072-B2 OR
US-20230130050-A1

OR US-9612234-B2 OR
US-20170205391-A1

OR US-20110300569-

A1 OR WO-

2011146531-A1 OR
WO-2011146531-A9

OR US-10551371-

B2).did.

L59 41 (Artificial Intelligence) (US-PGPUB; USPAT; [(OR ON ON 2023/07/12
More like doc: USOCR,; FIT (AU, AP, 11:41 AM
US-20050279634-A1 AT, BE, BG, BR, BY,
Text: CA, CH, CN, CS, CU,
(US-7678249-B2 OR CZ, DD, DE, DK, EA,
US-20100133122-A1 EE, EP, ES, FI, FR, GB,
OR US-8435393-B2 OR|HR, HU, ID, IE, IL, IS,
CN-1809628-A OR JP- [IT, JP, KR, LT, LU, LV,
3801617-B2 OR CN- MA, OA, RU, SU, WO,
100372920-C OR WO- |MC, MD, MY, NL, NO,
2005001018-A1 OR JP-[NZ, PH, PL, PT, RO,
WO02005001018-A1 OR |RS, SE, SG, SlI, SK,
JP-WO02002055653-A1 |TH, TN, TR, TW, UA,
OR WO-02099408-A1 |VN); FPRS; EPO,;

OR JP- JPO; DERWENT;
\WO2002099408-A1 OR | IBM_TDB)
JP-3570715-B2 OR KR-
20020086625-A OR
US-20040167723-A1
OR WO-2017061171-
A1 OR US-8702922-B2
OR WO-2019069707-
A1 OR KR-101993943-
B1 OR KR-
07/13/2023 12:18:42 PM 325 Page 5 of 8
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20140084139-A OR
US-7326384-B2).did.

"20220291191"

("ABASSI Y".ine. OR
"ABASSI Y A".ine. OR
"ABASSI; YAMA
A.".ine. OR "LI N".ine.
OR "WANG X".ine. OR
"WANG; XIAOBO".ine.
OR "XI B".ine. OR "XI;
BIAO".ine. OR "XU
X".ine. OR "XU;
XIAO".ine.)

((US-10551371-B2 OR
US-9709548-B2 OR
US-5810725-A).did.
AND USPT.dbnm.) OR
((US-20100029506-A1
OR US-20050279634-
A1 OR US-
20050118565-A1 OR
US-20030111343-A1
OR US-20230130050-
A1 OR US-
20040167723-A1).did.
AND PGPB.dbnm.) OR
((AU-2002365810-A1
OR EP-0566725-
B1).did. AND
FTDB.dbnm.)

L62 AND milliseconds

(US-PGPUB; USPAT:;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO: DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO: DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR: FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS; EPO;
JPO: DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2023/07112
11:48 AM

2023/07112
11:48 AM

2023/07/13
10:39 AM

2023/07/13
10:39 AM

L60 2

L61 1030563
L62 11

L63 6
07/13/2023 12:18:42 PM

Worlspace: 17993716
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L64 4

L65 1

L66 672069

L62 AND interdigitated

"20230130050" AND
interdigitated

(cell ADJ seeding)(cell
ADJ
attach$3)(impedance
WITH time)

HR, HU, ID, IE, IL, IS
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO; DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR: FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO):; FPRS: EPO;
JPO; DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR: FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO; DERWENT:
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;

OR

OR

OR

ON

ON

ON

ON

ON

ON

2023/07113
11:44 AM

2023/07113
11:45 AM

2023/07113
11:54 AM

07/13/2023 12:18:42 PM
Worlspace: 17993716

327
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L67 8

L68 672070

L69 1

L70 35

(L62 L65) AND L66

L65and L66

L65 AND L68

(Artificial Intelligence)
More like doc:
US-5810725-A

Text:

(US-6151519-A OR EP-
0585933-A2 OR EP-
0585933-B1 OR DE-

IBM_TDB)

(US-PGPUB; USPAT:;
USOCR: FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR: FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS: EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR: FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS: EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2023/07113
11:54 AM

2023/07113
11:56 AM

2023/07113
11:56 AM

2023/07113
11:58 AM

07/13/2023 12:18:42 PM
Worlspace: 17993716

o920
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69333945-T2 OR JP- MA, OA, RU, SU, WO,
H06296595-A OR JP- [MC, MD, MY, NL, NO,
3193471-B2 OR JP- NZ, PH, PL, PT, RO,
H0678889-A OR JP- RS, SE, SG, SlI, SK,
3101122-B2 OR JP- TH, TN, TR, TW, UA,
3909738-B2 OR US- VN); FPRS; EPO;
7041492-B2 OR WO- [JPO; DERWENT;
0206809-A1 OR JP- IBM_TDB)
2002031617-A OR US-
20030111343-A1 OR
TW-541433-B OR KR-
20020064283-A OR
EP-1398625-A1 OR
US-6894511-B2 OR
WO-02099408-A1 OR
US-20020113607-A1
OR CA-2377813-C).did.
L71 34 (Artificial Intelligence) (US-PGPUB; USPAT; |OR ON ON 2023/07/13
More like doc: USOCR; FIT (AU, AP, 11:58 AM
US-20030111343-A1 AT, BE, BG, BR, BY,
Text: CA, CH, CN, CS, CcU,
(EP-1398625-A1 OR CZ, DD, DE, DK, EA,
US-7041492-B2 OR EE, EP, ES, FI, FR, GB,
WO-03001194-A1 OR [HR, HU, ID, IE, IL, IS,
KR-100481743-B1 OR |IT, JP, KR, LT, LU, LV,
KR-20030031463-A OR |[MA, OA, RU, SU, WO,
CN-1440505-A OR CN- |MC, MD, MY, NL, NO,
1204396-C OR TW- NZ, PH, PL, PT, RO,
524973-B OR JP- RS, SE, SG, SlI, SK,
2001281201-A OR US- |TH, TN, TR, TW, UA,
6894511-B2 OR EP- VN); FPRS; EPO;
1300678-B1 OR CA- JPO; DERWENT,;
2377813-C OR US- IBM_TDB)
20020113607-A1 OR
EP-1300678-A1 OR
EP-1398625-A4 OR
KR-20020064283-A OR
JP-H11187865-A OR
JP-2002523726-A OR
TW-541433-B OR JP-
2002031617-A).did.
PE2E SEARCH - Search History (Interference)
Ref # Hits Search Query DBs pefault Plurals British Time Stamp
Operator Equivalents
N4 1399 N1 AND N2 (US-PGPUB; USPAT) |OR ON ON 2023/07/12
11:12 AM
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UNITED STATES . P.0.Box1450
m PATENT AND TRADEMARK OFFICE Alexandria, VA 2231 e

ELECTRONIC PAYMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
17/993,716 09/25/2023 04:46:12 PMET 20191134-16

Title of Invention

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

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT #
under 35 USC 111(a)

CONFIRMATION # 1061 FILED BY Brynn Kooyenga
PATENT CENTER # 62861543 AUTHORIZED BY William Fortunato
CUSTOMER # 188545 FILING DATE 11/23/2022
CORRESPONDENCE - FIRST NAMED Xiaobo Wang
ADDRESS INVENTOR
Payment Information
PAYMENT METHOD PAYMENT TRANSACTION ID PAYMENT AUTHORIZED BY
DA /021818 E202390G 47207546 US Patent Mail
PRE-AUTHORIZED ACCOUNT PRE-AUTHORIZED CATEGORY
021818 37 CFR 1.16 (National application filing, search, and examination fees); 37
CFR 1.17 (Patent application and reexamination processing fees)

FEE CODE DESCRIPTION ITEM PRICE($) QUANTITY ITEM TOTAL($)
1501 UTILITY ISSUE FEE 1200.00 1 1200.00

TOTAL AMOUNT: $1,200.00

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.5.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application 330
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National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EQ/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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PART B-FEE(S) TRANSMITTAL

Complete and send this form, together with the 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, VA 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.
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

. . , papers. Each additional paper, such as an assigmnent or formal drawing, must
Agllent TeChHOIOgleS’ Inc./K&L Gates LLP have its own certificate of mailing or transmission.

Global IP Operatlons Certificate of Mailing or Transmission
evens Lree vda. - hereby certify that this Fee(s) Transmittal is being deposited with the Unite
5301 St Creek Blvd. 1A-PB 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
Santa Clam’ CA 95051 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
William Fortunato (Typed or printed name)
/William Fortunato/ (Signature)
September 25, 2023 (Date)
APPLICATIONNO FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO CONFIRMATIONNO
17/993,716 11/23/2022 Xiaobo Wang A2185-9003 1061

ITTLE OF INVENTION: LABEL-FREEMONITORING OF EXCITATION-CONTRACTION COUPLING AND EXCITABLE
~ CELLS USING IMPEDANCE BASED SYSTEMS WITH MILLISECOND TIME RESOLUTION

APPLN: TYPE ENTUTY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUEFEE TOTAL FEE(S) DUE DATE DUE
nonprovisional [ UNDISCOUNTED $1,200.00 $0.00 $0.00 $1,200.00 10/19/2023
EXAMINER ART UNIT CLASS-SUBCLASS
HE, AMY 2858 506-010000
1. Change of correspondence address or indication of "Fee 2. For printing on the patent front page, list
Address" (37 CFR 1.363) L. K&L Gates LLP

(1) The names of up to 3 registered patent attorneys

Change of conrespondence address (or Change of oragents OR, altematively,

2.
Correspondence Address form PTO/SB/122) attached. (2) The name of a single firm (having as a member
D “Fee Address” indication (or “Fee Address” Indication form aregistered attorney or agent) and the names of
PTO/AIA/47 or PTO/SB/47; Rev 03-09 or mote recent) up to 2 registered patentattorneys or agents. If 3.
attached. Use of a Customer Number is required, 1o name is listed, no name will be printed.
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)
AGILENT TECHNOLOGIES, INC. SANTA CLARA, CA

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

4a. Fees Submitted: Issue Fee |:| Publication Fee (if required)
4b. Method of Payment (Please first reapply any previously paid fee shown above):

Electronic Payment via Patent Center or EFS-Web D Enclosed check D 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. 02-1818
5. Change of Entity Status (from status indicated above)
D Applicant certifying micro entity status. See 37 CFR 1.29.  NOTE: Absentavalid 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.

D Applicant asserting small entity status. See 37 CFR 1.27. NOTE: If the application was previously under micro entity status, checking this box will be taken as
. a notification of loss of entitlement to micro entity status.

D Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken as a notification of loss of entitlement to small or micro 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 /William Fortunato/ Date  September 25,2023

PTOL-85 Part B (03-23) Approved for use through 03/31/2023 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

316560073
316560073.1
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UNITED STATES PO, Box 1450
m PATENT AND TRADEMARK OFFICE Alexandria, e o g2y

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE /TIME ATTORNEY DOCKET #

17/993,716 09/25/2023 04:46:12 PMET 20191134-16

Title of Invention

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

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # -
under 35 USC 111(a)

CONFIRMATION # 1061 FILED BY Brynn Kooyenga
PATENT CENTER # 62861543 FILING DATE  11/23/2022
CUSTOMER # 188545 FIRST NAMED Xiaobo Wang
INVENTOR
CORRESPONDENCE AUTHORIZED BY  William Fortunato
ADDRESS

Documents TOTAL DOCUMENTS: 1
DOCUMENT PAGES DESCRIPTION SIZE (KB)
A2185-9003 -- 21091134-16 - 1 Issue Fee Payment (PTO-85B) 140 KB

- Issue Fee Transmittal.pdf

Digest

DOCUMENT MESSAGE DIGEST(SHA-512)

A2185-9003 -- 21091134-16 -- 320E8E264A40468A5C298310A05E40659950169A55EEBOD71A
Issue Fee Transmittal.pdf 0027F2B1271EF4C8DC5114EDB38481AD42B53328DA756C 354

561B6A2593454FAC685A84D83530C

333



Page 2 of 2

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date {see 37 CFR 1.53(b)-({d)
and MPEP 506), a FilingReceipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/E0Q/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date {see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date {Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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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 WWAW.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 unless 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)

MISCELLANEOUS

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
[] 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 0851-0031
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 formto 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.
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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 (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, pursuantto 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)

s . . . 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 [Remove]
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
e e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document

Figures Appear

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

U.S.PATENT APPLICATION PUBLICATIONS |Remove|
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns, Lines where
e e Cite No . Relevant Passages or Relevant
Initial Number Code'| Date of cited Document

Figures Appear

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

FOREIGN PATENT DOCUMENTS [Remove]
Name of Patentee or Pages,Columns Lines
Examiner| Cite | Foreign Document Country Kind | Publication Aoolicant of cited where Relevant Ts
Initial* No | Number3 Code?j Code4| Date PP 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 Remove

. .. | Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite o . . !
SR (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
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)

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

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

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. Include 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 WIPO Standard ST.16 if possible. > 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

First Named Inventor | Xiaobo Wang

STATEMENT BY APPLICANT

L. Art Unit 2858
( Not for submission under 37 CFR 1.99)

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 reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] 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 law or regulation.
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UNITED STATES .0, Box 1450
m PATENT AND TRADEMARK OFFICE Alexandria, e o g2y

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
17/993,716 11/22/2023 02:47:43 PM Z ET 20191134-16

Title of Invention

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

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # -
under 35 USC 111(a)

CONFIRMATION # 1061 FILED BY David Lu
PATENT CENTER # 63359392 FILING DATE  11/23/2022
CUSTOMER # 188545 FIRST NAMED  Xiaobo Wang
INVENTOR
CORRESPONDENCE AUTHORIZED BY
ADDRESS
Documents TOTAL DOCUMENTS: 6
DOCUMENT PAGES DESCRIPTION SIZE (KB)
petition-request.pdf 2 ePetition Request Form 31 KB
317100209 _1.pdf 2 Transmittal Letter 105 KB
317100144 1.pdf 4 Information Disclosure 1234 KB

Statement (IDS) Form (SB08)

317100181 1.pdf 3 Request for Continued 1628 KB
Examination (RCE)

Yang2014 NPL.pdf 14 Non Patent Literature 5443 KB

PCTUS2009033801 8 Other reference- 267 KB
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International Search Report Patent/Application/Search

and Written Opinion.pdf Documents

Digest

DOCUMENT MESSAGE DIGEST(SHA-512)

petition-request.pdf OATAC2EACCO2A35FD4F09C3CDA45CD325B65EBTD2CA0977

67D37EBB0O50A95A4638B3B8EF2D5BEBYE3933507B7B08357D
8A19ADACBBECADAB5204EB96C9BD27BF

317100209 1.pdf 261A8CB1BD71969F65C41922FD8301EBD59B0OAFC4EBECTED
259797947A90CDBA21FE9EB08F D3A882D58EB659C 26283283
BD90202345653633ECD4D8C838C19B1

317100144 1.pdf 7DFF635BE038F0230905E1650103F06641F 71FF89B64C5B3DB
3ECIC9BBBBOCCB1EA4519803D9F02839CEA3CTB612A04F03A
5927F6A06756AE6929A0BBDC29ADS81

317100181 1.pdf 61D84F9C167D826B81CEBCE1B36C4EA156C4BCD701964CEC
AGED2F72028571C544CT7ECC62A0DE2ES6E4154BE8325428FD
9A005FF8352BAD381F6548A85F4C4BB

Yang2014 NPL.pdf 481460374293DBB53998A04E8A22A1810EFOCCOACHECOH6CDY03
C6C76964355FC83D2C059CB92B243AA4D1027B346EBE3BCE
D812324E5959283B4BCC4B242B98400

PCTUS2009033801 31D759BB208590048D273FE4DE24EFIDES8205BCF77834CBC
International Search Reportand  3ED02B769455560E452642BD0B89D25B65B50655488639FBD4
Written Opinion.pdf D525E92307CD7261705285539659A

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application
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National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EQ/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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| hereby certify that this paper (along with any paper referred to as being attached
or enclosed) is being transmitted via the Office electronic filing system in
accordance with 37 C.F.R. § 1.6(a)(4).

B Somatues i David Lu: /David Lu/ Docket No.: A2185-9003 (20191134-16)
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:

Xiaobo Wang et al. Allowed: July 19, 2023
Application No.: 17/993,716 Confirmation No.: 1061
Filed: November 23, 2022 Art Unit: 2858

For: LABEL-FREE MONITORING OF Examiner: A. He

EXCITATION-CONTRACTION
COUPLING AND EXCITABLE CELLS
USING IMPEDANCE BASED SYSTEMS
WITH MILLISECOND TIME
RESOLUTION

INFORMATION DISCLOSURE STATEMENT (IDS)

Commissioner for Patents
P.O.Box 1450
Alexandria, VA 22313-1450

Dear Commissioner:

Pursuant to 37 C.F.R. §§ 1.56, 1.97, and 1.98, the attention of the United States Patent
and Trademark Office is hereby directed to the references listed on the attached PTO/SB/08. It is
respectfully requested that the information be expressly considered during the prosecution of the
above-identified application, and that the references be made of record therein and appear among

the “References Cited” on any patent to issue therefrom.

This Information Disclosure Statement, pursuant to 37 C.F.R. § 1.114(c), accompanies

the Request for Continued Examination (37 C.F.R. § 1.114) submitted herewith.

In accordance with 37 C.F.R. § 1.98(a)(2)(i1), copies of U.S. patents and U.S. patent
application publications are not submitted. Submitted herewith are copies of foreign patents and

non-patent literature in accordance with 37 C.F.R. § 1.98(a)(2).

317100209
317100209.1
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Application No.: 17/993,716 2 Docket No.: A2185-9003 (20191134-16)

In accordance with 37 C.F R. § 1.97(g), the filing of this Information Disclosure
Statement shall not be construed as a representation that a search has been made. In accordance
with 37 C.F R. § 1.97(h), the filing of this Information Disclosure Statement shall not be construed
to be an admission that the information cited in this Information Disclosure Statement is, or is

considered to be, material to patentability as defined in 37 C.F.R. § 1.56(b).

It is submitted that the Information Disclosure Statement is in compliance with

37 CFR. § 1.98, and the Examiner is respectfully requested to consider the listed references.

The Director is hereby authorized to charge any additional fees which may be required
with respect to this communication, or credit any overpayment, to Deposit Account No. 02-1818,

under Order No. A2185-9003 (20191134-16) (0528696.00002).

Dated: November 22, 2023 Respectfully submitted,

Electronic signature: /David Lu/
David Lu

Registration No.: 65,769
William Fortunato

Registration No.: 76,212
K&L GATES LLP
1 Congress Street
Suite 2900
Boston, Massachusetts 02114
(617) 261-3100

317100209.1
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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/ISA220

11027A PCT ACTION as well as, where appllcablg, 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

Th|s 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.

Itis also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report o
a. Withregard 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 furmnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

c

DDDD

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

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. |.
Certain claims were found unsearchable (See Box No. Il)

Unity of invention is lacking (see Box No lll)

4. With regard to the title,
X the text is approved as submitted by the applicant
the text has been established by this Authority to read as follows:

m[EF

5. With regard to the abstract, R
D the text is 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

6. With regard to the drawings, :
a. the figure of the drawings to be published with the abstract is Figure No.
[C]  as suggested by the applicant
D as selected by this Authority, because the applicant failed to suggest a figure
[:] as selected by this Authority, because this figure better characterizes the invention
b. [___] none of the figures is to be published with the abstract

Form PCT/ISA/210 (first sheet) (April 2007)
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international application No.

INTERNATIONAL SEARCH.REPORT PCT/US2009 /033801

Box No.lvV Text of the abstract (Continuation of item 5 of the first sheet)

The inveny: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.

Form PCT/ISA/210 (continuation of first sheet (3)) (April 2005)
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/033801

CLASSIFICATION OF SUBJECT MATTER

A. — —
INV. CO07D487/04 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 extent that such documents are included in the fields searched

EPO-Internal, CHEM ABS Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

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
[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
[US]; BERGSTROM CARL P [US]; MARTIN SCOTT
W [U) 16 August 2007 (2007-08-16)

A WO 2007/033175 A (SQUIBB BRISTOL MYERS CO
[US]; BERGSTROM CARL P [US]; BENDER JOHN A
[US) 22 March 2007 (2007-03-22)

1-5

1-5

D Further documents are listed in the continuation of Box C. E See patent family annex.

* Special categories of cited documents :

citation or other special reason (as specified)

"T" later document pubflished after the international filing date

oAx . - or priority date and not in conflict with the application but
A® document defining the general state of the art which is not : e :
considered to be of particular relevance :?‘Li?‘:%: nderstand the principle or theory underying the
°E* eg(lier document but published on or after the intemnational *X* document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to
“L* document which may throw doubts on priarity claim(s) or involve an inventive step when the document is taken alone
. which is cited to establish the publication date of another *¥* document of particular relevance; the claimed invention

cannot be considered to involve an inventive step when the

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,

*O* document referring to an oral disclosure, use, exhibition or document is combined withone or more other such docu-
other means ) ’ ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but in the art. .
later than the priority date claimed “&" document member of the same patent family
Date of the actual completion of the internationat search Date of mailing of the intemational search report
21 October 2009 30/10/2009
Name and mailing address of the ISA/ Authorized officer

Fax: (+31-70) 340-3016 Bardil 7" , Burkhart

Foim PCT/ASA/210 (second sheet) (April 2005)
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INTERNATIONAL SEARCH REPORT

information on patenf famlly 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
WO 2007033175 A 22-03-2007 AR 055165 Al 08-08-2007

Form PCT/ISA/210 (patent family annex) (April 2005)
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

| T PCT

see form PCTASA220 WRITTEN OPINION OF THE

(PCT Rule 43bis.1)

INTERNATIONAL SEARCHING AUTHORITY

Date of mailing
(day/monthirear) see form PCTASA/210 (second sheet)

Appliéant's or agent's file reference ' - FOR FURTHER ACTION

see form PCTASAR20 See paragraph 2 below
Intemational application No. . Intemational filing date (day#nonth4ear) Priority date (dayfnonthyear)
PCTAIS2009/033801 11.02.2009

International Patent Classification (IPC) or both national classification and IPC

INV. C07D487/04 A61K3155 A61P31A4

Applicant
BRISTOL- MYERS SQuUiIBB COMPANY

1.  This opinion contains indications relating to the following items:

Box No. | Basis of the opinion
Box No. |l Priority . )
Box No. Il Non-establishment of opinion with regard to novelty, 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 Certaindefects in the international application

O0R KROOOKR

Box No. VIII  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 PCTASA/220.

Name and mailing address of the ISA: Date of completion of ° | Authorized Officer
this opinion.

D-80298 Munich

" Fax: +49 89 2399 - 4465

European Patent Office . see form - i )
@ POTIaAR10 Bardili, Burkhart -y [s)

Tel. +49 89 2399 - 0 Telephone No. +49 89 2399-2132 et g0

Form PCTASAR37 (Cover Sheet) (April 2005) 351




. WRITTEN OPINION OF THE International application No.
* INTERNATIONAL SEARCHING AUTHORITY PCTAUS2008/033801

Box No.| Basis of the opinion

1. With regard to the language, this opinion has‘been established on the basis of:
X “the international application in the language in which it was filed

[0 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:
O a sequence listing
O table(s) related to the sequence listing
b. format of material:
O on paper
U in electronic form
c. time of filingfurnishing:
O contained in the international application as filed.
O filed together with the international application in electronic form.

O furnished subsequently to this Authority for the purposes of search.

4. O In addition, in the case that more than one version or copy of a sequence listing and/or 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) 352



. WRITTEN OPINION OF THE international application No.
\J INTERNATIONAL SEARCHING AUTHORITY PCT/AUS2008/033801

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

-
(64}

Industrial applicability (1A) Yes: Claims
No: Claims

2. Citations and explanations

see separate sheet

Box No. VI Certain documents cited

1. Certain published doéuments (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) 353



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 O1 .08.2008

" Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)
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STOSRAD
Reauast Form PTO/GR/ 140

UNITED STATES
PATENT AND TRADEMARK OFFICE

Alzxandria, V

PETITION TO WITHDRAW AN APPLICATION FROM ISSUE AFTER PAYMENT
OF THE ISSUE FEE UNDER 37 CFR 1.313(c)(2)

APPLICATION # ATTORNEY DOCKET # FILING DATE
17883718 201811584416 112572082

Title of Invention

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

Application Information

CONFIRMATION # 1081 FILING DATE {1/23/2832
ART UNIT 2858 FIRST NAMED INVENTOR  Xiasbo Wang

EXAMINER  AMY ME

An application may be withdrawn front issue for further action upon petition by the applicant. To request that the
Office wilthdraw an application from issue, applicant must file a pelition under this section including the fee set forth
in & 1.17{h} and a showing of good and sufficient reasons why withdrawal of the application from issue is

necessary.

APPLICANT HERERBY PETITIONS TO WITHDRAW THIS AFPLICATION FROM [SSUE UNDER 37 OFR 1.313(c).

A grantable petition requires the following items:

{1) Petiion fee! and

{2) One of the foliowing reasons: A grantable pelilion requires the following items: (a) Unpatentabulity of one or
rrrore claims, which must be accompanied by an unsquivocal siatement thal one or mors claims are unpalentable,
an amendment o such daim or claims, and an explanation as 1o how the amendment causes such daim or claims
{0 be pateniable:

by Consideration of a request for continued examination in compliance with § 1.114 {for a uliity or plant application
anly}; or

{¢) BExpress abandonment of the appiication. Such exprass abandonment may be in faver of a continuing
appiication, but not a CPA under 37 GFR 1.53(¢H0.

Reason for withdrawal
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Considaration of a request for continuad examination - ROE requast, subymission, and iss are altached

Applicant claims the following entity status

Reguiar Undiscountsd

Signature
{cartily, i accordancs with 37 CFR 'G};nl\ that | am:

Anattormey or agent registerad 1o practice hefore the Palent and Trademark Office who has been given powsr of
attorney in this apphcaton

Signature Name Registration #
Bavid L/ David Lu BE7HS

356



UNITED STATES Alexandriz, “ b hj?\ ggx{‘

PATENT AND TRADEMARK OFFICE v 45010 gov

GRANT LETTER

APPLICATION # DECISION DATE DECISION ON PETITION # ATTORNEY DOCKET NUMBER
/983,716 11/22/2023 37 COFR 1.313{00E) 2018113

Title of Invention

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

in re Application of Xiaocho Wang

K

This is an eieclronic decision on ihe pmmn under 37 CFR 1.318{c}{Z), tied November 22, 2023 to withdraw the

\

above-identified application from issue afler payment of the issue fee

The request is GRANTER,

Ths above-identified application s withdrawn rom ssus for consideration of a submission under 37 CFR 1
{request for continued examination). See 37 GFR 1. .313{i8).

PBeatlitioner is advised that the issue {ee paid in this application cannet be refunded, H, however, this
application is again allowed, pelitioner may reguest that it be applied lowards the issue fee reguired by
ihe new Notice of Allowance.

The application is being referred to Technology Centar AU for processing of the request for continuing
examination under 37 CFR 1114,

Taigphone inguired concerning s decision should be direciad to he Patent Electronic Business Centay (BB
al 866-217-8147.

Cifice of Paelitions
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UNITED STATES 0. Box 1450
m PATENT AND TRADEMARK OFFICE Alexandria, VA 22313 - L8

ELECTRONIC PAYMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
17/993,716 11/22/2023 02:47:43 PM ZET 20191134-16

Title of Invention

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

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # -
under 35 USC 111(a)

CONFIRMATION # 1061 FILED BY David Lu
PATENT CENTER # 63359392 AUTHORIZED BY
CUSTOMER # 188545 FILING DATE 11/23/2022
CORRESPONDENCE - FIRST NAMED Xiaobo Wang
ADDRESS INVENTOR

Payment Information
PDIRY/D%EB{E&ETHOD Eég%iNLTEzgg%“SS(ﬁ%TION ID PDgzi'gELNuT AUTHORIZED BY
FEE CODE DESCRIPTION ITEM PRICE($) QUANTITY ITEM TOTAL($)
1464 PETITIONS REQUIRING THE 140.00 1 140.00

PETITION FEE SET FORTH IN 37
CFR 1.17(H) (GROUP Ii)

1801 REQUEST FOR CONTINUED 1360.00 1 1360.00
EXAMINATION (RCE) - 15T
REQUEST (SEE 37 CFR 1.114)

TOTAL $1,500.00
AMOUNT:

This Acknowledgement R eceipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.
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New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date {see 37 CFR 1.53(b)-(d)
and MPEP 506), a FilingReceipt(37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DQ/EQ/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date {see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/R0Q/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT @F 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 Creek Blvd, 1A-PB | ART UNIT | PAPER NUMBER |
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 DATEDUE

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. 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 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 wansmission.

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
Global TP . States Postal Service with sufficient postage for first class mail in an envelope
oba Operations addressed to the Mail Stop ISSUE FEE address above, or being wansmitted to the
5301 Stevens Creek Blvd, 1A-PB USPTO via the USPTO patent elecwonic filing system or by facsimile to (571)
273-2885, on the date below.
Santa Clara, CA 95051 e -

(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 upto 2

: e , . L 2 registered patent attorneys or agents. If no name is
() "Fee Address” indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

AIA/A7 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a 3
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) : [ ndividuat [ Corporation or other private group entity (1 Government

4a. Fees submitted: Dissue Fee (Jpublication Fee (if required)
4b. Method of Payment: (Please first reapply any previeusly paid fee shewn abeve)
[ Electronic Payment via the USPTO patent elecwonic filing system [ Enclosed check (1 Non-electronic payment by credit card (Attach form PTO-2038)

(1) 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

. 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

| 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 @F 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 PAPER NUMBER |
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 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. 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).

hitps:fdwww sovinio. goviconteatpk o/FR2013 03 29/pdE20 1307341 pdf

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)
) . 17/993,716 Wang et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
AMY HE 2858 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence 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.
OA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.0J 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.M 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) LJAIl b) (J Some* c¢) OJ None of the:
1. (J Certified copies of the priority documents have been received.
2. O Certified copies of the priority documents have been received in Application No.
3. (J 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.

5.0J CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 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.LJ 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)

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

2.V Information Disclosure Statements (PTO/SB/08), 6. Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 11/22/2023.

3.0J Examiner's Comment Regarding Requirement for Deposit 7. O Other .

of Biological Material .
4.(] Interview Summary (PTO-413),
Paper No./Mail Date.

IAMY 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 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 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 FORALLOWANCE
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 wellson 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 at least 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 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 theprior art discloses or fairly suggest a

system for continuously monitoring cells in realtime, label free, with impedance-based analysis, the
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Art Unit: 2858

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 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 each electrode array
and across a cell sample attached within each well of the plurality of wells; and d) a software program
thatanalyzes thefirst plurality of cell-substrateimpedances 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 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 electricallyconnects 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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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 later than the payment
of theissue fee and, to avoid processing delays, should preferably accompany the 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 availablevia telephone,in-person, and video conferencing using a
USPTO supplied web-bhased 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.us pto.gov/patents/apply/patent-center for more information about Patent Center and
https://www.uspto.gov/patents/docx for information about filing in DOCX format. For additional
questions, 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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/AMY HE/
Primary Examiner, Art Unit 2858
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Ref # Hits Search Query DBs Default Plurals British Time Stamp
Operator Equivalents

L73 12 ((US-10551371-B2 OR [(US-PGPUB; USPAT; |OR ON ON 2023/12/04
US-9709548-B2 OR USOCR; FIT (AP, AT, 11:05 AM
US-5810725-A).did. AU, BE, BG, BR, BY,

AND USPT.dbnm.) OR |CA, CH, CN, CS, CU,
((US-20100029506-A1 [CZ, DD, DE, DK, EA,
OR US-20050279634- |EE, EP, ES, FI, FR, GB,
A1 OR US- HR, HU, ID, IE, IL, IS,
20050118565-A1 OR |IT, JP, KR, LT, LU, LV,
US-20030111343-A1 MA, MC, MD, MY, NL,
OR US-20230130050- |NO, NZ, OA, PH, PL,
A1 OR US- PT, RO, RS, RU, SE,
20040167723-A1 OR  |SG, SI, SK, SU, TH,
US-20020113607- TN, TR, TW, UA, VN,
A1).did. AND WO); FPRS; EPO;
PGPB.dbnm.) OR ((AU- [JPO; DERWENT;
2002365810-A1 OR IBM_TDB)
EP-0566725-B1).did.
AND FTDB.dbnm.)
L74 0 "17993716".pn. (US-PGPUB; USPAT; [OR ON ON 2023/12/04
USOCR; FIT (AP, AT, 11:06 AM
AU, BE, BG, BR, BY,
CA, CH, CN, CS, Cu,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L75 133386 ((wang near2 (US-PGPUB; USPAT; [OR ON ON 2023/12/04
xiaobo)(Abassinear2 |USOCR; FIT (AP, AT, 11:34 AM
yama)(Xinear2 AU, BE, BG, BR, BY,
biao)(zhang near2 CA, CH, CN, CS, CU,
wen$1fu)(xu near2 CZ, DD, DE, DK, EA,
xiao)).inv. EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L76 15218 (Agilent ADJ (US-PGPUB; USPAT; [OR ON ON 2023/12/04
technologies).as. USOCR; FIT (AP, AT, 11:35 AM
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L77 45114
L78 193467
L79 5293

(GO1N33/4836 or
GO1N27/02 or
GO1N33/4833 or
GO1N33/48728 or
GO1N33/5438).cpc.

L75L76 L77

L78 AND ((cell ADJ
seeding)(cell ADJ
attach$3)(impedance
WITH time))

AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO: DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS: EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, Cs, CU,
CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO; DERWENT:
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,

OR

OR

OR

ON

ON

ON

ON

ON

ON

2023/12/04
11:36 AM

2023/12/04
11:36 AM

2023/12/04
11:38 AM
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L80

L81

L82

L83

409

2212

1002

111

L79 AND milliseconds

L79 AND (impedance
WITH (cell well plate))

L81 AND (impedance
WITH (frequency AND
voltage))

L82 AND milliseconds

SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR: FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO; DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR: FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO): FPRS: EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,

CA, CH, CN, CS, CU,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2023/12/04
11:38 AM

2023/12/04
01:12 PM

2023/12/04
01:13 PM

2023/12/04
02:53 PM
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CZ,DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT,
IBM_TDB)

L84 36 L83 AND (cell near4 (US-PGPUB; USPAT,; [(OR ON ON 2023/12/04

beat$3) USOCR; FIT (AP, AT, 03:14 PM
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ,DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT,
IBM_TDB)

L83 35 (Artificial Intelligence) |(US-PGPUB; USPAT;, |OR ON ON 2023/12/04
More like doc: USOCR,; FIT (AU, AP, 03:20 PM
US-20200158670-A1  |AT, BE, BG, BR, BY,

Text: CA, CH, CN, CS, CU,
(WO-2014085727-A1 |CZ, DD, DE, DK, EA,
OR US-10539523-B2 |EE, EP, ES, FI, FR, GB,
OR US-20140203818- |HR, HU, ID, IE, IL, IS,
A1 OR US-11346797- |[IT,JP, KR, LT, LU, LV,
B2 OR US-9709548-B2 |MA, OA, RU, SU, WO,
OR EP-2291645-B1 OR|MC, MD, MY, NL, NO,
US-10533985-B2 OR  |NZ, PH, PL, PT, RO,
US-20180306771-A1 RS, SE, SG, 8I, SK,
OR US-20220291191- |TH, TN, TR, TW, UA,
A1 OR US-10012636- |VN); FPRS; EPO;
B2 OR US- JPO; DERWENT,
20180095064-A1 OR  [IBM_TDB)
US-20210164961-A1

OR US-11360072-B2

OR EP-2427543-A1 OR

WO-2010129725-A1

OR US-20230130050-

A1 OR CA-2575297-C

OR CA-2573297-A1 OR

CA-2575373-A1 OR

AU-2003252155-

B2).did.

L86 30 (Artificial Intelligence) |(US-PGPUB; USPAT; |OR ON ON 2023/12/04
More like doc: USOCR,; FIT (AU, AP, 03:24 PM
US-20110300569-A1  |AT, BE, BG, BR, BY,
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L87

46

Text:
(WO-2011146531-A1
OR WO-2011146531-
A9 OR US-9612234-B2
OR US-20170205391-
A1 OR US-
20220291191-A1 OR
US-20210164961-A1
OR US-11360072-B2
OR US-10012636-B2
OR US-20180095064-
A1 OR WO-
2009137440-A1 OR
EP-2291645-A1 OR
CA-2723223-C OR EP-
2291645-B1 OR CA-
2723223-A1 OR US-
20180306771-A1 OR
US-10533985-B2 OR
US-20100029506-A1
OR US-9709548-B2 OR
US-20230130050-A1
OR CA-2760941-C).did.

(Artificial Intelligence)
Similar to:

17/993,716 with 0 CPC
Selections and 0 Text
Selections

Text:
(US-20230130050-A1
OR US-9709548-B2 OR
US-20180306771-A1
OR US-10533985-B2
OR US-11360072-B2
OR US-20210164961-
A1 OR US-
20220291191-A1 OR
\WO-2009137440-A1

OR EP-2291645-A1 OR
US-20100029506-A1
OR CA-2723223-A1 OR
CA-2723223-C OR US-
10012636-B2 OR US-
20180095064-A1 OR
EP-2291645-B1 OR
US-20170205391-A1
OR US-9612234-B2 OR
US-20110300569-A1
OR WO-2011146531-
A9 OR WO-
2011146531-A1 OR
US-10761081-B2 OR
WO-2017216694-A1

OR US-20180100849-
A1 OR WO-
2015196957-A1 OR
EP-3159400-A1 OR

CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO: DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO))

OR

ON

ON

2023/12/04
03:26 PM
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CN-104789443-B OR
US-20160305927-A1
OR JP-2017519524-A
OR US-20090309618-
A1 OR US-9404140-B1
OR CN-104789443-A
OR US-9399787-B2 OR
US-7876108-B2 OR
US-20050213374-A1
OR JP-2016212083-A
OR US-20230014082-
A1 OR US-8344742-B2
OR US-20130123136-
A1 OR US-7560269-B2
OR US-11774396-B2
OR JP-2023530702-A
OR EP-4168172-A1 OR
WO-2021257705-A1
OR GB-2576429-A OR
US-20100120626-A1
OR AU-2018224829-A1
OR CA-3053191-A1 OR
WO-2018157073-A1
OR WO-2015068530-
A1 OR JP-6370544-
B2).did.

L88 41 (Artificial Intelligence) (US-PGPUB; USPAT; |OR ON ON 2023/12/04

Similar to: USOCR; FIT (AP, AT, 03:27 PM
17/993,716 with 1 CPC |AU, BE, BG, BR, BY,
Selection and 2 Text CA, CH, CN, CS, CU,
Selections CZ, DD, DE, DK, EA,
Text: EE, EP, ES, FI, FR, GB,
(US-20170205391-A1 HR, HU, ID, IE, IL, IS,
OR US-9612234-B2 OR|IT, JP, KR, LT, LU, LV,
CA-2760941-C OR CA- |MA, MC, MD, MY, NL,
2760941-A1 OR EP- NO, NZ, OA, PH, PL,
2427543-A1 OR WO- PT, RO, RS, RU, SE,
2010129725-A1 OR SG, SI, SK, SU, TH,
US-20110300569-A1 TN, TR, TW, UA, VN,
OR WO-2011146531- |WO))
A9 OR WO-
2011146531-A1 OR
WO-9854294-A1 OR
US-5981268-A OR EP-
1244910-B1 OR JP-
2010539462-A OR US-
6051422-A OR US-
20060228771-A1 OR
EP-2037268-A1 OR
EP-2199783-A1 OR
WO-2010070538-A1
OR WO-2009033987-
A1 OR EP-2198297-A1
OR US-20110074449-
A1 OR US-
20230130050-A1 OR
DE-60018473-T2 OR
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US-8642287-B2 OR
US-11747321-B2 OR
US-20180306771-A1
OR US-10533985-B2
OR US-20030107386-
A1 OR EP-1244910-A1
OR WO-0148474-A1
OR US-20130037423-
A1 OR US-11768196-
B2 OR EP-2458373-A1
OR KR-20170133976-A
OR US-11774396-B2
OR US-20120119762-
A1 OR CA-3187265-A1
OR EP-4168528-A1 OR
WO-2021257701-A1
OR DE-10254158-A1
OR JP-
WO02011010721-A1 OR
US-20040055901-A1
OR US-20230014082-
A1 OR US-6151519-A
OR US-11360072-B2
OR US-20210164961-
A1 OR CA-2385482-A1
OR WO-9822819-A1
OR EP-0938674-A1 OR
US-20220291191-

A1).did.

PE2E SEARCH - Search History (Interference)

Ref # Hits Search Query DBs Default Plurals British Time Stamp
Operator Equivalents
N6 66689 (impedance WITH (US-PGPUB; USPAT) |OR ON ON 2023/12/04
(frequency AND 03:42 PM
voltage))
N7 382 N4 AND N6 (US-PGPUB; USPAT) |OR ON ON 2023/12/04
03:43 PM
N8 54 N7 AND milliseconds (US-PGPUB; USPAT) [OR ON ON 2023/12/04
03:43 PM
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h;« tha applicant, and including page counts, whara appiicabie, I sarvas as evidanca of ragaipt similar t0 a Post Card, as
describad in MPER 503

New Applications Under 35 LS.C, 114

If a new application ia being filed and the application inciudes the necessary componanis for filing date (see 37 CFR 1.53{b}-{d}
and MPER 508}, & Filing Recaipt (37 GFR 1.54) will ba issued in dus cowrsa and the date shown on this Acknowledgement
Facaipt will astablish the filing date of the appiication

National Stags #F an Intarnational Apslication under 35 US.C. 371

r

& timely submission o entar the nationad stage of an international np;}ﬁis ab:on is compliant wiih the conditions of 35 U 8.C.
371 and othar applicable requiremeants a Form POT/OO/EC/AUS & ing acceptancs of the application as & national stage

subrussion wnder 35 U.E.C. 371 will he issued in addition lo tha § Mpt, In dug course.

New International Application Filed with the USETO as a Recalving Office

i a new international application is being fed and tha international application includas tha necessary o
international filing date {see PUT Asticle 11 and MPEP 1310), a Notification of the International Application NJrr~ber and of the

Irternatioral Filing Dade (Form PCY/RGH m, will be issuad in due course, subject {o prescriptions concaming national securty,
and tha date shown on this Acknowledgemant Racaipt will astablish: the infarnational filing date of the application.
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PART B-FEE(S) TRANSMITTAL

Complete and send this form, together with the 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, VA 22313-1450
INSTRUCTI@®NS: This form should be used for transmitting the ISSUE FEE and PUBLICATI®N 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.
CURRENT C@ORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

. . papers. Each additional paper, such as an assignment or formal drawing, must
Agllent TeCI]l]OIleeS’ Inc/K&L Gates LLP have its own certiticate of mailing or transmission.

Global IP Operatlons Certificate of Mailing or Transmission

5301 Stevens Creek Blvd. 1 A-PB 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
Santa Clar 4, CA 95051 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
the USPT® via EFS-Web or by facsimile to (571) 273-2885, onthedate below.

William Fortunato (Typed or printed name)
/William Fortunato/ (Signature)
December 29, 2023 (Date)
APPLICATION N® FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET N® CONFIRMATION NO®
17/993,716 11/23/2022 Xiaobo Wang A2185-9003 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 PUBLICATI®N FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional | UNDISCOUNTED $1200.00 $0.00 $1200.00 $0.00 03/13/2024
EXAMINER ART UNIT CLASS-SUBCLASS
HE, AMY 2858 506-010000
1. Change of correspondence address or indication of "Fee 2. For printing on the patent front page, list
Address” (37 CFR 1.363) 1. K&L Gates LLP

(1) The names of up to 3 registered patent attomeys

Change of correspondence address (or Change of or agents @R, altematively,

2.
Correspondence Address form PTO/SB/122) attached. (2) The name of a single firm (having as a member
|:| “Fee Address” indication (or ‘Fee Address” Indication form a registered attomey or agent) and the names of
PTO/AIA/47 or PTO/SB/47; Rev 3-89 or more recent) up to 2 registered patent attomeys or agents. If 3.
attached. Use of a Customer Number is required. no name is listed, no name willbe printed.
3. ASSIGNEE NAME AND RESIDENCE DATA T® BE PRINTED @N THE PATENT (print or type)

PLEASE N@TE: Unless an assignee is identificd 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 N@T a substitute for filing an assignment.

(A) NAME @OF ASSIGNEE (B) RESIDENCE: (CITY and STATE or COUNTRY)
AGILENT TECHNOLOGIES, INC. SANTA CLARA, CA

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

4a. Fees Submitted: |:| Issue Fee |:| Publication Fee (if required)

4b. Method of Payment (Please first reapply any previously paid fee shown above):

Electronic Payment via Patent Center or EFS-Web I:I Enclosed check |:| Non-electronic payment by credit card (Attach form PT@-2038)

The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No 02-1818
5. Change of 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 PT@/SB/15A and 15B), issue fee
payment in the micro entity amount will not be accepted at the risk of application abandonment.

|:| Applicant asserting small entity status. See 37 CFR 1.27. N@TE: If the application was previously under micro entity status, checking this box will be taken as
a notification of loss of entitlement to micro entity status.

D Applicant changing to regular undiscounted fee status. N@TE: Checking this box will be taken as a notification of loss of entitlement to small or micro entity
status, as applicable.

N@TE: 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 /William Fortunato/ Date  December 29, 2023

PTOL-8S5 Part B (03-23) Approved for use through 03/31/2023 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

316560073
317482680.1
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United States Patent and Trademark Office

Office of the Chtef Finanelal Offtcer

Document Code ' WHEE
User :Sofia Mohammed
Retund Accounting Dale:01/03/2024

Effective Date Sale ltem Reference Number Refund Total
09/25/2023 17993716 $1,200.00
Document Number Fee Code Fee Code Description Amount Paid Payment Method Account Number
1202412M25287760 1501 UTILITY APPL ISSUE  $1,200.00 DA 021818
FEE
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United States Patent and Trademark Office

Office of the Chtef Finanelal Offtcer

Document Code ' WHEE
User :Sofia Mohammed

FENEY

Sale Adjustment Accounting Date:01/65/2024

Effective Date Sale Accounting Date Sale Item Reference Number

09/25/2023 01/03/2024 17993716

Document Number Fee Code = Fee Code Description Amount Paid Payment Method
1202412M25287760 1501 UTILITY APPL ISSUE FEE $1,200.00 DA
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United States Patent and Trademark Office

Office of the Chtef Finanelal Offtcer

Document Code ' WHEE
User :Sofia Mohammed
Sale Accounting Date:01/03/2024

Sale tem Reference Number Effective Date
17993716 12/29/2023
Document Number Fee Code = Fee Code Description Amount Paid Payment Method
1202412M29147640 1501 UTILITY APPL ISSUE FEE $1,200.00 Deposit Account
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Q UNITED STATES PATENT AND TRADEMARK OFFICE
Q‘e(& UNITED STATES DEPARTMENT @F COMMERCE
N 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 7599 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 (§00)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)
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INVENTORC(S) (Please sce 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 @F 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 DOCKET NO. |  CONFIRMATION NO. |
17/993,716 11/23/2022 Xiaobo Wang 20191134-16 1061
188545 7598 02/20/2024 | EXAMINER |
Agilent Technologies, Inc./K&L Gates LLP
Global IP Operations HE, AMY
5301 Stevens Creek Blvd, 1A-PB
Santa Clara. CA 95051 | ART UNIT | PAPER NUMBER |
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 Bivd, 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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