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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 NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY.DOCKET NO./TITLE REQUEST ID

12/162,135 11/10/2008 Oliver Ritter 00824.07.0001 68264

Acknowledgement of Change to Small Entity Status
The entity status change request below filed through Private PAIR on 07/24/2018 has been accepted.

CERTIFICATIONS:

Change of Entity Status:

X 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 to be a notification of
loss of entitlement to micro entity status.

This portion must be completed by the signatory or signatories making the entity status change in accordance
with 37 CFR 1.4(d)(4).

Signature: Ajay A. Jagtiani/
Name: Ajay A. Jagtiani
Registration Number: 35205




UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
12/162,135 11/10/2008 Oliver Ritter 00824.07.0001 8455
110669 7590 03/13/2018
) L] EXAMINER
Ajay A. Jagtiani | |
Miles & Stockbridge KEMMERER, ELIZABETH
1751 Pinnacle Drive
Suite 1500 | ART UNIT | PAPER NUMBER |

Tysons Corner, VA 22102 1646

| NOTIFICATION DATE | DELIVERY MODE |

03/13/2018 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):

ipdocketing @milesstockbridge.com
bgoodman @milesstockbridge.com

PTOL-90A (Rev. 04/07)



Commissioner for Patents
United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspfo.gov

In re Patent No. 7,928,057

Issue Date: April 19, 2011 :

Application No. 12/162,135 : NOTICE
Filed: November 10, 2008 :

Attorney Docket No. 00824.07.0001

This is a notice regarding your renewed request for acceptance of a fee deficiency submission under
37 CFR 1.29(k), filed February 22, 2018.

The Office no longer investigates or rejects original or reissue applications under 37 CFR 1.56. 1098 Off.
Gaz. Pat. Office 502 (January 3, 1989). Therefore, nothing in this Notice is intended to imply that an
investigation was done.

Your fee deficiency submission is hereby ACCEPTED.

In accordance with the 37 CFR 1.29(k) request, status as a Micro Entity has been removed. Accordingly,
all future fees paid in this patent must be paid at the small entity rate.

Inquiries related to this communication should be directed to the undersigned at (571) 272-1058.

[Ungela Walkeer|
Angela Walker
Paralegal Specialist

Office of Petitions



Office of Petitions: Decision Count Sheet Mailing Month | 3

Application No. 12162135 ‘

2 3
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For US serial numbers: enter number only, no slashes or commas. Ex: 10123456

* 1 *
For PCT: enter "51+single digit of year of filing+last 5 numbers", Ex. for PCT/US05/12345, enter 51512345

Deciding Official: Walker, Angela
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Office of Petitions: Routing Sheet

4700

Application No. 12162135

This application is being forwarded to your office for
further processing. A decision has been rendered on a
petition filed in this application, as indicated below.
For details of this decision, please see the document
PET.OP.DEC filed on the same date as this document.

' X GRANTED
~ DISMISSED
. DENIED




UNITED STATES PATENT AND TRADEMARK OFFICE

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 NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY.DOCKET NO./TITLE REQUEST ID

12/162,135 11/10/2008 Oliver Ritter 00824.07.0001 58610

Acknowledgement of Loss of Entitlement to Micro Entity Status
The entity status change request below filed through Private PAIR on 02/28/2018 has been accepted.

CERTIFICATIONS:

Change of Entity Status:

X 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 to be a notification of
loss of entitlement to micro entity status.

This portion must be completed by the signatory or signatories making the entity status change in accordance
with 37 CFR 1.4(d)(4).

Signature: Ajay A. Jagtiani/
Name: Ajay A. Jagtiani
Registration Number: 35205




Docket No. 109025.070001

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Oliver RITTER Confirmation No: 8455

)
)
Application No.: 12/162,135 ) Patent No: 7,928,057
)
)

Filed: January 25, 2007 Issued: April 19, 2011
For: PEPTIDE FOR INHIBITION OF CALCINEURIN, NUCLEIC ACID, ANTIBODY, AND
DIAGNOSTIC AND THERAPEUTIC METHODS OF USE

United States Patent and Trademark Office
MAIL STOP PETITION

Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

RESPONSE TO NOTICE

Sir:
Applicant is in receipt of a Notice mailed February 7, 2018 in the present patent. The

Notice indicates that the fee deficiency submission under 37 CPR 1.28 was not accepted
because the petition was not properly signed by a person having authority to prosecute in the
above-identified patent. Applicant is submitting a petition signed by the practitioner of record
concurrently herewith. Accordingly, favorable consideration and granting of the petition is

respectfully submitted.

The Notice further indicates that an itemization of the deficiency payment is required. It
is believed that the petition filed concurrently herewith properly addresses this requirement. The
deficiency in fees was paid on August 23, 2017, as evidenced by the Electronic

Acknowledgement Receipt attached hereto. Accordingly, no further fees are deemed necessary.

Applicant also filed a Power of Attorney on August 23, 2017, and attach a copy of the
same herewith. Although the USPTO record has been changed to show Ajay A. Jagtiani at Miles
and Stockbridge PC as the Power of Attorney, it is noted that the Customer Number is
incorrectly identified. The Customer Number should read 110669. Correction of the record to

correctly list Customer Number 110669 is respectfully requested.



Applicants further filed a Change of Correspondence Address (Form PTO/AIA/123) on
August 23, 2017 and attach a copy of the same herewith. To date the record has not yet been
updated to reflect the new correspondence address and Customer Number. Correction of the
record to correctly list the new correspondence address and Customer Number 110669 is

respectfully requested.

Although no fees are deemed necessary, the Commissioner is hereby authorized by this
paper to charge any fees which may be required, or credit any overpayment to Deposit Account

501165.

Date: February 22, 2018 Respectfully submitted,

Miles & Stockbridge By: /Ajay A. Jagtiani/

1751 Pinnacle Drive Ajay A. Jagtiani

Suite 1500 Reg. No. 35,205
Tysons Corner, VA 22102 Attorney for Applicants

Telephone: 703.903.9000
Facsimile: 703.610.8686

CUSTOMER NO: 110669



Docket No. 109025.070001

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Oliver RITTER Confirmation No: 8455

)
)
Application No.: 12/162,135 ) Patent No: 7,928,057
)
)

Filed: January 25, 2007 Issued: April 19, 2011
For: PEPTIDE FOR INHIBITION OF CALCINEURIN, NUCLEIC ACID, ANTIBODY, AND
DIAGNOSTIC AND THERAPEUTIC METHODS OF USE

United States Patent and Trademark Office
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

FEE DEFICIENCY SUBMISSION AND NOTIFICATION
OF CHANGE OF STATUS FROM MICRO ENTITY TO SMALL ENTITY

Sir:
Patentee inadvertently filed a certification of micro entity status on October 16, 2014.

Patentee also paid the maintenance fee as micro entity in the amount of $400.00 on October 16,

2014.

Patentee respectfully submits that the certification of micro entity status was filed in error
and Patentee claims small entity status. The deficiency in fees from micro entity to small entity

in the amount of $400.00 was paid on August 23, 2017.

An itemization of the fee deficiency is as follows:

MICRO-ENTITY FEE SMALL ENTITY FEE DEFICIENCY TOTAL FEE DUE
(Paid Erroneously) (Actual Fee Due)

$400 $800 -$400 $400



Patentee respectfully requests that the record be changed to reflect small entity status.

Date: February 22, 2018

Miles & Stockbridge
1751 Pinnacle Drive

Suite 1500

Tysons Corner, VA 22102
Telephone: 703.903.9000
Facsimile: 703.610.8686

CUSTOMER NO: 110669

Respectfully submitted,

By:

[Ajay A. Jagtiani/

Ajay A. Jagtiani

Reg. No. 35,205
Attorney for Applicants




PTO/AIAN123 {08-12)

Approved for use through ¢1/31/2018. OMB 0651-0033

Patent and Trademark Cffice; U.S. DEFARTMENT OF COMMERCE
g L S5 axalisl OME contro ber

7,928,057

CHANGE OF .
i D e A
CORRESPONDENCE ADDRESS | —°P° April 19, 2011
Patent Application Number 12/162,135
Filing Date

Address to:
Mail Stop Post Issue

November 10, 2008

First Namead Invenior

Commissioner for Patenis Oliver RITTER
P.O. Box 1450
\Aiexandria, VA 22313-1450 Attorney Docket 109025-070001 /j
Number

Please change the Correspondence Address for the above-identified patent 1o;

The address associated with Customer Number:

110669
OR

Firmor

Individual Name
Address
City State 2P
Country
Telephone Emait

This form cannot be used to change the data associated with a Customer Number, To change the data associated with an
axisting Customer Number use "Request for Customer Number Data Change” (PTO/SEB/124).

This form will not affect any “fee address” provided for the above-identified patent. To change a "fee address” use the "Fee
Address indication Form® (PTO/SB/4T).

i amthe:

Patentee.

if the Patentee was not the applicant for patent (37 CFR 1.42), then a Statement under 37 CFR 3.73(c)
(Form PTO/AIA/SS or equivalent) is enclosed or was filed on . S5ee 37 CFR 371,

¥ Attormey or agent of record. Registration Number 35208

Patent practitioner acting in a represeniative capacilty whose comrespondence address is the correspondence
address of record. Notice has been given to the patentee or owner. Registration Number 35205

Signature /Ajay A Jagliani/

Typed or
Printed Name

Ajay A. Jagtiani

Date August 23, 2017 Teiephone 703-903-5000

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 multiple forms if more than one signature is required, see below”,

*Total of 4 forms are submitted.

This coliection of information is required by 37 CFR 1.33. The information is required to oblain or retain a benefit by the public which is to file {and by the USPTO
to process) an application. Confidentiality is governed by 85 US.C. 122 and 37 CFR 1.11 and 1.14. This ccliection is estimated o take 3 minutes o complete,
including gathering, preparing, and submitting the compleied 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.8. Patent and
Trademark Office, U.S. Department of Commerce, P.Q. Box 1450, Alexandria, VA 22313-145C. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Mall Stop Post Issue, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-8199 and select option 2.



Privacy Act Statement

The Privacy Act of 1874 {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.3.C. 2(b)(2); (2) furnishing of the informatlion solicited is voluntary;
and (33 the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is 10 process and/or examine your submission related to a patent application or patent. if you do
not furnish the requested information, the U.S. Pateni 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:

The information on this form will be freated confidentially to the extent allowed under the
Freedom of information Act (5 U.8.C. 552) and the Privacy Acl (5 U.8.C 352a). Records from
this system of records may be disclosed {o the Department of Justice to determine whether
disciosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disciosed, as a routine use, in the course of
presenting evidence {0 a court, magistrale, or adminisirative 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, 1o a Member of
Congress submilting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matlier of the
record.

A record in this system of records may be disclosed, as a rouling use, {0 a contracior of the
Agency having need for the information in order 1o perform a coniract. Recipientis of
information shall be required to comply with the requirements of the Privacy Act of 1874, as
amended, pursuant io 5 U.S.C. 552a{m).

A record related o an Intemnational Application filed under the Pateni Cooperation Treaty in
this system of records may be disclosad, as a routine use, o the Inlernational Bureau of the
World intellectual Property Organization, pursuant to the Palent Cooperation Treatly.

A record in this system of records may be disclosed, as a routine use, io ancther federsl
agency for purposes of National Securily review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.5.C. 218(0)).

A record from this system of records may be disclosed, as a routine use, o 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.8.C. 2804 and 2806, Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (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, o the public after
either publication of the application pursuant 1o 35 U.8.C. 122(b) or issuance of a patent
pursuant o 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 abandonad or in which the proceedings were terminated and which application is
referenced by either a published application, an application open {o public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, Siate,
or jocal law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.



Electronic Acknowledgement Receipt

EFSID: 30157480
Application Number: 12162135
international Application Number:
Confirmation Number: 8455

Title of Invention:

PEFTIDE FOR INHIBITION OF CALCINEURIN, NUCLEIC ACID, ANTIBODY AND
DIAGNOSTIC AND THERAPEUTIC METHODS OF USE

First Named Inventor/Applicant Mama:

Oliver Ritter

Customer Number:

88944

Filer:

Ajay A, Jagtiani/Anna Massimo

Filer Authorized By:

Ajay A. Jagtiani

Attorney Docket Number: 00824.07.0001
Receipt Date: 23-AUG-2017
Filing Date: 10-NOV-2008

Time Stamp:

1(:59:19

Application Type:

LS. National Stage under 35 USC 371

Payment information:

Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $400

RAM confirmation Numbaer

082317INTEFSWO0009424501165

Deposit Account

Authorized User

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




File Listing:

Total Files Size (in bytes):

Document e . File Size{Bytas)/ Multi Pages
Document Description File Name . s s
Number Message Digest | Part/zip| (ifappl)
131932
1 Power of Attorney POApdf no i
Gcl1%a42a0a951 516600fedba385019217 5]
6e3¢
Warnings:
Information:
247062
2 Maintenance Fee Address Change ChangeAddressForm.pdf no 2
47094401 c965Dead069ab62ea47i133267
bOUED
Warnings:
Information:
40335
3 Notification of loss of entitlement to NotificationofChangeofStatus. o 5
; rmicre entity status pdf o N ‘
7226001 28e0eaf93c12930739160341da58
59b45
Warnings:
Information:
30596
4 Fee Worksheet (SB06} fee-info.pdf no 2
3c8dd96efbc689edbcled2f! Sebn)
e7cl
Warnings:
Information:
449925




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

Mew Auplications Under 35 U.8.C. 111

If & 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 (FR 1.54) will be issued in due course and the date shown on this
Acknowiedgement Receipt will establish the filing date of the application.

Mational Stage of an International Application under 35 U.5.€. 371

If & timaly sebmission to entey the national stags of an international application is compliant with the conditions of 35
U.5.C. 371 and other applicable requirements a Form PCT/DO/EC/203 indicating acceptance of the applicationas a
national stage submission under 35 U.5.C. 371 will be issued in addition to the Filing Receipt, in due course.

Mew international Application Filed with the USPTQ as a Receiving Office

If & new international application is being filed and the international application indudes 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 prascriptions concerning
national security, and the date shown on this Acknowledgemaent Recsipt wili establish the international filing date of
the application.
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F’QWER C}F ATTORNEY BY APPQCANT

Phereby revokeall previoue powers e attormney giver ih the spplication identified in sither the atiached ransmittal leter or
the boms helow:

Application Number Filing Date

12162135 July 25, 2008

{Noia: The hoxes above may be i thank information i providad on form FTD'A!AJG %]

i herehy appoint the Patent Practiionsr(s) assotiated with the foli owing Gusiomer Number as mylour atornayi(s) or agent(s), and
T o transact alf business in the United States Patent and Trademark C"‘*me connecied thirewith for the application referenced in
the atiached transmittal latter form PTO/AIA 82A} or identified ahove: | ) ]
110669 5

OR

[ . 1 1 hereby agpoint Mracitionarsyramed inthe attached Bat tform PTOIAIAE2C) 8¢ mylour attom 2y(&) ¢rsgent(s), and i transact
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felter or the boxes above to:

The address associated with the above-mentionad Customer Number
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E"j The address associated with Customer Number 1 110669 ) N '{
a8 i ) —
Firm or
ndividual Narma
Addrass
Sy ” ~ ' ' | State ! N
Couging. B
Telephone ' l =pogty ¥

I am the Applicant {if the Applicant is & juristic entity, list the Applicent name in the box}:

P iy

Julius-Maximilians-Universitaet Wuerzburg

i Inventor of Joint inventor (ke nat required helow)

Legal Reprasantative of & Deceased or Legally incapacitated Invenior (e rot reguired below)
tﬁ{j Azsignge or Person to Whom the Inventor is Under an Stligation to Assign (provide signer's title applicant I8 & juriatic entity)
D Parson Whe Otherwise Shows Sufficient Hropristary Interest feug, @ petitonunder 3TCFR ¥ AB(BYZ) was grantad in the
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Electronic Acknowledgement Receipt

EFS ID: 31856548
Application Number: 12162135
International Application Number:
Confirmation Number: 8455

Title of Invention:

PEPTIDE FOR INHIBITION OF CALCINEURIN, NUCLEIC ACID, ANTIBODY AND

DIAGNOSTIC AND THERAPEUTIC METHODS OF USE

First Named Inventor/Applicant Name:

Oliver Ritter

Customer Number:

110669

Filer:

Ajay A. Jagtiani/Anna Massimo

Filer Authorized By:

Ajay A. Jagtiani

Attorney Docket Number: 00824.07.0001
Receipt Date: 22-FEB-2018
Filing Date: 10-NOV-2008
Time Stamp: 11:24:57

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Size( B){tes)/ Multl- 'Pages
Number Message Digest | Part/.zip| (ifappl.)
21494
1 Petition for review by the Office of 02_22_18_ResponsetoNotice. o 2
Petitions pdf
5d8b549de953e42e8a6b5acbb3fadde3324

2a70d

Warnings:




Information:

19868

2 Electronic Record Correction 02.22_1 8_I?et|t|on_Not|f|cat|o no 2
n_Entity_Status.pdf
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8550
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Information:

282668
3 Electronic Record Correction 02.22_1 8—C?:5/a08—23d—f1 7Ch no 2
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7b44b
Warnings:
Information:
20758
. . 02_22 18 Copy_08_23_17_¢fil
4 Electronic Record Correction - = s T T no 3
IngACk301 57480pdf 333637a7e636a61631163d29256143f99149
dfdb
Warnings:
Information:
581089
5 Electronic Record Correction 02221 8—§?tpy—08—2;f—1 7_Po no 1
wer Orney.p 70c38ea4be23794f31c63e218bfa37abc027]
7237
Warnings:
Information:
Total Files Size (in bytes): 925877

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.




UNITED STATES PATENT AND TRADEMARK OFFICE

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 NUMBER PATENT NUMBER GROUP ART UNIT REQUEST ID

12/162,135 7928057 1646 58142

PAIR Correspondence Address/Fee Address Change

The following fields have been changed to Customer Number 110669 on 02/22/2018 via Private PAIR in view
of the certification copied below that authorized the change.

* Maintenance Fee Address

The address for Customer Number 110669 is:
110669

Ajay A. Jagtiani

Miles & Stockbridge

1751 Pimnacle Drive

Suite 1500

Tysons Corner, VA 22102

I certify, in accordance with 37 CFR 1.4(d)(4) that I am:

An attorney or Agent of Record registered to practice before the Patent and Trademark Office who has been given
power of attorney in this application

Signature: Ajay A. Jagtiani/

Name: Ajay A. Jagtiani
Registration Number: 35205




UNITED STATES PATENT AND TRADEMARK OFFICE

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 NUMBER PATENT NUMBER GROUP ART UNIT REQUEST ID

12/162,135 7928057 1646 58142

PAIR Correspondence Address/Fee Address Change

The following fields have been changed to Customer Number 110669 on 02/22/2018 via Private PAIR in view
of the certification copied below that authorized the change.

* Correspondence Address

The address for Customer Number 110669 is:
110669

Ajay A. Jagtiani

Miles & Stockbridge

1751 Pimnacle Drive

Suite 1500

Tysons Corner, VA 22102

I certify, in accordance with 37 CFR 1.4(d)(4) that I am:

An attorney or Agent of Record registered to practice before the Patent and Trademark Office who has been given
power of attorney in this application

Signature: Ajay A. Jagtiani/

Name: Ajay A. Jagtiani
Registration Number: 35205




UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
12/162,135 11/10/2008 Oliver Ritter 00824.07.0001 8455
88944 7590 02/07/2018
) EXAMINER
Vedder Price P.C. | |
1401 I Street NW KEMMERER, ELIZABETH
Suite 1100
Washington, DC 20005 | ART UNIT | PAPER NUMBER |
1646
| NOTIFICATION DATE | DELIVERY MODE |
02/07/2018 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):

ipdocketdc @vedderprice.com
ahughes@vedderprice.com

PTOL-90A (Rev. 04/07)



UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents
United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspfo.gov

In re Patent No. 7,928,057

Issue Date: April 19, 2011 :

Application No. 12/162,135 : NOTICE
Filed: November 10, 2008 :

Attorney Docket No. 00824.07.0001

This is a notice regarding your request for acceptance of a fee deficiency submission under
37 CFR 1.28(c¢), filed August 23, 2017.

The Office no longer investigates or rejects original or reissue applications under 37 CFR 1.56. 1098 Off.
Gaz. Pat. Office 502 (January 3, 1989). Therefore, nothing in this Notice is intended to imply that an
investigation was done.

Your fee deficiency submission under 37 CFR 1.28 is hereby NOT ACCEPTED.

It appears that the petition was not properly signed by a person having authority to prosecute in the above-
identified patent. Therefore, the request can not be accepted at this time. Petitioner’s attention is directed
to 37 CFR 1.33(b), which states.

Amendments and other papers. Amendments and other papers, except for written assertions
pursuant to § 1.27(c)(2)(iii) or (¢)(2)(iv), filed in the application must be signed by:

(1) A patent practitioner of record;

(2) A patent practitioner not of record who acts in a representative capacity under the
provisions of § 1.34; or

(3) The applicant (§ 1.42). Unless otherwise specified, all papers submitted on behalf of a
juristic entity must be signed by a patent practitioner.

Here, the petition appears to be signed on behalf of a juristic entity. A juristic entity (e.g..
organizational assignee) must be represented by a patent practitioner even if the juristic entity is the
applicant. All paper submitted on behalf of a juristic entity must be signed by a patent practitioner.
A juristic entity may sign substitute statements, small entity assertions, terminal disclaimers, powers
of attorney, and submissions under 37 CFR 3.73(c) for an assignee to establish ownership of patent
property if the assignee is not the original applicant. See 37 CFR 1.31.

I would also like to bring to petitioner attention that petitioner only provided the calculation of the
deficiency owed in the instant request. A request for acceptance of a fee deficiency
submission under 37 CFR 1.28 petitioners is required to provide an itemization of the



Application/Control Number: 12/162,135 Page 2

Art Unit: OPET

deficiency payment. Petitioner’s attention is directed to 37 CFR 1.28(c)(2) (ii) which

states:

(2) Payment of deficiency owed. The deficiency owed, resulting from the previous
erroneous payment of small entity fees, must be paid.

(ii) Itemization of the deficiency payment. An itemization of the total deficiency

payment is required. The itemization must include the following information:

(A) Each particular type of fee that was erroneously paid as a small entity,

(e.g., basic statutory filing fee, two-month extension of time fee) along with the current
fee amount for a non-small entity;

(B) The small entity fee actually paid, and when. This will permit the Office to

differentiate, for example, between two one-month extension of time fees erroneously
paid as a small entity but on different dates;

(C) The deficiency owed amount (for each fee erroneously paid); and

(D) The total deficiency payment owed, which is the sum or total of the

individual deficiency owed amounts set forth in paragraph (¢)(2)(ii)(C) of this section.

Applicant is given ONE MONTH or THIRTY DAYS, whichever is longer, from the mailing date of
this decision to submit the fees required pursuant to 37 CFR 1.28(2)(i) and a replacement itemized listing
of each fee erroneously paid as a small entity in compliance with 37 CFR 1.28(c)(2)(ii). NO

EXTENSION OF TIME UNDER 37 CFR 1.136 IS PERMITTED.

Further correspondence with respect to this matter should be addressed as follows:

By Mail:

By FAX:

By Hand:

By Internet:

Mail Stop PETITION
Commissioner for Patents

P. O. Box 1450

Alexandria, VA 22313-1450

(571) 273-8300
ATTN: Office of Petitions

U. S. Patent and Trademark Office

Customer Service Window, Mail Stop Petitions
Randolph Building

401 Dulany Street

Alexandria, VA 22314

EFS-Web!

" www.uspto.gov/ebe/efs help.htmi (for help using EFS-Web call the Patent Electronic

Business Center at (866) 217-9197)



Application/Control Number: 12/162,135 Page 3
Art Unit: OPET

Telephone inquiries regarding this matter should be directed to the undersigned at (571) 272-1058.

[Ungela Walker|
Angela Walker
Paralegal Specialist
Office of Petitions




Office of Petitions: Decision Count Sheet Mailing Montn | 2

Application No. 12162135

21 35 %
For US serial numbers: enter number only, no slashes or commas. Ex: 10123456
For PCT: enter "51+single digit of year of filing+last 5 numbers", Ex. for PCT/US05/12345, enter 51512345

Deciding Official: Walker, Angela

Count (1) - Palm Credit 12162135

DISMISSED | TIPSRV

{1 Select Check Box for YES

Decision:

PRI,

321 - 37 CFR 1.28 TO MAKE ENTITY STATUS LARGE FR

Decision Type:

pIXTITIXINS

Notes:
Count (2)
. g R FINANCE WORK NEEDED !
Decision: | n/a v} i
s {1 Select Check Box for YES
Decision Type i NONE -i
Notes:
Count (3)
. FINANCE WORK NEEDED ™
Decision: { n/a i f
§ i Select Check Box for YES
Decision Type: | NONE -3
Notes:
. . C . If more than 3 decisions, attach
; -
Initials of Approving Official (if required) ond count sheet & mark this box o
Printed on: 2/4/2018

Office of Petitions Internal Document - Ver. 5.0




Office of Petitions: Routing Sheet

4700

Application No. 12162135

This application is being forwarded to your office for
further processing. A decision has been rendered on a
petition filed in this application, as indicated below.
For details of this decision, please see the document
PET.OP.DEC filed on the same date as this document.

“ GRANTED
- X DISMISSED
. DENIED




Doc Code: PA..

- . . s PTOIAIAB2E (07-13)
Dacument Description: Power of Attorney Approved for use through 11/30/2014, OME 0851-0051
U.8. Patent and Trademark Offics; UU.S. DEPARTMENT OF COMMERGCE

Under the Paperwork Reduction Act of 1885, nu persons are raquired to respond 1o & collection of information unless it displays a vaiid OME control number

' POWER OF ATTORNEY BY APPLICANT

I hareby revoke all previcus powers of attorney given in the application identified in either the attached transmittal letor oF
the boxas balow.

Application Number Filing Date

12162135 1 July 25, 2008

(Note: The boxes above may be left biank if information is providad on farm PTO/AIAIZA )

t hereby appoint the Patent Practitioner{s) associated with the following Customer Number as myfour attorney(s) or ageni(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/I2A) or identified above: | ’ - - i

o 1110869 |

[ ! Fhereby gpoint Practiioner(sinamed in ?,hes;attached Bist (form PTO/AIA/82C) 85 my/our attamey(s) of agent(s), and o iransact
altbusiness indhe United States Patent and Trademark Office connected therewith for the patent application referencedin the
sitached ttansmittal lstter (form PTO/AIAJB2AY oy identified above. (Note: fiomplete form PTO/AIA/E2C )

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

The address associated with the above-mentioned Customer Number

GR
. imi, . . . !“ h ™ T TR "{\
E I The address associated with Customer Number: 1106860 i
OR -
Firm or
Endividuai Name
- Address 7
iy | o lSme T ECN
Cousntry. ' _ _ ) o
Telephone ' 1 7 ' " Emait’ , !

I am the Applicant (if the Applicantis a furistic entity, list the Applicant name in the box):

"Juiius-i"v‘iaxémEiéan&Unéverééta;éi Wuerzbu‘rg

ij inventor or Joint inventor (title not required below)
i E Legal Representative of 5 Deceased or Legally incapacitated Inventor (title not required below)

Assignaee or Person to Whom the Inventor is Unider an Obligation to Assign (provide signer's title # apphcant g juristic entity)

Ej Person Whao Otherwi_se Shows Bufficient Proprietary Interest {e.g-.( g-petition under 37-CFR 1.48(b)(2) was

: granted i the
appdication aris e

aourrenily being iled withibis docum»;‘m}r{;:_rgyide'sigrxg:f‘:s&ti’;!é: §f'-'a'p;3iimmt'-s‘-s a juristic sntity
_ _ SIGNATURE of Applicant for Patent o
The undetsigned (whose title is supglad below) is authorized 1o act on behalf of the Spplicart (e.g., where the

applicantis a juristic entity),

Signatuen R . | Date {Ugtional] ]01.08.2017
Name | Dr. iris Zwirner-Baier ] '
Title Erfinderberaterin und Patarimanagenin

NOTE: Signature - THis form must be signed by the applicant Y accordanss with
and certifications. if'more than one applieset, use ragliipks forms,

saitug ratie
F i you p
TrRERRN
Tor Paseriss, 2

37 CFR 1.38. See 37 CFR 1.4 for signature requirements

_forms are submitted.
i
Quics by 370 3

i

enerde OO Ra N A s 3
Fox 1458, Alexandria, VA I334454 ‘ ’ o
¥ you need asaistance in compigting the form, call 1-800-PT0-3188 and select option 2.




Docket Mo, 189025070001

EN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of: Gliver RITTER Confirmation No: 8455

Application No.: 12/162,135 Patent No: 7,928,057

R e

Filed: January 23, 2007 Issued: April 19, 2011
For: PEPTIDE FOR INHIBITION OF CALCINEURIN, NUCLEIC ACID, ANTIBODY, AND
DIAGNOSTIC AND THERAPEUTIC METHODS OF USE

United States Patent and Trademark Office
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

MOTIFICATION OF CHANGE OF STATUS
EROM MICRO ENTITY TO SMALL ENTITY

Sir
Patentee inadvertently filed a certification of micro entity status on October 16, 2014,
Patentee also paid the maintenance fee as micro entity in the amount of $400.00 on October 6,

2014,

Patentee respectfully submits that the certification of micro entity status was filed in error
and Patentee claims small entity status. The deficiency in fees from micro entity to small entity

in the amount of $400.00 is being paid concurrently herewith.

Patentee respectfully requests that the record be changed to reflect small entity status.

o,
Date: | L{”;. K@ &3 1{‘:{-“ Respectfully submitted,

<.
Signed: o T T

n
Name of Signatory: W5

Title of Signarory: | sudaste

For: Julius-Maximilians-Universitast Weurzburg
{Patentee)



Electronic Patent Application Fee Transmittal

Application Number:

12162135

Filing Date:

10-Nov-2008

Title of Invention:

PEPTIDE FOR INHIBITION OF CALCINEURIN, NUCLEIC ACID, ANTIBODY AND
DIAGNOSTIC AND THERAPEUTIC METHODS OF USE

First Named Inventor/Applicant Name:

Oliver Ritter

Filer: Ajay A. Jagtiani/Anna Massimo
Attorney Docket Number: 00824.07.0001
Filed as Small Entity
Filing Fees for U.S. National Stage under 35 USC 371
Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
REQ. FOR REINSTATEMENT OF TERM REDUCED 2456 1 400 400

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:




Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

400




Electronic Acknowledgement Receipt

EFS ID: 30157480
Application Number: 12162135
International Application Number:
Confirmation Number: 8455

Title of Invention:

PEPTIDE FOR INHIBITION OF CALCINEURIN, NUCLEIC ACID, ANTIBODY AND
DIAGNOSTIC AND THERAPEUTIC METHODS OF USE

First Named Inventor/Applicant Name:

Oliver Ritter

Customer Number:

88944

Filer:

Ajay A. Jagtiani/Anna Massimo

Filer Authorized By:

Ajay A. Jagtiani

Attorney Docket Number: 00824.07.0001
Receipt Date: 23-AUG-2017
Filing Date: 10-NOV-2008

Time Stamp: 10:59:19

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $400

RAM confirmation Number

082317INTEFSW00009424501165

Deposit Account

Authorized User

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




File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
131932
1 Power of Attorney POA.pdf no 1
9c18a42a0a9515f66b0fedb63950192175fc|
6c3c
Warnings:
Information:
247062
2 Maintenance Fee Address Change ChangeAddressForm.pdf no 2
d7094df01c9650ead069ab69eas 7133267
Warnings:
Information:
40335
3 Notification of loss of entitlement to NotificationofChangeofStatus. o 1
micro entlty status pdf 732600128e0ea893¢1293b739f60341das58|
Warnings:
Information:
30596
4 Fee Worksheet (SB06) fee-info.pdf no 2
3c8dd96efbc689e46cbe92f58a8bdf65ebb2)
e7cl
Warnings:
Information:
Total Files Size (in bytes): 449925




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.




PTO/AIA/123 (08-12)
Approved for use through 01/31/2018. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Patent Number
CHANGE OF 7,928,057

Issue Date )
CORRESPONDENCE ADDRESS _ April 19, 2011
Patent Application Number |54 65 135
Address to: Filing Date November 10, 2008

Mail Stop Post Issue

First Named Inventor

Commissioner for Patents Oliver RITTER
P.O. Box 1450
KAIexandria, VA 22313-1450 Attorney Docket 109025-070001 /
Number

Please change the Correspondence Address for the above-identified patent to:

The address associated with Customer Number:

110669
OR

Firm or

Individual Name
Address
City State ZIP
Country
Telephone Email

This form cannot be used to change the data associated with a Customer Number. To change the data associated with an
existing Customer Number use "Request for Customer Number Data Change" (PTO/SB/124).

This form will not affect any "fee address" provided for the above-identified patent. To change a "fee address" use the "Fee
Address Indication Form" (PTO/SB/47).

| am the:

Patentee.

If the Patentee was not the applicant for patent (37 CFR 1.42), then a Statement under 37 CFR 3.73(c)
(Form PTO/AIA/96 or equivalent) is enclosed or was filed on . See 37 CFR 3.71.

v Attorney or agent of record. Registration Number 35205

Patent practitioner acting in a representative capacity whose correspondence address is the correspondence
address of record. Notice has been given to the patentee or owner. Registration Number 35205

Signature /Ajay A. Jagtiani/

Typed or
Printed Name

Ajay A. Jagtiani

Date August 23, 2017 Telephone 703-903-9000

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 multiple forms if more than one signature is required, see below*.

*Total of 4 forms are submitted.

This collection of information is required by 37 CFR 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: Mail Stop Post Issue, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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



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 (6 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.



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450
Alexandria, Virginia 22313-1450

WWW.uspto.gov
| APPLICATION NUMBER | PATENT NUMBER | GROUP ART UNIT | FILE WRAPPER LOCATION |

12/162,135 7928057 1646 9200

Ot O

Correspondence Address/Fee Address Change

The following fields have been set to Customer Number 88944 on 11/06/2012
« Correspondence Address
« Maintenance Fee Address

The address of record for Customer Number 88944 is:

88944

Vedder Price P.C.

1401 | Street NW

Suite 1100
Washington, DC 20005

PART 1 - ATTORNEY/APPLICANT COPY
page 1 of 1



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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
12/162,135 04/19/2011 7928057 00824.07.0001 8455
22506 7590 03/30/2011

Vedder Price, PC

1401 I Street, NW
Suite 1100
Washington, DC 20005

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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 Application Information
Retrieval (PAIR) WEB site (http://pair.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 Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Olwver Ritter, Wuerzburg, GERMANY;

IR103 (Rev. 10/09)



PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commlssmner for Patents
P.O.Box 1
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

é)roprlate All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

icated 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
malntenance fee notifications.

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

Eapers Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

22506 7590 12/10/2010
, Certificate of Mailing or Transmission
Vedder Price, PC I hereby certify that this Fee(s) Transmittal is being deposited with the United
875 15th Street. NW States Postal Service with sufficient postage for first class mail in an envelope
. > addressed to the Mail Stop ISSUE FEE address above, or being facsimile
Suite 725 transmitted to the USPTO (571) 273-2885, on the date indicated below.
Washington, DC 20005 -
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/162,135 11/10/2008 Oliver Ritter 00824.07.0001 8455
TITLE OF INVENTION: PEPTIDE FOR INHIBITION OF CALCINEURIN, NUCLEIC ACID, ANTIBODY AND DIAGNOSTIC AND THERAPEUTIC
METHODS OF USE
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional YES $755 $300 $0 $1055 03/10/2011
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
KEMMERER, ELIZABETH 1646 514-001100
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
GrR 1 363, <P ( printing on the p pag | VEDDER PRICE P.C.

(1) the names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,

Address form PTO/SB/122) attached. , Ajay A. Jagtiani

(2) the name of a single firm (having as a member a

[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. 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 has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
JULTUS-MAXIMILIANS-UNIVERSITAET WUERZBURG WUERZBURG, GERMANY

Please check the appropriate assignee category or categories (will not be printed on the patent) : O Individual (3 Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee [ A check is enclosed.
@ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies @ The Director is hereby authorized to charge %&reqﬁlﬁe%fgﬁ:(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. . Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature /Aj ay A. Jagt iani / Date February 28, 2011

Typed or printed name Aj ay A. Jagt iani Registration No. 35,205

This collection of information is required by 37 CEFR 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 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will v. epending 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 toalt'f}lle 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.

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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International Application Number:
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Title of Invention:
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characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
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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 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
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Docket No. 00824.07.0001

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Oliver RITTER Confirmation No: 8455

Application No.: 12/162,135 Group Art Unit: 1646

N N e N e’

Filed: November 10, 2008 Examiner: Elizabeth KEMMERER
For:  PEPTIDE FOR INHIBITION OF CALCINEURIN, NUCLEIC ACID, ANTIBODY, AND DIAGNOSTIC
AND THERAPEUTIC METHODS OF USE

Mail Stop ISSUE FEE
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION PAPERS

Sir;

This is in response to the NOTICE TO FILE CORRECTED APPLICATION PAPERS dated
January 19, 2011, the period for response to which is set to expire on March 19, 2011.

It is Applicants position that this Notice was incorrectly issued and that there is no need to

correct the Application Papers filed on November 10, 2008.

Applicants respectfully point out that the paragraph on page 4, beginning at line 30 refers to
Figure 5 (i.e., Figs. 5A-5D) in total. It merely provides general information on the experiments
underlying the results that have been presented in Figs. 5SA-5D. Please note that only Figs.
5A-5D were originally filed in the International Application (WO 2007/085455). Therefore,
Applicants submit that no further submissions or amendments to the application are required. It

is respectfully requested that the Notice be withdrawn.



Docket No.: 00824.07.0001
Serial Application No: 12/162,135
Page 2 of 2

REMARKS

In view of the foregoing, it is respectfully submitted that this application is in condition for

allowance and favorable action is respectfully solicited.

Date: February 17,2011 Respectfully submitted,
Vedder Price P.C.

875 15th Street, NW, Suite 725 [Ajay A. Jagtiani/
Washington, DC 20005 Ajay A. Jagtiani
Telephone: 202-312-3380 Attorney for Applicant(s)
Facsimile: 202-312-3322 Reg. No.: 35,205

CUSTOMER NO: 22506
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Oliver Ritter

Customer Number:

22506

Filer:
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Filer Authorized By:

Ajay A. Jagtiani
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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.




UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450
WWW,USpLo.gov

[ APPLICATION NO. FILING DATE FIRST NAMED INVENTOR J ATTORNEY DOCKETNO. | CONFIRMATION NO.
12/162.135 11/10/2008 Oliver Ritter 00824.07.0001 8455
22506 7590 01/19/2011 I
. EXAMINER
Vedder Price, PC

875 15th Street, NW
Suite 725
Washington, DC 20005

KEMMERER, ELIZABETH

I ART UNIT l PAPER NUMBER
1646
| MAIL DATE [ DELIVERY MODE
01/19/2011 PAPER

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.

PTOL-90A (Rev. 04/07)



UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Application No. : 12162135
Applicant : Ritter
Filing Date : 11/10/2008
Date Mailed : 01/19/2011

NOTICE TO FILE CORRECTED APPLICATION PAPERS
Notice of Allowance Mailed

This application has been accorded an Allowance Date and is being prepared for issuance. The
application, however, is incomplete for the reasons below.

Applicant is given 2 month(s) from the mail date of this Notice within which to respond.

The informalities requiring correction are indicated in the attachment(s). If the informality
pertains to the abstract, specification (including claims) or drawings, the informality must be
corrected with an amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue
application, 37 CFR 1.173). Such an amendment may be filed after payment of the issue fee if
limited to correction of informalities noted herein. See Waiver of 37 CFR 1.312 for Documents
Required by the Office of Patent Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004).
In addition, if the informality is not corrected until after payment of the issue fee, for purposes of
35 U.S.C. 154(b)(1)(iv), “all outstanding requirements” will be considered to have been satisfied
when the informality has been corrected. A failure to respond within the above-identified time
period will result in the application being ABANDONED. This period for reply is NOT
extendable under 37 CFR 1.136(a).

See attachment(s).

A copy of this notice MUST be returned with the reply. Please address response to
“Mail Stop Issue Fee,Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450".

/Carlota Erana/

Publication Branch

Office of Data Management
(571) 272-4200



Application No. 12162135
IDENTIFICATION OF SPECIFICATION/DRAWING INCONSISTENCIES

On Page 4 of the specification there is a brief description of FIG. 5, but the drawings filed
07/25/2008 do not include a drawing with that designation. Applicant must respond either by
supplying the omitted drawing or by amending the specification to remove all references to that
drawing.

[ ] The drawings filed include FIG. , but the specification's brief description of the drawings does
not describe a drawing with that designation. Applicant must respond either by amending the
specification to add a brief description of that drawing or by correcting the drawings to remove
the drawing in question.

[ ] Drawings are present in the application and are referred to in the detailed description of the
invention, but the specification does not contain a brief description of the drawings as required
by 37 CFR 1.74 and 37 CFR 1.77(b)(8).

[ ] Page ofthe specification refers to FIG. , but no drawing with that designation is described in the
brief description of the drawings and no drawing with that designation is present in the
application. Applicant must respond either by amending the specification to remove all
references to that drawing, or by supplying that drawing and amending the specification to add a
brief description of it.

OTHER:

L1 [

COMMENTS:



UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

22506 7590 | E INER |

Vedder Price, PC

12/10/2010

KEMMERER, ELIZABETH

875 15th Street, NW | ART UNIT PAPER NUMBER |

Suite 725 1646

Washington, DC 20005 DATE MAILED: 12/10/2010

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
12/162,135 11/10/2008 Oliver Ritter 00824.07.0001 8455

TITLE OF INVENTION: PEPTIDE FOR INHIBITION OF CALCINEURIN, NUCLEIC ACID, ANTIBODY AND DIAGNOSTIC AND THERAPEUTIC
METHODS OF USE

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

nonprovisional YES $755 $300 $0 $1055 03/10/2011

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

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 SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required)
and twice the amount of the ISSUE FEE shown above, or

If the SMALL ENTITY is shown as NO:
A. Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

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 and an extra copy of the form should be submitted. 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: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.



PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commlssmner for Patents
P.O.Box 1
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

é)roprlate All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

icated 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
malntenance fee notifications.

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

Eapers Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

22506 7590 12/10/2010
, Certificate of Mailing or Transmission
Vedder Price, PC I hereby certify that this Fee(s) Transmittal is being deposited with the United
875 15th Street. NW States Postal Service with sufficient postage for first class mail in an envelope
. addressed to the Mail Stop ISSUE FEE address above, or being facsimile
Suite 725 transmitted to the USPTO (571) 273-2885, on the date indicated below.
Washington, DC 20005 -
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/162,135 11/10/2008 Oliver Ritter 00824.07.0001 8455

TITLE OF INVENTION: PEPTIDE FOR INHIBITION OF CALCINEURIN, NUCLEIC ACID, ANTIBODY AND DIAGNOSTIC AND THERAPEUTIC
METHODS OF USE

| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional YES $755 $300 $0 $1055 03/10/2011
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
KEMMERER, ELIZABETH 1646 514-001100
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. 2
(2) the name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. 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 has been filed for
recordation as set forth in 37 CFR 3.11. 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 [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. . Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CEFR 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 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will v. epending 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 toalt'f}lle 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.

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE



UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
12/162,135 11/10/2008 Oliver Ritter 00824.07.0001 8455
22506 7590 12/10/2010 | EXAMINER |
Vedder Price, PC KEMMERER, ELIZABETH
875 15th Street, NW | ART UNIT PAPER NUMBER |
Suite 725

1646

Washington, DC 20005 DATE MAILED: 12/10/2010

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

The Patent Term Adjustment to date is O day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

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 Application Information Retrieval
(PAIR) WEB site (http://pair.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 Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101  or
(571)-272-4200.

Page 3 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.



Application No. Applicant(s)

) . 12/162,135 RITTER, OLIVER
Notice of Allowability Examiner Art Unit
Elizabeth C. Kemmerer, Ph.D. 1646

-- 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. [X] This communication is responsive to the amendment of 26 October 2010 and the interview of 06 December 2010.

2. X] The allowed claim(s) is/are 5-11 and 13-17.

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

a)X Al b)[J Some* c¢)[JNone ofthe:
1. X Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [ to Paper No./Mail Date .

(b) [ 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. ] Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [1 Notice of Draftperson's Patent Drawing Review (PT0O-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .

3. [ Information Disclosure Statements (PTO/SB/08), 7. X Examiner's Amendment/Comment

Paper No./Mail Date
4. [ Examiner's Comment Regarding Requirement for Deposit 8. X Examiner's Statement of Reasons for Allowance

of Biological Material

9. [] Other .

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20101129
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EXAMINER’S AMENDMENT
An examiner’s amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.
Authorization for this examiner’'s amendment was given in a telephone interview
with Attorney Ajay Jagtiani on 06 December 2010.

The application has been amended as follows:

5. (Currently Amended) A kit comprising the peptide of SEQ ID NO: 1,2, 5-9 or 10 fer

10. (Currently Amended) An antibody directed-against that specifically binds the

peptide of SEQ ID NO: 1, 2, 5-9 or 10.

11. (Currently Amended) A peptide consisting of the amino acid sequence of SEQ ID

NO: 1, 2, 5-9, or 10

. loaicaldisorder.

Please cancel claim 12 without prejudice.
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Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Elizabeth C. Kemmerer, Ph.D. whose telephone number
is (571) 272-0874. The examiner can normally be reached on Monday through Friday,
9:00 a.m. to 5:30 p.m.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Gary Nickol, Ph.D. can be reached on (571) 272-0835. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

[ECK/
06 December 2010

{Elizabeth C. Kemmerer/
Elizabeth C. Kemmerer, Ph.D.
Primary Examiner, Art Unit 1646
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Docket No. 00824.07.0001

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of: Oliver RITTER Confirmation No: 8455

Application No.: 12/162,135 Group Art Unit: 1646

N e e N e’

Filed: November 10, 2008 Examiner: Elizabeth KEMMERER

For: PEPTIDE FOR INHIBITION OF CALCINEURIN
United States Patent and Trademark Office
Mail Stop Amendment

P.O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT

Sir;

In response to the Office Action mailed May 26, 2010, the period for response which is
set to expire on October 26, 2010 with a two-month extension of time, please amend the above-
captioned application, without prejudice or disclaimer as follows, as well as consider the

following remarks.
Amendments to the Specification begin on page 2 of this paper.
Amendments to the Claims begin on page 3 of this paper.

Remarks/Arguments begin on page 5 of this paper.
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IN THE SPECIFICATION

Please replace the title of the invention with the following title:

PEPTIDE FOR INHIBITION OF CALCINEURIN, NUCLEIC ACID, ANTIBODY,
AND DIAGNOSTIC AND THERAPEUTIC METHODS OF USE.
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IN THE CLAIMS

Please cancel Claims 1-4 without prejudice or disclaimer of the subject matter recited
therein. Please amend Claims 5-12 and add Claims 13-17 to read as follows. Claims 5-17 are
currently pending. This listing of claims will replace all prior versions and listings of claims in

the application.

1. (Cancelled)
2. (Cancelled)
3. (Cancelled)
4. (Cancelled)

5. (Currently Amended) A kit comprising the peptide of SEQ ID NO: 1,2, 5-9 or 10 for

diagnosing susceptibility for a myocardial and/or immunological disorder.

6. (Currently Amended) A therapeutic agent comprising the peptide of SEQ ID NO: 1, 2, 5-
9 or 10.

7. (Currently Amended) [[A]] An therapeutie agent comprising a nucleic acid which
encodes the peptide of SEQ ID NO: 1, 2, 5-9 or 10.

8. (Currently Amended) A therapeutic agent comprising a peptide of at least 90% preferably
atteast-95%more-preferred-atleast-98%still-merepreferred1+00% identity of the peptide of
SEQ ID NO: 1, 2, 5-9 or 10; wherein ke the peptide substantially inhibits the translocation of

calcineurin from the cytoplasm to the nucleus of a cell.

9. (Previously Presented) The therapeutic agent of claim 6, further comprising a

pharmaceutically acceptable carrier.

10. (Currently Amended) An antibody directed against the peptide of SEQ ID NO: 1, 2, 5-9
or 10.
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11.  (Currently Amended) A

—Use-efustng-the peptide of SEQ ID NO: 1, 2, 5-9 or 10 for manufacturing-a—therapeutie
agentfor—prophytaetie prophylacticly and/or therapeutie therapeuticly treatment—of treating a

myocardial and/or immunological disorder.

12. (Currently Amended) The use—method peptide of claim 11, wherein the myocardial
disorder is selected from the group consisting of hypertrophic cardiomyopathy, #—partientar
hypertrophic  obstructive  cardiomyophathy, hypertensive cardiomyopathy, ischemic
cardiomyopathy, dilated cardiomyopathy, aortic stenosis and heart attack; and the immunological

disorder is selected from the group consisting of transplant rejection and immune suppression.

13.  (New) A therapeutic agent comprising a peptide of at least 95 % identity of the peptide
of SEQ ID NO: 1, 2, 5-9 or 10; wherein the peptide substantially inhibits the translocation of

calcineurin from the cytoplasm to the nucleus of a cell.

14.  (New) A therapeutic agent comprising a peptide of at least 98 % identity of the peptide
of SEQ ID NO: 1, 2, 5-9 or 10; wherein the peptide substantially inhibits the translocation of

calcineurin from the cytoplasm to the nucleus of a cell.

15.  (New) A therapeutic agent comprising a peptide of 100 % identity of the peptide of SEQ
ID NO: 1, 2, 5-9 or 10; wherein the peptide substantially inhibits the translocation of calcineurin

from the cytoplasm to the nucleus of a cell.
16.  (New) The agent of claim 7, further comprising a pharmaceutically acceptable carrier.

17.  (New) The therapeutic agent of claim 8, further comprising a pharmaceutically

acceptable carrier.
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REMARKS

A. Status of Claims

Favorable reconsideration of this application, as presently amended, is respectfully
requested. Claims 5-17 are currently pending. Claims 5-8, 10 and 11 are currently amended,
and Claims 13-17 are newly added. Claims 1-4 are cancelled without prejudice or disclaimer.
Applicants reserve the right to file continuing or divisional applications covering the subject

matter of the cancelled claims.

B. Procedural Matters

Applicant notes the Examiner's indication that the certified copy of the foreign
application as required under 35 U.S.C. 119(b) has not been filed in the USPTO. However,
Applicant filed a certified copy of the priority application in the USPTO on July 9, 2010.
Accordingly, acknowledgment of the priority document and benefit of the foreign priority filing

date is respectfully requested.

Applicant gratefully acknowledges the Examiner’s acceptance of the Information
Disclosure Statements filed on November 10, 2008, and the notation by the Examiner that all
references listed in the accompanying SB08 forms have been considered (as none have been

lined through), and made of record.

C. Response to Objections to the Claims and Specification

At page 2, the Office Action objects to the title not being sufficiently descriptive.
Applicant has adopted/amended the title of the invention suggested by the examiner. Therefore,
this objection should now be withdrawn. In the event that the Examiner wishes a different title,

the Examiner is invited to contact Applicant’s representative at 202-312-3380.

At page 3, the Office Action objected to Claim 8 for informality typographical error.
Applicant has obviated this rejection by amending the word “he” to the word “the” as suggested

by the Examiner. Thus, this objection is rendered moot with respect to this claim.
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D. Response to Rejection under 35 U.S.C. 8§ 112, Second Paragraph

At pages 3-5, the Office Action objects to Claims 1 through 12 for allegedly failing to
particularly point out and distinctly claim the subject matter of the invention. All claims
presently on file are amended to recite SEQ ID NOs: 1, 2, 5 to 9 or 10 to clarify that the
sequences represent alternatives and that the recited peptide is only required to comprise one of
these sequences. The amendment is supported by the description on page 21, line 18 to page 22,

line 5 of the application as originally filed (WO 2007/085455 A1).

Present claim 8 has been amended to remove alternative ranges by the elimination of the

language “preferably at least ... ”.

Present claim 11 is amended to refer to a peptide for prophylactically and/or
therapeutically treating a myocardial and/or immunological disorder. This amendment is
supported by claim 11 as originally filed (WO 2007/085455 A1) and page 10, lines 19 to 21 of
the description as originally filed. Thus, all claims distinctly point out the claimed subject-matter

and comply with 35 U.S.C. § 112, second paragraph.
Present claim 12 has been amended to remove the language “in particular.”

E. Response to Rejection under 35 U.S.C. § 112, First Paragraph, for Alleged Failure

to Complv with the Enablement Requirement

At pages 5-8, the Office Action rejects Claims 1 through 15 under 35 U.S.C. § 112, first
paragraph, for allegedly failing to comply with the enablement requirement. Claims 1-4 are

deleted from the listing of claims.

Claims 11 and 12 are amended by deleting the methods steps which were objected by the
Examiner. Therefore, theses claims no longer refer to a method for diagnosing, and the

objections raised under 35 U.S.C. § 112, first paragraph regarding these claims are moot.

Currently pending claim 7 is amended by deleting the word "therapeutic”, as suggested
by the Examiner. The claim now refers to an agent comprising a nucleic acid which encodes the

peptide of SEQ ID NO: 1, 2, 5 to 9 or 10. The amendment is supported by the disclosure of the
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examples given in the description as originally filed (WO 2007/085455 Al), in particular in the
paragraph dealing with the preparation and use of plasmids (page 12, lines 6 to 26).

F. Response to Rejection under 35 U.S.C. § 102

At page 9, the Office Action rejects Claim 10 under 35 U.S.C. § 102(b) for allegedly
being anticipated by XP002433633 (internet article, 10 January 2005). The applicant agrees that
this document discloses three antibodies (AB12233, AB3673 and AB50501) which react with
calcineurin A from several species including human. However, in contrary to the Examiner’s

assumption, they are not suitable for binding to any of the peptides of the present application.

AB12233 was not raised against full length calcineurin A but against a peptide consisting
of amino acids 264 to 283 of calcineurin A. These amino acids do not comprise any of SEQ ID
NOs: 1, 2, 5 to 9 or 10 and also do not comprise the nuclear localization signal (NLS) of
calcineurin A. This information can be obtained from the datasheet of the calcineurin A antibody

AB12233 provided by Abcam, which is herewith submitted as enclosure 1.

The antibodies AB3673 and AB50501, although raised against full length calcineurin A
protein (data sheets for AB3673 and AB50501 are submitted as enclosure 2 and 3, respectively),
are unlikely to specifically bind to any of the peptides of SEQ ID NO: 1, 2, 5 to 9, or 10. The
reason for this is that the NLS sequence is masked within the full length calcineurin A protein. It
only gets exposed to the surface upon a change in confirmation due to the activation of
calcineurin A by Ca*" or proteolysis. This is evident from the application as originally filed (WO
2007/085455 A1) on page 6, lines 29 to 31 and also from Hallhuber et al, 2006 (cited in the
international search report), page 632, column 2, lines 2 to 7. Additionally, the calcineurin A
protein used to raise e.g. AB3673 was expressed in E. coli, as is evident from the datasheet.
Since the described activation of calcineurin A is un-likely to occur in E. coli, the antibody
AB3673 is unlikely to comprise any antibodies directed against the NLS domain of calcineurin
A. This is further supported by the product description of AB3673 given in the datasheet which
shows that this antibody only detects one single form of calcineurin A of about 62 kDa. The

proteolyzed and active form of calcineurin A which is recognized by the antibody of the present
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application, is shorter and cannot be detected by AB3673 as is evident from a comparison of

enclosure 2 to Fig. 4 of the application as filed.

Thus, the antibodies disclosed in XP002433633 are not suitable for specifically binding
the peptides of SEQ ID NO: 1, 2,5 to 9 or 10. Therefore, currently pending claim 10 is not
anticipated by XP002433633 and complies with the requirements of 35 U.S.C. § 102.

CONCLUSION

In view of the foregoing amendments and remarks, Applicant respectfully requests
reconsideration of this Application and the prompt allowance of all pending claims currently
under consideration.

Should the Examiner feel that there are any issues outstanding after consideration of this
response, the Examiner is invited to contact Ajay A. Jagtiani at (202) 312-3380 to expedite
prosecution of the application.

The Commissioner is hereby authorized by this paper to charge any fees during the entire
pendency of this application including fees due under 37 C.F.R. §§ 1.16 and 1.17 which may be
required, including any required extension of time fees, or credit any overpayment to Deposit
Account 22-0259. This paragraph is intended to be a CONSTRUCTIVE PETITION FOR
EXTENSION OF TIME in accordance with 37 C.F.R. § 1.136(a)(3) if needed.

Respectfully submitted,
Date: October 26, 2010 /Ajay A. Jagtiani/

Ajay A. Jagtiani
Vedder Price P.C. Attorney for Applicant(s)
875 15th Street, NW Reg. No.: 35,205

Washington, DC 20005
Telephone: (202) 312-3320
Facsimile: (202) 312-3322
CUSTOMER NO: 22506
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Data sheet for AB12233 from Abcam



Calcineurin A antibody (ab12233) | Abcam

abcam-_-

cam..

Calcineurin A antibody (ab12233)

Product Name Calcineurin A antibody

Product type Primary antibodies

Description Rabbit polyclonal to Calcineurin A

Immunogen Peptide corresponding to aa 264-283 of human Calcineurin A conjugated to KLH. This
sequence is identical in rat and mouse Calcineurin A,

Reacts with Hu, Ms, Rat, Cow, Dog, Hm, Rb

(species key)

Tested applications iP, WB

(see key) :

Abreviews Submit an Abreview

Customer reviews

(see key) Be the first to review this antibody and eam 220 Abpoints.

¢

Read about Abreviews

Application notes Recommended dilutions
(see key) IP: Use at a concentration of 10 pg/ml.
WB: Use at a concentration of 2 pg/ml. Detects a band of approximately 61 kDa (predicted

molecular weight: 62.5 kDa).

Not tested in other applications.
Optimal dilutions/concentrations should be determined by the end user.

Celiular localization " Nuctear

Signal Transduction >> Calcium Signaling >> Calmodulin Pathway

Signal Transduction >> Protein Phosphorylation >> Ser / Thr Phosphatases

Immunology >> Adaptive Immunity >> B Cells >> Non-CD

Calcineurin, a major soluble calmodulin binding protein in the brain, a Ca2+/calmodulin
dependent serine/threonine protein phosphatase, with a relatively narrow substrate
specificity. This metalloenzyme, also known as phosphatase 2B, is a heterodimer composed
of a calmodulin binding, catalytic alpha subunit 61 kDa, calcineurin A) and calcium binding
beta subunit (18 kDa, calcineurin B). The Ca2+ binding subunit, caicineurin B, is
immunologically conserved from yeast to mammals. The presence of 2 different calcineurin
B isoforms (beta 1 and beta 2) has been reported in rat testis. The catalytic subunit of
calcineurin, calcineurin A, isolated from different tissues or different organisms, exhibits
some immunological heterogeneity. Further, there are at least 2 isoforms of calcineurin A in
‘bovine brain (alpha 1 and alpha 2, 61 and 59 kDa, respectively).

Research areas

Relevance

Database links Entrez 286852 (Cow) SwissProt Q08209
" Gene 5530 (Human) (Human)
19055 (Mouse) ypigene 272458

24674 (Rat)
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Calcineurin A antibody (ab3673) | Abcam

abcam® -

. -

Calcineurin A antibody (ab3673)

Product Name Calcineurin A antibody
Product type Primary antibodies

Description Rabbit polyclonat to Calcineurin A

Immunogen Full length Calcineurin A fusion expressed in E. coli.
Reacts with Hu, Ms

{species key)

Tested applications P, WB

(see key)

Abreviews Submit an Abreview and earn up to 220 Abpoints by reviewing this product
Customer reviews

(see key) «WB 1 Abreview - average rating: Ne¥¥elerk
Read about Abreviews

(Read all Abreviews)

Application notes
(see key)

Cellular localization

‘Research areas

Relevance

Database links

Recommended dilutions
iP: Use at an assay dependent dilution.
WB: 1/2000 - 1/6000. Detects a band of approximately 62 kDa in brain homogenates.

Not tested in other applications.
Optimal dilutions/concentrations should be determined by the end user.

Nuclear

Signal Transduction >> Calcium Signaling >> Calmodulin Pathway

Signal Transduction >> Protein Phosphorylation >> Ser / Thr Phosphatases
Immunology >> Adaptive immunity >> B Celis >> Non-CD

Calcineurin, a major soluble calmodulin binding protein in the brain, a Ca2+/calmodulin
dependent serine/threonine protein phosphatase, with a relatively narow substrate
specificity. This metalloenzyme, also known as phosphatase 2B, is a heterodimer composed
of a calmodulin binding, catalytic alpha subunit 61 kDa, calcineurin A) and calcium binding
beta subunit (18 kDa, calcineurin B). The Ca2+ binding subunit, calcineurin B, is
immunologically conserved from yeast to mammals. The presence of 2 different caicineurin
B isoforms (beta 1 and beta 2) has been reported in rat testis. The catalytic subunit of
calcineurin, calcineurin A, isolated from different tissues or different organisms, exhibits
some immunological heterogeneity. Further, there are at least 2 isoforms of calcineurin A in
bovine brain (alpha 1 and alpha 2, 61 and 59 kDa, respectively).

Entrez 5530 (Human) SwissProt Q08209

Gene 19055 (Mouse) {Human)

GeneCard GC04M102343  Unigene 272458
{Human) (Human)



Calcineurin A antibody (ab3673) | Abcam

Omim 114105
(Human)
Raised in Rabbit
Clonality Polyclonal
Isotype IgG
Purity Whole antiserum
Storage buffer Preservative: 0.01% Sodium Azide

Material safety datasheet (MSDS) for this product:

Sodium Azide MSDS

Form Liquid

Concentration Concentration not determined - why is this?

Storage instructions Store at +4°C short term {1-2 weeks). Aliquot and store at -20°C or -80°C. Avoid repeated
freeze / thaw cycles.

At Abcam, we have one centralized database to hold all of our product
information, so that everything we know about this Calcineurin A antibody is on
this datasheet. But please do contact us if you would like any reassurance!

See below for Calcineurin A antibody images, references, products related to ab3673 and other tools.

Calcineurin A antibody images:

& - Calcineurin A antibody (ab3673)

97—,
66— |

31—

21—»

14— -

Western Blot of wild type mouse brain homogenate with ab3673 used at 1/6000.
Please note that this image was assembled from two different blots. (The numbers
on the scale correspond to kD).

References for Calcineurin A antibody (ab3673)

[@ Thls product has been used in:

Hoeffer CA et al. The Down syndrome critical region protein RCAN1 regulates long-term potentiation and memory via
inhibition of phosphatase signaling. J Neurosel 27:13161-72 {2007). PubMed: 18045910

If you publish research using ab3673 please let us know so that we can cite the reference on this datasheet,
Customer reviews (feedback) regarding Calcineurin A antibody

Customer FAQs regarding Calcineurin A antibody

Protocols for Calcineurin A antibody

Price and availability of products related to Calcineurin A antibody
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Data sheet for AB50501 from Abcam
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Calcineurin A antibody [CN-A1] (ab50501) | Abcam

Y. >> (

Product Name
Product type
Description
Immunogen

Reacts with
(species key)

Specificity

Tested applications
(see key)

Calcineurin A antibody [CN-A1]

Primary antibodies

Mouse monoclonat [CN-A1] to Calcineurin A

Full length native protein purified from bovine brain

Hu, Rat, Cow

Does not cross-react with the beta-subunit (Calcineurin B).
ELISA, IHC-P, WB

Abreviews
Customer reviews
(see key)

Read about Abreviey

b

Be the first to review this product and earn 220 Abpoints.

Appiication notes
(see key)

Positive control

Cellular localization

Research areas

Relevance

Database links

Raised in
Clonality
Cione number
isotype

Purity
Storage buffer

Recommended dilutions

ELISA: Use at an assay dependent dilution.

{HC-P: Use at an assay dependent dilution.

W8: 1/10000. Detects a band of approximately 61 kDa (predicted moiecular weight: 59 kDa}).

Not yet tested in other applications.
Optimat dilutions/concentrations should be determined by the end user.

WAB: rat brain extract
IHC-P: neurons in human ganglia

Nuclear

Calcineurin, a major soluble calmodulin binding protein in the brain, a Ca2+/calmodulin dependent serine/threonine protein
phosphatase, with a relatively narrow substrate specificity. This metalloenzyme, also known as phosphatase 2B, is a heterodimer
composed of a calmodulin binding, catalytic alpha subunit 61 kDa, calcineurin A) and calcium binding beta subunit (18 kDa, calcineurin
B). The Ca2+ binding subunit, calcineurin B, is immunologically conserved from yeast to mammals. The presence of 2 different
calcineurin B isoforms (beta 1 and beta 2) has been reported in rat testis. The catalytic subunit of calcineurin, calcineurin A, isolated
from different tissues or different organisms, exhibits some fmmunological heterogeneity. Further, there are at least 2 isoforms of
calcineurin A in bovine brain (alpha 1 and alpha 2, 61 and 59 kDa, respectively).

SwissProt P48452

Entrez 286852

Gene (Cow) (Cow)
5530 Q08209
(Human) (Human)
24674 P63329
(Rat) (Rat)
Omim 114105 Unigene 435512
(Human) (Human)
6866
(Rat)
Mouse
Monoclonat
CN-A1
19G1
Ascites

Preservative: 15mM Sodium Azide
Constituents: Ascites



Calcineurin A antibody [CN-A1] (ab50501) | Abcam

Material safety datasheet (MSDS) for this product:
Sodium Azide MSDS

Form Liquid
Concentration Batch dependent within range: 7.90 - 7.90 mg/ml|

Find concentration of your lot 1|

Storage instructions Store at +4°C. Aliquot and store at -20°C or -80°C when reconstituted. Avoid repeated freeze / thaw cycles.

References for Calcineurin A antibody [CN-A1] (ab50501)
L

This product has been used in:

If you publish research using ab50501 please let us know so that we can cite the reference on this datasheet.

Customer reviews (feedback) regarding Calcineurin A antibody [CN-A1]

Price and availability of products related to Caicineurin A antibody [CN-A1}

Calcineurin A antibody [CN-A1] - related products:

Products for immunohistochemistry (Formalin/PFA fixed paraffin-embedded sections)
Slides

Products for Western blot

Lysates

Positive Controls for Calcineurin A antibody [CN-A1]

. Compatible Secondaries for Calcineurin A antibody [CN-A1]
ah2891 HRP polymer antibody

ah6563 Cy5 ® antibody.

ab6726  Texas Red ® antibody

. ab6728  HRP antibody
ab6729  Alkaline Phosphatase antibody

ab6785 EITC antibody

ah6788 Biotin antibody

ab7002  Phycoerythrin antibody

ab7018  Agarose antibody

ab27229 15nm Gold antibody
¢ ab27230 10nm Gold antibody
ab27231  15nm Gold antibody
ab27233 &Snm Gold antibody
ab27241  10nm Gold antibody

ab27242  20nm Gold antibody

ab27243
ab27244

ab60313 ody.
ab60316 y
ab60318 ™ dy

ab79091 Rat monoclonal [SB84a] Secondary Antibody to Mouse IgG2a - gamma chain

Other Calcineurin A Antibodies
See all Calgingurin A antibodies (11)...
All products are "FOR RESEARCH USE ONLY AND ARE NOT INTENDED FOR DIAGNOSTIC OR THERAPEUTIC USE"

©1998-2010 Abcam plc. All rights reserved.
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Peptide for Inhibition of Calcineurin
Field of the invention

The present invention relates to a method for diagnosing susceptibility for a myo-
cardial and/or immunological disorder, a kit and a therapeutic agent comprising a -

peptide of SEQ ID NO: 1 or 2 and uses thereof.

Background of the invention . _

The movement of proteins over ~40 kDa into and out of the nucleus is governed

by the nuclear pore complex (NPC), a multi subunit structure embedded in the nu-

clear envelope (Jans et al., 2000). Transcription factors and enzymes that regulate

the activity of these proteins are shuttled across the nucleér envelope by proteins
that recbgnize nuclear localization signals/sequences (NLS) and nuclear export
signals (NES). Positively charged NLSs are bound by importins a and/or B — also

known as karyophefins — which tether cargo to the cytosolic face of the nuclear
pore corhplex and facilitate translocation of proteins into the nucleus. The CRM1

protein, also referred to as exportin, mediates the transfer of proteins out of the
nucleus (Fornerod et al., 1997), although CRM1-independent mechanisms for nu-
clear export exist (Kutay et al., 1997). The ability of nuclear import and export ma-
chinery to access a NLS or NES is often dictated by signalling events that lead to

the exposure or masking of these regulatory sequences (Cyert, 2001). This may
occur through direct modification of the target protein or via modification of an as-
sociatéd factor.

The signalling cascade of calcineurin (CnA) and the nuclear factor of activated T
cells (NF-ATc) is a crucial transducer of cellular funétion. NF-ATc is an ubiquitous
transcription factor but has particular relevance in cytokine expression and the
development of pathologic myocardial hypertrophy. The formation of complexes
between transcription factors and DNA is crucial for the transcriptional process.
Therefore, the time that transcription factors remain nuclear is a major determi-
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nant for transcriptional activity. It was shown that that in addition to the transcrip-
tion factor NF-ATc, the phosphatase calcineurin is also translocated to the nu-
cleus (Burkhard et al., 2005; Frey et al., 2000; Zou et al., 2001; Shibasaki et al,,
1996). Calcineurin is therefore not only responsible for dephosphorylating NF-ATc,
thus enabling its nuclear import; its presence in the nucleus is also significant in
ensuring the full transcriptional activity of NF-ATc (Zhu et al., 1999). The tradi-
tional understanding of calcineurin activation via sustained high Ca®'levels
(Timmerman et al., 1996; Dolmetsch et al., 1997) was advanced by findings of the
inventor that calcineurin is activated by proteolysis of the C-terminal auto-inhibitory
domain, which leads to a constitutively nuclear translocation of calcineurin
(Burkhard et al., 2005). |

Calcineurin is known to suppress the immune system, and various pharmaceutical
compqéitions are available from commercial sources. Calcineurin inhibitors belong
to the group of cyclosporine, tacrolimus (Protopic®, Prograf®) and pimecrolimus.
Indications are psoriasis, atopic dermatitis, rheumatism and allergies, to name a
few. ' ‘

US patent application No. 2003/0045679 A1 to Crawford describes compositions
which are useful for inhibiting and potentiating th.e activity of cellular calcineurin.
These compositions include peptides, peptide analogs and whole proteins. They
can be used to treat calcineurin related pathologies such as cardiac, brain, im-
mune system and developmehtal abnormalities.

All known calcineurin inhibitors show strong side effects like high blood pressure,
renal disorders and viral and bacterial infections. The later two are due to their

general immunosuppressive properties. Thus there is a still existing need for a

pharmaceutical composition for the treatment of calcineurin related disorders, like
myocardial disorders, psoriasis, rheumatism, immune reactions and suppression,
e.g. graft versus host reaction and transplant rejection; allergies, asthma, in par-
ticular cardiac asthma, bronchial asthma and allergic asthma.
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The solution to this problem is achieved by providing the embodiments character-
ized by the claims, and described further below.

Summary of the invention

The present invention is directed to a method for diagnosing susceptibility for a
myocardial and/or immunological disorder comprising the steps of (a) providing a
test sample comprising at least one cell; (b) contacting the cell with a peptide of
SEQ ID NO: 1 or 2; (c) determining an interaction bétween the peptide of SEQ ID
NO: 1 or 2 and cellular calcineurin; wherein a primarily nuclear localization of a
complex comprising calcineurin and the peptide of SEQ ID NO: 1 or 2 indicates
susceptibility for a myocardial and/or immunological disorder.

Further, the present invention is directed to a kit comprising the peptide of SEQ ID
NO: 1 or 2 for diagnosing a myocardial and/or immunological disorder.

The present invention also concerns a therapeutic agént comprising the peptide of
SEQ ID NO: 1 or 2, a nucleic acid which encodes the peptide of SEQ ID NO: 1 or
2 or a peptide of at least 90 % identity of the peptide of SEQ ID NO: 1 or 2. The
peptide inhibits substantially the translocation, transport or shuffling of calcineurin
and its derivates from the cytoplasm to the nucleus of a cell.

Moreover, the present invention is also directed to the use of the peptide of SEQ
ID NO: 1 or 2 for manufacturing a therapeutic agent for prophylactic and/or thera-
peutic treatment of a myocardial and/or immunological disorder.

Brief description of the drawings
Figure 1 shows the identification of a nuclear localization signal (NLS) in cal- .
cineurin (CnA). A schematic drawing of green fluorescent protein (GFP)- and
FLAG-tagged CnA deletion mutants is given. The subcellular localization is indi-
cated (c = primarily cytoplasmatic; n = primarily nucléar). NLS = nuélear localiza-



10

15

, 20

25

30

U30008

4-

tion signal; NES = nuclear export sequence; CnB = calcineurin B binding domain;
CaM = calmodulin binding domain; AID = auto-inhibitory domain; numbers corre-

~ spond to CnAR amino acid sequence; EGFP and FLAG indicate tags.

Figure 2 shows interactions of calcineurin (CnA) with importin 1. Various deletion
mutants were transfected into HelLa cells. Imnmunoprecipitation of GFP-tagged full
length CnA and GFP-NLS fusion protein was performed with a GFP-antibody; vthe
FLAG-tagged CnA 2-173 and CnA 3-143 mutants were precipitated with a FLAG-
antibody. Immunodetection was perfofmed with an importin 81 antibody. Full
length calcineurin interacted with importin B1 as demonstrated by co-
immunoprecipitation whereas the truncated CnA-mutants, lacking the NLS, did not

co-immunoprecipitate with importin..

Figure 3 shows the results of Hela cells, which were transfecfed with the indi-
cated GFP-tagged 'CnA mutants. Immunoprecipitation of the CnA/importin com-

- plexes was performed with importin 81 antibodies, detection with a GFP antibody.

Addition of the NLS peptide (SEQ ID NO':2) abrogated calcineurin interaction with
importin B1. .

Figure 4 shows nuclear export signals (NES) in caicineurin (CnA). CnA lacking
the NES (A420-434) was resistant to proteolysis by calpain. GFP-tagged full
length CnA and CnA (A420-434) were transfected into Hela cells. Wholé cell lys-
ates were incubated with calpain | for 30 min and the lysates run on a 5 % gel.

Western blot analysis for GFP revealed proteolysis of full length CnA.

Figure 5 shows functional consequences of inhibition of calcineurin (CnA) nuclear
import. Neonatal rat cardiomyocytes were incubated with a peptide mimicking the
NLS sequence of CnA (SEQ ID NO:2) and stimulated with Ang Il (100 pM). The

- peptide saturated CnA/importin 1 bindihg capacity. Nuclear import of CnA was

therefore prevented. Control experiments were performed with a non-sense pep-
tide SEQ ID NO: 3).
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Figure 5A top shows that phosphatase acﬁvity of CnA was not influenced by the
synthetic NLS peptide (SEQ ID NO: 2) as measured using a specific phosphor
substrate of CnA.

Figure 5A bottom shows that transcriptional activity of the calcineurin/NF-ATc

_complex was suppressed by the inhibitory NLS peptide (SEQ ID NO: 2). Tran-

scriptional activity was assessed with a NF-ATc luciferase reporter plasmid.

Figure 5B shows»that the development of myocardial hypertrophy was also sup-
pressed by the inhibitory NLS peptide (SEQ ID NO: 2) as demonstrated by protein
synthesis (Figure 5B top) and cell size (magnification 600 x) (Figure 5B bottom).

Figure 5C shows that B-type natriuretic peptide (BNP), a molecular marker of hy-
pertrophy, is suppressed by the use of the inhibitory NLS peptide (SEQ ID NO: 2).

Figure 5D shows the dose dependent decrease of NF-ATc transcriptional activity
when treated with the NLS peptide of SEQ ID NO: 2. At higher concentrations (>1
UM, indicated by asterisk) a toxic effect is possible since values are below back-
ground levels of untreated cardiomyocytes (ctr = control).

Detailed description of the invention

The inventor has surprisingly found that a peptide which mimics the nuclear local-
ization signal of calcineurin (SEQ ID NO: 2) successfully prevents the transloca-
tion of calcineurin from the cellular cytoplasm to the nucleus. Without intending to
be bound by any theory, it is believed that the NLS peptide (SEQ ID NO: 2) binds
to importin, thereby preventing complex formation between calcineurin and im-
portin. However, complex formation between calcineurin and impof‘tin is necessary
for transporting calcineurin to the nucleus, where calcineurin together with NF-ATc
then act as activated transcription factor due to the constant presence of cal-
cineurin. The NLS peptide (SEQ ID NO: 2) efficiently inhibits complex formation
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and thereby blocks entry of calcineurin into the nucleus. It is further belieVéd that
that the auto-inhibitory doméin (AID) not only blocks the catalytical activity of cal-
cineurin but also masks the nuclear localization signal. Removal of the AID via a
conformational change in calcineurin following Ca?* activation or by proteolysis of
the auto-inhibitory domain leads to exposure of the nuclear localization signal and

resultant nuclear translocation of calcineurin.

Myocardial disorders and immunological disorder are associated with altered tran-
scription patterns of NF-ATc downstream targets. Therefore, the NLS peptide may
be used as a diagnostic tool for assessing the susceptibility for a myocardial

and/or immunological disorder.

In a first aspect, the present invention is directed to a method for di'agnosing sus-

ceptibility for a myocardial and/or immunolbgical disorder comprising th_e steps of:

a) providing a test sample comprising at least one cell; '

b) contacting the cell with a peptide of SEQ ID NO: 1 or 2,

c) determining an interaction between the peptide of SEQ ID NO: 1 or 2 and
cellular calcineurin; '

wherein a primarily nuclear localization of a complex comprising calcineurin and

the peptide of SEQ ID NO: 1 or 2 indicates susceptibility for a myocardial and/or

immunological disorder.

As used herein the term susceptibility means predisposifion or likelihood for the
development of a myocardial and/or immunological disorder. The term disorder
means a dysfunction, a malfunction, a disease or a medical condition. The term
peptide includes linear peptides. cyclic peptides and peptide analogs, derivates
and salts thereof. Any modification can be employed as long as the peptide re-
tains its ability to prevent entry of calcineurin into the nucleus of a cell. The pep-
tides of the present invention can be incorporated in a structure comprising more -
amino acids, and the peptides comprise preferably about 60 amino acids, more
preferred about 30 to 40 amino acids, most preferred about 20 to 30 amino acids.
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The test sample can be derived from an animal, in particular a mammal, prefera-
bly from a human, more preferably from a patient who is suspected to be suscep-
tible of a myocardial and/or immunological disorder.

Likewise, SEQ ID NO:1 or 2 can be used for a method for diagnosing further cal-
cineurin related disorders, like myocardial disorders, immunological disorders,
psoriasis, rheumatism, immune reactions and suppression, e.g. graft versus host
reaction and transblant rejection; allergies, asthma, in particular cardiac asthma,

bronchial asthma and allergic asthma.

In a preferred embodiment the peptide of SEQ ID NO: 1 or 2 is chemically, bio-
logically and/or physically labeled. Examples for labeling peptides are dyes, like
streptavidin-biotin labeling, fluorescent labeling, labeling by antibodies and radio-
active labeling. |

In & further preferred embodiment the myocardial disorder is selected from the
group consisting of hypertrophic cardiomyopathy, in particular hypertrophic ob-
structive cardiomyophathy, hypertensive cardiomyopathy, ischemic cardiomyopa-
thy, dilated cardiomyopathy, aortic stenosis and heart attack. The immunological
disorder is selected from the group consisting of transplant rejection and immune
suppression.

In a second aspect the invention provides a kit comprising the peptide of SEQ ID
NO: 1 or 2 for diagnosing susceptibility for a myocardial and/or immunological dis-
order. Likewise, SEQ ID NO:1 or 2 can be used for a kit for diagnosing further cal-
cineurin related disorders, like myocardial disorders, immunological disorders,
psoriasis, rheumatism, immune reactions and suppression, e.g. graft versus host
reaction and transplant rejection; allergies, asthma, in particular cardiac- asthma,

bronchial asthma and allergic asthma.



10

15

20

25

30

u30008

-8-

In another aspect the present invention concerns a therapeutic agent comprising
the peptide of SEQ ID NO: 1 or 2 and a therapeutic agent comprising a nucleic
acid which encodes the peptide of SEQ ID NO: 1 or 2.

The term nucleic acid, as used herein, includes DNA molecules, like cDNA and
genomic DNA, RNA molecules, like mRNA, analogs of DNA and RNA which are
generated by nucleotide analogs and derivates, fragments and homologs thereof.
The nucleic acid can be single stranded or double stranded, however double
stranded DNA molecules are preferred.

in another aspect, the present invention covers a therapeutic agent comprising a -
peptide of at least 90 %, preferably at least 95 %, more preferred at least 98 %,
still more preferred 100 % identity of the peptide of SEQ ID.NO: 1 c;r 2; wherein
the peptide substantially inhibits the translocation of calcineurin from the cyto-
plasm to the nucleus of a cell. Conserved amino acid substitutions are covered by
the present disclosure. The peptide of SEQ ID NO: 2 comprises -three lysine
amino acids (K) at positions 1, 5§ and 7. When all lysine residues (K) are substi-
tuted by alanine (A) the peptides does no longer inhibit entry of calcineurin to the
nucleus. However individual lysine residues may be substituted as long as the
peptide prevents it ability to block the translocation of calcineurin from the cyto-
plasm to the nucleus of a cell.

In a preferred embodiment the therapeutic agent further comprises a pharmaceu-
tically acceptable carrier, like fillers and excipients. Various application forms of
the peptides are possible. Cremes and ointments can be applied topically. In stent
technology, the peptide can be used to cover a stent, which is then implanted to a
patient in need thereof. Coronary stents are particularly preferred. Also intravascu-
lar pumps, in particular mini pumps can be used for delivery of the peptide to a
patient.
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In another aspect, the present invention covers the use of the peptide of SEQ ID
NO: 1 or 2 for manufacturing a therapeutic agent for prophylactic and/or therapeu-
tic treatment of a myocardial and/or immunological disorder.

In a preferred embodiment the myocardial disorder is selected from the group
consisting of hypertrophic cardiomyopathy, in particular hypertrophic obstructive
cardiomyophathy, hypertensive cardiomyopathy, ischemic cardiomyopathy, dilated
cardiomyopathy, aortic stenosis and heart attack. The immunological disorder is
selected from the group consisting of a transplant rejection and immune suppres-

sion.

In yet another aspect the present invention is directed to the use of the peptide of
SEQ ID NO: 1 or 2 for manufacturing a therapeutic agent for prophylactic and/or
therapeutic treatment of calcineurin related disorders, like myocardial disorders,
immunological disorders, psoriasis, rheumatism, immune reactions and suppfes-
sion, e.g. graft versus host reaction and transplant rejection; allergies, asthma, in
particular cardiac asthma, bronchial asthma and allergic asthma.

A more complete understanding of the present invention can be obtained by ref-
erence to the following examples, which are provided for the purpose of illustration
only and are not intended to limit the scope of the invention.

Examples
A) Material and Methods
The following materials and methods were employed:

Cell culture

Neonatal rat cardiomyocytes of Wistar rats were isolated as described pre-
viously (Ritter et al., 2003). Cells were resuspended in minimum essential
medium/1 % FCS. After preplating, the cardiomyocyte containing super-
natant was recovered, and cells were plated in minimum essential medium
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on 6-well plates at a density of 1x10° cells per well. The medi'um for car-
diomyocytes contained 5-bromo-2'-deoxyuridine (0.1 mmol/lL) to'sinpress'
ﬁbroblast growth.‘Fibrobiast contamination of cardiomyocyte cultures was
between 4 % and 7 % as regularly determined by immunohistochemical
staining for troponin T. HelLa cells were grown in DMEM/5 % FCS (Sigma). '
48 hours after preparation, cells were stimulated with 10 nmol/L angiotensin
Il (Ang Il). Cells were harvested 24 hours after stimulation. Concentrations
were as follows: Ang Il: 10 uM, calpeptin: 10 pM, NLS peptide and control
peptide: 1 uM, respectively.

Calcineurin (CnA) activity

NF-ATc reporter plasmid comprised the |I-2 promoter followed by luciferase.
Luciferase activity was determined according to the manufacturer’'s protocol
(Promega). CnA phosphatase activity was determined using a commercial
kit (CnA kit assay, Biomol) that measures effect on a specific ChA phos-
phosubstrate. Free PO, was indicated by a malachite green dye. The use of
this kit has been described previously (Ritter et al., 2002).

Plasmids

Epitope-tagged derivatives of calcineurin AB containing amino-terminal
EGFP were generated using the mammalian expression vector pEGFP-C3
(BD Bioscience Clontech). For cloning of calcineurin mutants the mammal-
ian expression vector pCMV-Sport6 containing the directionally cloned
cDNA of human calcineurin AR was used (Invitrogen). The following mu-
tants have been amplified by PCR, digested with Xbal and Xhol and cloned
into the Xbal and Xhol sites of the described plasmid: CnAB(full), CnAB 1-
415, CnAB 1-425, CnAB 1-445, CnAB 1-465, CnAB 1-485 and CnAB 171-
190. For these truncated mutanfs different reverse oligonucleotides were
designed with subsequent N-terminal binding sites. The forward primer,
binding at the N-terminus of calcineurin, was identical for each plasmid

apart from the CnA(171-190) mutant. For this derivative primers are bound

A}
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upstream of aa 171 and downstream of aa 190, respectively. Two internal
mutants CnAB(A420-434) .and CnAB(A420-445) were cloned into the Xbal
and Xhol sites of pEGFP-C3 using a two step strategy. For deleting the
short areas from aa 420 to 434 and from aa 420 to 445 two fragments have
been amplified. After ligation of these two fragments the resulting whole
fragment was cloned into the Xbal and Xhol sites of pEGFP-C3. FLAG-
tagged calcineurin derivatives were kindly provided by the group of Ludwig
Neyses (Divison of Cardiology, The University of Manchester).

Immunofluorescence and immunoprecipitation

~ The subcellular distribution of calcineurin was determined by immunofluo-

rescence stainings. The primary antibodies used in fluorescence staining
are described elsewhere (Burkhard et al.,, 2005). Secondary antibodies
were Cy-3—labeled sheep anti-rabbit IgG or Cy2-conjugated mouse anti-
goat IgG (Jackson Laboratories). |

| Results

The inventor's group demonstrated that posttranslational modification, spe-
cifically proteolysis of the auto-inhibitory domain (AID) of calcineurin leads
to its activation and strong nuclear translocation (Burkhard et al., 2005).

The calpain mediated cleavage of the c-terminal AID and the causative link

to myocardial hypertrophy was demonstrated in human myocardial tissue.

In this invention the inventor demonstrates the prominenf nuclear transloca-
tion of CnA in different animal models of diseased myocardium. In wild-type
mice a predominantly cytosolic distribution of CnA was observed, whereas

.in mice that underwent aortic banding or myocardial infarction a strong nu-

clear localization of CnA in the hypertrophied myocardium was observed.

This is consistent with observations of nuclear import of calcineurin in cell
culture models (Burkhard et al., 2005; Frey et al., 2000; Zou et al., 2001;
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Zhu et al., 1999). However, the role of calcineurin within the nucleus was
not been investigated before and the precise mechanism leading to nuclear
import and export remains unclear. ‘

Reversible nuclear localization of calcineurin after angiotensin stimu-
lation

To assess wheiher CnA import into the nucleus is a chronic phenomenon
or an acute response the inventor investigated the time course of CnA shut-
ting. A GFP tagged calcineurin plasmid encoding full length CnAR was
transfected into neonatal rat cardiomyocytes. Cells were stimulated with
Ang Il at 10 yM. Confocal microscopy revealed onset of nuclear transloca-
tion of calcineurin after 2h. After 4h of Ang Il stimulation CnA was predomi-
nantly nuclear. After 6h maximum of intensity of the GFP-calcineurin signal
was in the nucleus. Similarly, 2h after removal of Ang Il from the medium
there was a homogenous distribution of CnA in the cytosol and the nucleus
and after 4h there was perinuclear localization of CnA. 6h after removal of
the stimulus calcineurin localised completely in the cytosol again. To pre-
vent CnA from calpain mediated proteolysis, which would cause constitutive

activation of CnA and therefore persistent nuclear translocation, all experi-

‘ments where performed in the presence of a membrane permeable calpain.

inhibitor (Burkhard et al., 2005). Calcineurin.is very sensitive to pathological
stimuli in cardiomyocytes and is able to induce a response within a few

“hours after the initial stimulation.

Construction of NLS peptide mutants

The transport of proteins intb the nucleus relies on nuclear localization sig-
nal/sequences (NLS) which are bound by importins; the complex of cargo
protein and importin is then transported into the nucleus. To define the re-
gions of calcineurin that are required for nuclear import different GFP- or
FLAG-tagged calcineurin deletion mutants (F"igure 1) were screened to as-
sess those that entered the nucleus and those that remained cytosolic. In
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general, deletion of the auto-inhibitory domain led to nuclear translocation
and deletion of the region starting amino acid 173 (within the putative NLS)
prevented calcineurin from entering the nucleus. The mutants 2-173 and 3-
143 may have reduced catalytic phosphatase activity as the catalytic sub-
unit of CnA extends to amino acid 333. Therefore failure to translocate may
in theory be a result of decreased phosphatase activity. Previous work
however has demonstrated that catélytically inactive CnA mutants are also
translocated into the nucleus (Shibasaki et al., 1996). Sequence compari-
sons with known NLS of other proteins enabled further delineation of the
putative NLS 'region to the sequence 171-190. Fusion of this 171-190 frag-

' menf to the GFP backbone resulted in translocation of the GFP/NLS fusion

protein into the nucleus, whereas the pure GFP backbone remained cytoso-

- lic. Whilst full length CnA resides in the cytosol, it was translocated into the

nucleus after Ang Il stimulation due to removal of the auto-inhibitory domain
from the catalytic subunit and probably from the putative NLS. In contrast,
deletion mutants 2-173 and 3-143 which both lacked the putative NLS re-
mained exclusively cytosolic despite Ang |l stimulation.

Interaction between calcineurin mutants and importin

Importin 81 has been shown to bind the NLS of different cargo proteins
(Pemberton et al., 2005). Interactions between CnA mutants and importin
B1 were assessed to determine whether the functionally defined NLS
physically interacts with importin R1. As demonstrated by co-

- immunoprecipitation experiments importin 81 displayed good affinity for full

length calcineurin and also the deletion mutant CnA 1-415. Specifically, the
interaction domain was mapped to the region 171-190 as evidenced by the
ability of a fusion protein consisting of GFP and the 171-180 fragment to
co-precipitate importin 1. However, both deletion mutants 1-173 and 1-143
completely abolished the interaction between importin 81 and CnA. These
data indicate that the NLS identified by functional analyses also mediate in-
teractions between importin B1 and calcineurin (Figure 2).
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Peptide competition assay _
To demonstrate further that the identified NLS in CnA is essential for the
nuclear import of calcineurin, a peptide competition assay to prevent im-
portin 81/CnA binding was used. A peptide with the putative NLS sequence
of calcineurin (AAVALLPAVLLALLAKQECKIKYSERYV - SEQ ID NO: 1) was
synthesised and added to the medium (the first 15 letters give N-terminal
extension to increase membrane permeability, NLS sequencé is under-
lined). However, the peptide facilitating membrane permeability is not criti-
cal, and an alternative membrane anker, harbouring two alanine residues
instead of leucine residues at positions 11 and 14, respectively, can also be
used (AAVALLPAVLAALAA - SEQ ID NO: 4). In control experiments a non
sense peptide (AAVALLPAVLLALLAAQECAIAYSEYV — SEQ ID NO: 3)
was used. Addition of the synthetic NLS peptide saturated the binding do-

main of importin B1 for CnA and therefore prevented CnA binding to im-
portin R1. Inhibition of this interaction suppressed calcineurin nuclear im-
port. The non-inhibitdry control peptide did not interfere with the cal- -
cineurin/importin binding; accordingly, nuclear translocation of CnA was not
inhibited. Also the NLS peptide abrogated the interaction of calcineurin and
importin 31 as demonstrated in co-immunoprecipitation assays (Figure 3).

Nuclear export control sequences

To identify sequences in CnA that control nuclear export serial carboxy-
terrﬁinal truncation mutants with an N-terminal GFP tag of CnA were
generated and examined by confocal fluorescence microscopy.
Experiments were performed in the presence of a calpain inhibitor to
prevent calpain induced cleavage of the auto-inhibitory domain (AlD) and to
ensure functional integrity of calcineurin. Cells were stimulated with Ang |l

for 12 h to achieve nuclear entry of CnA, subsequently the stimulus was

removed to promote nuclear export. Full-length CnA (amino acids 1-524)
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was re-localized exclusively to the cytosol of transfected cardiomyocytes
after removal of the stimulus. An extended deletion variant (1-415) was not
able to leave the nucleus any more.

These results demonstrated that sequences in the region c-terminal to
amino acid 415 regulate nuclear export. Consistent with these findings and
sequence comparisons with known NES sites, a CnA mutant lacking amino
acids 420-434 remained exclusively nuclear after removal of the stimuli.
Inhibition of calpain did ﬁot influence this result as thé calpain cleaveage

site (at 424) was deleted in this mutation variant.

‘As different cleavage sites in the calcineurin sequence (Wu et al., 2004)

have been described for calpain, the inventor assessed whether the NES
sequence (423-434) really contains the calpain cleavage site. Therefore,
the GFP-tagged calcineurin mutant lacking the NES domain was used for
further experiments. The plasmid was transfected into HelLa cells and
lysates of these cells éxpressing this deletion variant were incubated with
calpain |. Western Blot analysis was used to demonstrate that full length
CnA is proteolysed by calpain whereas CnAA423-434 is resistant to calpain
mediated proteolysis (Figure 4).

Mechanism of nuclear export of calcineurin

A number of proteins that shuttle across the nuclear membrane have been
identified using CRM1 as the export shuttle. Some are transcription factors
like NF-ATc that confer pro-hypertrophic actions. Others act within counter-
regulatory pathways that repress cardiac hypertrophic growth such as the
transcriptional repressor HDACS5 (McKinsey et al.,, 2000). To address
whether CnA nuclear export is mediated by CRM1, experiments using the
CRM1 specific inhibitor, leptomycin B (LMB), were performed. Agonist-
dependent nuclear import of full length CnA was achieved by Ang |l stimula-
tion. Calpeptin was added to prevent proteolysis of CnA. The addition of
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LMB to prevent CRM 1 mediated export indeed suppressed nuclear export
of CnA. Together, these findings demonstrate that LMB confines CnA to the
nucleus in the cardiomyocyte by blocking its nuclear export. This supports
the hypothesis that nucleo-cytoplasmic shuttling of CnA is coupled to a NES
between amino acids 423-434 and is mediated by CRM1.

Nuclear accumulation of calcineurin

In vivo studies of pathological myocardial hypertrophy showed that prote-
olysis of the calcineurin auto-inhibitory domain at amino acid 424 results in
a constitutively active calcineurin mutant lacking both the AID (aa 468-490)
and the NES (423-434). To determine whether loss of the AID or disruption
of the NES is responsible for strong nuclear accumulation of CnA the nu-
clear import and export qualities of a GFP tagged CnA mutant with -a dele-
tion of the NES was investigated. Cells were transfected with CnAA423-

434, In this case calcineurin resided in the cytosol. Stimulation of the trans-
~ fected cells with Ang:II resulted in subsequent translocation of CnA into the

nucleus. Based on these results the inventor concluded that the AID not
only blocks the catalytical activity of CnA but also masks the NLS. Removal
of the AID via a conformational change in calcineurin following Ca*™ activa-
tion or by proteolysis of the auto-inhibitory domain leads to exposure of the
NLS and resultant nuclear translocation of CnA.

Subsequent removal of the stimulating Ang |l agent from the medium re-
sulted in the CnAA423-434 mutant remaining nuclear, as the lack of the
NES made it impossible for CRM1 to interact with CnA and to transport it
back to the cytosol. The loss of the C-terminal part of CnA would therefore
appear to regulate nuclear shuttling of CnA at the level of both nuclear im-
port and export. Deprivation of the AID promotes import via importin 31,

‘and loss of the NES hinders nuclear export via CRM1 mediated mecha-

nisms.
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A peptide corresponding to the calcineurin NLS inhibited CnA nuclear im-
port and maintained the overall structure of CnA. The suppression of cal-
cineurin transport.into the nucleus is important for the NF-ATc transactiva-
tional status; this peptide is therefore useful as a tool to suppress myocar-

dial hypertrophy.

Markers for myocardial hypertrophy

Phosphatase activity, transcriptional activity, protein synthesis, cell size and
makers of myocardial hypertrophy in response to the peptide related inhibi-
tion of CnA nuclear import were examined. Phosphatase activity was as-
sessed employing a specific substrate (RIl) for can (Ritter et al., 2002).
Cardiomyocytes were stimulated with Ang Il (10 pM), and CnA phos-
phatase activity was measured in the presence of the NLS peptide or a non
sense control peptide. Total CnA phosphatase activity was not affected by
inhibition of the access of importin 81 to the CnA NLS'(289117 % vs.
27311 %, n = 8, p'= not significant). In contrast, transcriptional activity of
the CnA/NF-ATc signalling pathway was decreased significantly by the NLS
peptide (463111 % vs. 12318 %, n=8, p<0.05) (Figure 5A top). Similarly,
myocardial hypertrophy, as evidenced by protein synthesis (707+21 % vs.
133+12 %, n=8, p<0.05), cell size (11911:91 um? vs. 728165 pm?, n=8,
p<0.05) (Figure 5B), and expression of brain natriuretic peptide (BNP)
(163211 % vs. 8818 %, n=8, p<0.05) (Figure 5C), were suppressed by the
NLS peptide. Transcriptional activity of a NF-ATc luciferase reporter plas-
mid was decreased when nuclear import of CnA was blocked by the NLS
peptide in a dose dependent manner (Figure 5D).

These data indicated that despite full CnA phosphatase activity, CnA was
unable to form effective transcriptional complexes. Activated calcinéurin in
itself does not appear to be sufficient to induce hypertrophy. Full t'ranscrip-
tional activity of CnA/NF-ATc is only possible in the presence of nuclear
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calcineurin. It is thus clear that calcineurin nuclear translocation is a pre-
requisite to the formation of effective NF-ATc transcriptional complexes.

Cdnclusion

The inventor's data show that CRM1 not only exports NF-ATc, but also cal-
cineurin across the nuclear envelope. To interrupt transcriptional activity of
the calcineurin/NF-ATc signalling éascade CRM1 is first required to export
calcineurin, so that in a second round CRM1 can access the NES of NF-
ATc and subsequently proceed with its nuclear export. This mechanism is
prevented in myocardial hypertrophy by the proteolysis of calcineurin by
calpain at amino acid 424, resulting in loss of the auto-inhibitory domain in-
cluding the NES. In this scenario calcineurin remains nuclear because it is

inaccess»ible to the export protein CRM1.

As import always precedes export, the inhibition of CnA nuéle,ar import by
peptide competition for the binding of the nuclear import protein imbortin R’1
presents a more sophisticated approach to abolishing the deleterious ef-
fects of exaggerated NF-ATc transcriptional activity. Therefore the NLS
peptide is useful as a new therapeutic agent for pathologic myocardial hy-
pertrophy.
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Claims

A method for diagnosing susceptibility for a myocardial and/or immunologi-
cal disorder comprising the steps of: ‘

~a) providing a test sample comprising at least one cell;

b) contacting the cell with a peptide of SEQ ID NO: 1 or 2;

c) determining an interaction between the peptide of SEQ ID NO: 1 or 2
and cellular calcineurin; |

wherein a primarily nuclear localization of a complex comprising caléineurin

and the peptide of SEQ ID NO: 1 or 2 indicates susceptibility for a myocar-

dial and/or immunological disorder.

The method of claim 1, wherein the peptide of SEQ ID NO:1 or 2 is chemi-
cally, biologically and/or physically labeled. o

The method of claim 1 or 2, wherein the myocardial disorder is selected
from the group consisting of hypertrophic cardiomyopathy, in particular hy-
pertrophic obstructive cardiomyophathy, hypertensive cardiomyopathy,
ischemic cardiomyopathy, dilated cardiomyopathy, aortic stenosis and heart
attack; and the immunological disorder is sélected‘from the group consist-

ing of transplant rejection and immune suppression.

A kit comprising the peptide of SEQ ID NO: 1 or 2 for diagnosing suscepti-
bility for a myocardial and/or immunological disorder.

A therapeutic agent comprising the peptide of SEQ ID NO: 1 or 2.

A therapeutic agent comprising a nucleic acid which encodes the peptide of
SEQID NO: 1 or 2.
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A therapeutic agent comprising é peptide of at least 90 %, preferably at

least 95 %, more preferred at least 98 %, still more preferred 100 % identity
of the peptide of SEQ ID NO: 1 or 2; wherein the peptide substantially inhib-
its the translocation of calcineurin from the cytoplasm to the nucleus of a

cell.

The therapeutic agent of any of the claims 5 to 7, further comprising a
pharmaceutically acceptable carrier.

Use of the peptide of SEQ ID NO: 1 or 2 for manufacturing a therapeutic
agent for prophylactic and/or therapeutic treatment of a myocardial and/or

immunological disorder.

The use of claim 9, wherein the myocardial disorder is selected from the
group consisting of hypertrophic cardiomyopathy, in particular hypertrophic
obstructive cardiomyophathy, hypertensive cardiomyopathy, ischemic car-
diomyopathy, dilated cardiomyopathy, aortic stenosis and heart attack; and
the immunological disorder is selected from the group consisting of trans-
plant rejection and immune suppression.
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Abstract

The present invention relates to a method for diagnosing susceptibility for a myo-
cardial and/or immunological disorder disorder, a kit and a therapeutic agent com- |
prising a peptide of SEQ ID NO: 1 or 2 and uses thereof.

Figure 1
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<110> Julius-Maximilians-Universitat Wirzburg
<120> Peptide for Inhibition of Calcineurin
<130> 030008 )

- <160> 4

<170> PatentIn version 3.3

<210> 1
<211> 27
<212> PRT

<213> Artificial

<220>
<223> nuclear localisation signal and membrane anker

<400> 1
Ala Ala Val Ala Leu Leu Pro Ala Val Leu Leu Ala Leu Leu Ala Lys
1 5 10 15

Gln Glu Cys Lys Ile Lys Tyr Ser Glu Arg Val

20 25
<210> 2
<211> 12
<212> PRT

<213> Artificial

<220>
<223> nuclear localisation signal

<400> 2

Lys Gln Glu Cys Lys Ile Lys Tyr Ser Glu Arg Val
1 5 10

<210> 3

<211> 27

<212> PRT
<213> Artificial

<220>
<223> control peptide and membrane anker

<400> 3
Ala Ala Val Ala Leu Leu Pro Ala Val Leu Leu Ala Leu Leu Ala Ala
1 5 10 15

Gln Glu Cys Ala Ile Ala Tyr Ser Glu Tyr Val
20 25



<210> 4

<211> 15

<212> PRT

<213> Artificial

<220> .
<223> alternative membrane anker

<400> 4

Ala Ala Val Ala Leu Leu Pro Ala Val Leu Ala Ala Leu Ala Ala
1 5 ‘ 10 15
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8)] Claim(s) _____ are subject to restriction and/or election requirement.
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9)[X] The specification is objected to by the Examiner.
10)X] The drawing(s) filed on 25 July 2008 is/are: a)[X] 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).
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DETAILED ACTION
Election/Restrictions
Applicant’s election without traverse of Species SEQ ID NO: 1 in the reply filed

on 31 March 2010 is acknowledged.

Status of Application, Amendments, And/Or Claims
The preliminary amendment of 25 July 2008 has been entered in full. Claims 1-

12 are under examination.

Priority

Acknowledgment is made of applicant's claim for foreign priority based on an
application filed in EPO 0609014.9 on 27 January 2006. It is noted, however, that
applicant has not filed a certified copy of the foreign application as required by 35
U.S.C. 119(b). Accordingly, benefit of the foreign priority filing date is denied at this

time.

Specification
The disclosure is objected to because of the following informalities: The title of
the invention is not descriptive. A new title is required that is clearly indicative of the

invention to which the claims are directed.
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The following title is suggested: PEPTIDE FOR INHIBITION OF CALCINEURIN,
NUCLEIC ACID, ANTIBODY, AND DIAGNOSTIC AND THERAPEUTIC METHODS OF
USE.

Appropriate correction is required.

The listing of references in the specification is not a proper information disclosure
statement. 37 CFR 1.98(b) requires a list of all patents, publications, or other
information submitted for consideration by the Office, and MPEP § 609.04(a) states,
"the list may not be incorporated into the specification but must be submitted in a
separate paper." Therefore, unless the references have been cited by the examiner on

form PTO-892, they have not been considered.

Claim Objections
Claim 8 is objected to because of the following informalities: The word “he” in the
second to last line of the claim would appear to be a typographical error wherein “the”

was intended. Appropriate correction is required.

35 U.S.C. § 112, Second Paragraph

The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims patrticularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.
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Claims 1-12 are rejected under 35 U.S.C. 112, second paragraph, as being
indefinite for failing to particularly point out and distinctly claim the subject matter which
applicant regards as the invention.

Claims 1, 2, 5-8, 10, and 11 recite several sequences, but not in the alternative.
Therefore, it is not clear if the recited peptide is required to have one, multiple, or all of
the recited sequences. Claims 3, 4, 9, and 12 are included in this rejection since they

depend from specifically mentioned claims and fail to remedy the issue.

Claims 3, 8, and 12 are further rejected under 35 U.S.C. 112, second paragraph,
as being indefinite for failing to particularly point out and distinctly claim the subject
matter which applicant regards as the invention.

Regarding claims 3 and 12, the phrase "in particular” renders the claims
indefinite because it is unclear whether the limitations following the phrase are part of
the claimed invention. See MPEP § 2173.05(d).

Regarding claim 8, the phrases "preferably at least", “more preferred”, and “still
more preferred” renders the claim indefinite because it is unclear whether the limitations

following the phrases are part of the claimed invention. See MPEP § 2173.05(d).

Claim 11 is further rejected under 35 U.S.C. 112, second paragraph, as being
indefinite for failing to particularly point out and distinctly claim the subject matter which

applicant regards as the invention.



Application/Control Number: 12/162,135 Page 5
Art Unit: 1646

The preamble of claim 11 is directed to a method of diagnosis. However, the last
method step is directed to a method of manufacturing a therapeutic agent. None of the
method steps relate to a method of diagnosis. Therefore, it is unclear to what sort of

method the claim is directed.

35 U.S.C. § 112, First Paragraph

The following is a quotation of the first paragraph of 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and process of
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall

set forth the best mode contemplated by the inventor of carrying out his invention.

Claims 1-4, 11, and 12 are rejected under 35 U.S.C. 112, first paragraph, as
failing to comply with the enablement requirement. The claim(s) contains subject matter
which was not described in the specification in such a way as to enable one skilled in
the art to which it pertains, or with which it is most nearly connected, to make and/or use
the invention.

The claims are directed to a method of diagnosing susceptibility for a myocardial
and/or immunological disorder comprising contacting a cellular test sample with a
peptide of SEQ ID NO: 1, 2, 5-10, and testing for complex formation, wherein a primarily
nuclear localization of the complex is indicative of susceptibility for a myocardial and/or
immunological disorder. The specification discloses the peptides of SEQ ID NOS: 1, 2,
and 5-10, which are based on the nuclear localization signal (NLS) of calcineurin. The

peptides of SEQ ID NOS: 1 and 2 were demonstrated to block nuclear import of
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calcineurin. The peptides of SEQ ID NOS: 1 and 2 were also demonstrated to reduce
myocardial hypertrophy and inhibit protein synthesis in stimulated T-cells.

However, the NLS peptides of SEQ ID NOS: 1, 2, and 5-10 were not shown to
bind calcineurin as required by the claims. Instead, the specification postulates that the
NLS binds the protein “importin” thus competing with calcineurin for binding to importin.
Indeed, since the structures of the NLS peptides are based on fragments of calcineurin,
it makes sense that the NLS peptides bind other proteins that full-length calcineurin also
binds. However, there is no reason to believe, nor has any evidence been provided,
that the NLS peptides bind calcineurin as required by the claims.

Furthermore, while a link has been established between nuclear localization of
calcineurin and myocardial hypertrophy in the specification and the prior art (e.g.,
Burkard et al., 2005, Circulation 111:1045-1053), such is not representative of the
scope of any myocardial disorder as recited in the claims. First, it is important to
appreciate the scope of the term "myocardial disorder." Such encompasses structural
disorders such as heart murmurs and wall defects, as well as diverse functional
disorders such as ischemia, infarction, arrhythmia, etc. The existence of a single
diagnostic marker for all such diverse conditions defies sound scientific reasoning.

Furthermore, while NLS peptides were shown to inhibit protein synthesis in
stimulated T-cells, such is not indicative of a diagnostic role of NLS peptides in all
immunological disorders. “Immunological disorders® is also a term that encompasses
an enormous number of medical conditions, some of which have opposite symptoms.

For example, immunosuppressed patients such as those with AIDS have insufficiently
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active immune systems, whereas autoimmune patients such as those with rheumatoid
arthritis have overactive immune systems. Again it defies scientific reasoning that one
marker would be diagnostic of all such disorders.

Due to the large quantity of experimentation necessary to determine how to
make a complex between calcineurin and a peptide that does not bind calcineurin and
then use that interaction to diagnose a wide array of diseases, the lack of
direction/guidance presented in the specification regarding the same, the absence of
working examples directed to the same, the complex nature of the invention, the
contradictory state of the prior art, the unpredictability of diagnosing a wide array of
diseases using a single marker, and the breadth of the claims which fail to recite
specific myocardial or immunological disorders, undue experimentation would be

required of the skilled artisan to make and/or use the claimed invention in its full scope.

Claim 7 is rejected under 35 U.S.C. 112, first paragraph, as failing to comply with
the enablement requirement. The claim(s) contains subject matter which was not
described in the specification in such a way as to enable one skilled in the art to which it
pertains, or with which it is most nearly connected, to make and/or use the invention.

Claim 7 is directed to a therapeutic agent comprising a nucleic acid encoding the
peptide of SEQ ID NOS: 1, 2, 5-10. Since the claim is directed to a therapeutic agent,
its sole intended use is in therapy, specifically gene therapy. However, the specification

does not teach the skilled artisan how to use such a therapeutic agent to treat disease.
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The state of the art regarding gene therapy shows that this is still an emerging field, and
very limited success has been achieved. One of the main stumbling blocks has been
the achievement of a proper level of expression control. See Phillips, 2001, Journal of
Pharmacy and Pharmacology 53:1169-1174 and Verma et al., 1997, Nature 389:239-
242.

Given the lack of success in the prior art regarding the use of gene therapy, the
specification must provide sufficient guidance for the skilled artisan to overcome past
failures. However, the specification has not provided detailed guidance nor working
examples directed to the approach of gene therapy using the claimed sequences to
achieve therapeutic effects on any disorders.

Due to the large quantity of experimentation necessary to determine how to use
the claimed agents to treat any disorder, the lack of direction/guidance presented in the
specification regarding the same, the absence of working examples directed to the
same, the complex nature of the invention, the contradictory state of the prior art, the
unpredictability of the effect of any therapeutic agent in a complex biological system,
and the breadth of the claims which fail to recite specific disorders, undue
experimentation would be required of the skilled artisan to make and/or use the claimed
invention in its full scope.

Amending claim 7 to delete the word “therapeutic” would obviate the instant
rejection, since compositions comprising the recited nucleic acids are useful and
enabled for purposes other than gene therapy, such as nucleic acid hybridization

analysis or recombinant protein production.



Application/Control Number: 12/162,135 Page 9
Art Unit: 1646

35U.S.C. § 102
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in
public use or on sale in this country, more than one year prior to the date of application for patent in
the United States.

Claim 10 is rejected under 35 U.S.C. 102(b) as being anticipated by
XP002433633 (internet article, 10 January 2005).

XP002433633 discloses three antibody preparations that bind calcineurin A.
Since calcineurin A comprises the sequence of SEQ ID NO: 2, it would be reasonable to
expect that the antibodies would also inherently bind the peptides of SEQ ID NO: 1,2,

5-10 as claimed.

Conclusion

No claims are allowed.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Elizabeth C. Kemmerer, Ph.D. whose telephone number
is (571) 272-0874. The examiner can normally be reached on Monday through Friday,
9:00 a.m. to 5:30 p.m.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Gary Nickol, Ph.D. can be reached on (571) 272-0835. The fax phone
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number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

JECK/
24 May 2010

{Elizabeth C. Kemmerer/
Elizabeth C. Kemmerer, Ph.D.
Primary Examiner, Art Unit 1646
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33100323 PMID: 20207814

The %%%calcineurin%%%-myocyte enhancer factor 2c¢ pathway mediates cardiac
$%%hypertrophy%%% induced by endoplasmic reticulum stress in neonatal rat
cardiomyocytes.

Zhang Zhen-Ying; Liu Xiu-Hua; Hu Wei-Cheng; Rong Fei; Wu Xu-Dong

Department of Pathophysiology, Chinese PLA General Hospital, 28 Fuxing
Road, Beijing, China.

American journal of physiology. Heart and circulatory physiology (United
States) May 2010, 298 (5) PH1499-509, ISSN 1522-1539--Electronic
0363-6135--Linking Journal Code: 100901228

Publishing Model Print-Electronic

Document type: Journal Article; Research Support, Non-U.S. Gov't

Languages: ENGLISH

Main Citation Owner: NLM

Record type: MEDLINE; Completed

Endoplasmic reticulum (ER) stress (ERS) is involved in wvarious
cardiovascular diseases. Our previous study verified that ERS took part in

Q Q

the development of cardiac $%%%hypertrophy%%%; however, its mechanism is

still unclear. This study aimed to investigate the roles of the
$%%calcineurin%%% (CalN) %%%signal%%% pathway in %%%hypertrophy%%% induced
by the ERS inductor thapsigargin (TG) in neonatal cardiomyocytes from

Sprague-Dawley rats. Investigation of ER chaperone expression, ER staining,
and calreticulin immunofluorescence were used to detect the ERS response.
mRNA expression of atrial natriuretic peptide and brain natriuretic
peptide, total ©protein synthesis rate, and cell surface area were used to



evaluate cardiac %%%hypertrophy%%% induced by TG. TG induced a significant
ERS response along with $%%hypertrophy%$%% in a dose- and time-dependent
manner in cardiomyocytes, which was verified by treatment with tunicamycin,
another ERS inducer. Furthermore, TG induced a significant elevation of the
intracellular Ca(2+) level, CaN activation, and myocyte enhancer factor 2c
(MEF2c) expression in a dose- and time-dependent manner in cardiomyocytes.
Cyclosporine A, a CalN inhibitor, markedly suppressed MEF2c %$%$%nuclear%$%%
translocation and inhibited TG-induced %%%hypertrophy%$%%. These results
demonstrate that ERS induces cardiac %%%hypertrophy%%% and that the
CaN-MEF2c pathway is involved in ERS-induced %%%hypertrophy%%% in
cardiomyocytes.
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33080419 PMID: 20351294
TRPC channels are necessary mediators of pathologic cardiac
$%%shypertrophy%$%%.

Wu Xu; Eder Petra; Chang Baojun; Molkentin Jeffery D

Department of Pediatrics, Cincinnati Children's Hospital Medical Center,
University of Cincinnati, Cincinnati, OH 45229, USA.

Proceedings of the National Academy of Sciences of the United States of
America (United States) Apr 13 2010, 107 (15) p7000-5, ISSN 1091-6490
——-Electronic 0027-8424--Linking Journal Code: 7505876;

Contract/Grant No.: Howard Hughes Medical Institute United States

Publishing Model Print-Electronic

Document type: Journal Article; Research Support, N.I.H., Extramural;
Research Support, Non-U.S. Gov't
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Main Citation Owner: NLM
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Pathologic $%%hypertrophy%$%% of the heart is regulated through
membrane-bound receptors and intracellular signaling pathways that
function, in part, by altering Ca(2+) handling and Ca(2+)-dependent
signaling effectors. Transient receptor potential canonical (TRPC) channels
are important mediators of Ca(2+)-dependent %%%signal%%% transduction that
can sense stretch or activation of membrane-bound receptors. Here we
generated cardiac-specific transgenic mice that express dominant-negative
(dn) TRPC3, dnTRPC6, or dnTRPC4 toward blocking the activity of the
TRPC3/6/7 or TRPC1/4/5 subfamily of channels in the heart. Remarkably, all
three dn transgenic strategies attenuated the cardiac %%%hypertrophic%%%
response following either neuroendocrine agonist infusion or
pressure-overload stimulation. dnTRPC transgenic mice also were partially
protected from loss of cardiac functional performance following long-term

pressure-overload stimulation. Importantly, adult myocytes isolated from
$%%hypertrophic%%% WI hearts showed a unique Ca(2+) influx activity under
store-depleted conditions that was not observed in myocytes from

$%%hypertrophied%%% dnTRPC3, dnTRPC6, or dnTRPC4 hearts. Moreover, dnTRPC4
inhibited the activity of the TRPC3/6/7 subfamily in the heart, suggesting
that these two subfamilies function in coordinated complexes.
Mechanistically, inhibition of TRPC channels in transgenic mice or in
cultured neonatal myocytes significantly reduced activity 1in the



000 _ 000 Q

$%%calcineurin%$%$%—-%%%nuclear%%% factor of activated T cells (NFAT), a known
Ca(2+)-dependent %%%hypertrophy%%% —-inducing pathway. Thus, TRPC channels

Q

are necessary mediators of pathologic cardiac %%%hypertrophy%%%, in part
through a %%%calcineurin%$%%-NFAT signaling pathway.
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32848786 PMID: 20177001
Reciprocal repression between microRNA-133 and $%$%%calcineurin%%%

regulates cardiac %$%$%$hypertrophy%%% : a novel mechanism for progressive
cardiac %%%hypertrophy%%%.

Dong De-Li; Chen Chang; Huo Rong; Wang Ning; Li Zhe; Tu Yu-Jie; Hu
Jun-Tao; Chu Xia; Huang Wei; Yang Bao-Feng

Department of Pharmacology, Harbin Medical University, Baojian Rd 157,
Harbin 150081, Heilongjiang Province, People's Republic of China.
delidong2004@yahoo.com.cn.

Hypertension (United States) Apr 2010, 55 (4) p946-52, ISSN
1524-4563--Electronic 0194-911X--Linking Journal Code: 7906255
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Cardiac $%$%%hypertrophy%%% involves a remodeling process of the heart in

response to diverse pathological stimuli. Both $%%%calcineurin%%%/
$%%nuclearsss factor of activated T <cells pathway and microRNA-133
(miR-133) have been shown to play a critical role in cardiac
$%%hypertrophy%%% . It has been recognized that the expression and activity
of %%%calcineurin%%% increases and miR-133 expression decreases in the

Q

$%hypertrophic%$%% heart, and inhibition of %%%calcineurin%%% or increase
of miR-133 expression protects against cardiac %%%hypertrophy%%%. Here we
tested the interaction between miR-133 and %%%calcineurin%%% in cardiac
$%%hypertrophy%%%. Cardiac %%%hypertrophy%%% in wvivo and in vitro was
induced by transverse aortic constriction and phenylephrine treatment. mRNA
levels were measured by using real-time PCR methods. Luciferase assays
showed that transfection of miR-133 in HEK293 cells downregulated
$%%calcineurin%%% expression, which was reversed by cotransfection with the
miR-133-specific 2'-O-methyl antisense inhibitory oligoribonucleotides.
These results were confirmed in cultured primary cardiomyocytes. miR-133
expression was downregulated, and %%%calcineurin%%% activity was enhanced
in both in vivo and in vitro cardiac $hypertrophy%%% models. Treatment of
cells and animals with cyclosporin A, an inhibitor of %%%calcineurin%%%,
prevented miR-133 downregulation. Moreover, the antisense

Q

oligodeoxynucleotides against the catalytic subunits of %%%calcineurin%%%

Q Q

Abeta and the decoy oligodeoxynucleotides targeting %%%nuclear$%$%% factor
of activated T cells transcription factor, a %%%calcineurin%%% downstream
effector, increased miR-133 expression in cultured primary cardiomyocytes.
Our data show that reciprocal repression between miR-133 and
$%%calcineurin%%% regulates cardiac %%%hypertrophyv%%%.
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32421365 PMID: 19114340

[Role of Ca2+/calmodulin-dependent %%$%calcineurin%%% signaling pathway in
neuropeptide Y-induced cardiac %%%hypertrophy%%% in rats]

Li Xiao-yun; Chen Min-sheng; Huang Shao-hua; Dong Qin; Li Ying-hui; Zhang
Shu; Liu Zhen-xiu

Department of Cardiology, Second Affiliated Hospital of Guangzhuo Medical
College, Guangzhou 510260, China. yun530@sohu.com

Nan fang yi ke da xue xue bao = Journal of Southern Medical University (
China) Dec 2008, 28 (12) p2139-41, ISSN 1673-4254--Print 1673-4254--
Linking Journal Code: 101266132

Publishing Model Print

Document type: English Abstract; Journal Article; Research Support,
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Main Citation Owner: NLM
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OBJECTIVE: To investigate the role of Ca(2+)/calmodulin-dependent
$%%calcineurin%%% (CalN) signaling pathway in neuropeptide Y (NPY)-induced

Q

cardiomyocyte %%$%hypertrophy%%% in rat. METHODS: Cardiomyocytes of neonatal
Wistar rats were cultured in the presence of 10 and 100 nmol/L NPY, and
cyclosporine A (CsA) was applied to inhibit the activity of CaN. The
protein synthesis rate, c—jun mRNA expression, CaN protein expression, Cal
activity and intracellular Ca(2+) concentration in the cardiomyocytes were
assessed. RESULTS: Compared with the control group, (3)H-Leu incorporation
and expression of c—jun mRNA in the cardiomyocytes treated with 100 nmol/L
NPY increased significantly (P<0.05, P<0.001), and the effect of NPY was
blocked by CsA. The activity of CaN (P<0.05), CaN expression (P<0.05), and
Ca(2+) concentration in the cytoplasm (P<0.001) and %%%nuclei%%% (P<0.001)
of the «cells with 100 nmol/L NPY treatment also significantly increased
compared with those in the control cells. CONCLUSION: NPY can induce
cardiomyocyte $%%hypertrophy%$%% in rats, in which process
Ca(2+)/calmodulin-dependent CaN signaling pathway plays an important role.
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32356997 PMID: 20026769

LIM and cysteine-rich domains 1 regulates cardiac %%%hypertrophy%$%% by
targeting $%$%%calcineurin%%$%/%%%nuclear%%% factor of activated T cells
signaling.

Bian Zhou-Yan; Huang He; Jiang Hong; Shen Di-Fei; Yan Ling; Zhu Li-Hua;
Wang Lang; Cao Feng; Liu Chen; Tang Qi-Zhu; Li Hongliang

Department of Cardiology, Renmin Hospital, Wuhan University, Wuhan,
People's Republic of China.

Hypertension (United States) Feb 2010, 55 (2) p257-63, ISSN
1524-4563--Electronic 0194-911X--Linking Journal Code: 7906255
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LIM domain proteins are important regulators in cell growth, cell fate

determination, cell differentiation, and remodeling of the cell
cytoskeleton. LIM and cysteine-rich domains 1 (Lmcdl) is a novel protein
that contain 2 LIM domains with regular spacing in the carboxy-terminal
region. However, its roles in cardiac growth remain unknown. Here, we

Q

investigated whether Lmcdl regulates cardiac %$%$%hypertrophy%$%% in vitro and
in vivo and elucidated the underlying molecular mechanisms. We used primary
cultured cardiac myocytes and cardiac-specific Lmcdl transgenic mice. In
wild-type mice subjected to the aortic banding, cardiac %%%hypertrophy%%%
was evident at 8 weeks. In transgenic mice, however, cardiac
$%%hypertrophy%$%% was significantly greater than that in wild-type mice, as
estimated by heart weight:body weight ratio, cardiomyocyte area, and
echocardiographic measurements, as well as cardiac atrial natriuretic
peptide and B-type natriuretic peptide mRNA and protein levels. Our results
further showed that cardiac fibrosis observed in wild-type aortic banding
mice was augmented in transgenic aortic banding mice. Importantly,
$%%calcineurin%%% activity and $%%%nuclear%%% factor of activated T cells
activation level were increased more in transgenic mice than those in
wild-type mice after 8-week aortic banding. In vitro experiments in cardiac
myocytes further revealed that angiotensin II-induced %%%calcineurin%%%
activity and $%$%$%nuclear%%% factor of activated T cells activation were
enhanced by overexpression but blunted by downregulation of Lmcdl. In
conclusion, our results suggest that Lmcdl plays a critical role in the

development of cardiac $%%hypertrophy%$%% via activation of
$%%calcineurin%%%/%%%nuclear%%% factor of activated T <cells signaling
pathway.
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Cdc42 is an antihypertrophic molecular switch in the mouse heart.

Maillet Marjorie; Lynch Jeffrey M; Sanna Bastiano; York Allen J; Zheng Yi
; Molkentin Jeffery D

Department of Pediatrics, Division of Molecular Cardiovascular Biology,
University of Cincinnati, and Experimental Hematology and Cancer Biology,
Cincinnati Children's Hospital Medical Center, Cincinnati, Ohio, USA.
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To improve contractile function, the myocardium undergoes
$%%hypertrophic%%% growth without myocyte proliferation in response to both
pathologic and physiologic stimulation. Various membrane-bound receptors

0.0 0 0.0 0

and intermediate %%%signal%%% transduction pathways regulate the induction

0.0 0 0.0 0

of cardiac %%%hypertrophy%%%, but the cardioprotective regulatory pathways



or effectors that antagonize cardiac %%%hypertrophy%%% remain poorly
understood. Here we identify the small GTPase Cdc42 as a signaling
intermediate that restrained the cardiac growth response to physiologic and
pathologic stimuli. Cdc42 was specifically activated in the heart after
pressure overload and in cultured cardiomyocytes by multiple agonists. Mice
with a heart-specific deletion of Cdc42 developed greater cardiac
$%%hypertrophy%%% at 2 and 8 weeks of stimulation and transitioned more
guickly into heart failure than did wild-type controls. These mice also
displayed greater cardiac %$%%hypertrophy%$%% in response to neuroendocrine
agonist infusion for 2 weeks and, more remarkably, enhanced
exercise-induced %%%hypertrophy%%% and sudden death. These pathologies were
associated with an inability to activate JNK following stimulation through
a MEKK1/MKK4/MKK7 pathway, resulting in greater cardiac %%%nuclear%%%
factor of activated T «cells (NFAT) activity. Restoration of cardiac JNK
signaling with an Mkk7 heart-specific transgene reversed the enhanced
growth effect. These results identify what we believe to be a novel
antihypertrophic and protective cardiac signaling pathway, whereby

Q

Cdc4d2-dependent JNK activation antagonizes %$%%calcineurin%$%%-NFAT activity
to reduce %%%hypertrophy%%% and prevent transition to heart failure.
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Angiotensin-(1-7) prevents cardiomyocyte pathological remodeling through
a nitric oxide/guanosine 3',5'-cyclic monophosphate-dependent pathway.
Gomes Eneas R M; Lara Aline A; Almeida Pedro W M; Guimaraes Diogo;
Resende Rodrigo R; Campagnole-Santos Maria J; Bader Michael; Santos Robson
A S; Guatimosim Silvia

Department of Physiology and Biophysics, Federal University of Minas
Gerais, Belo Horizonte MG-CEP: 31270-901, Brazil.
Hypertension (United States) Jan 2010, 55 (1) pl53-60, ISSN

1524-4563--Electronic 0194-911X--Linking Journal Code: 7906255

Publishing Model Print-Electronic

Document type: Journal Article; Research Support, Non-U.S. Gov't

Languages: ENGLISH

Main Citation Owner: NLM

Record type: MEDLINE; Completed

The renin-angiotensin (Ang) system plays a pivotal =role in the
pathogenesis of cardiovascular disease, with Ang II being the major
effector of this system. Multiple 1lines of evidence have shown that
Ang-(1-7) exerts cardioprotective effects in the heart by counterregulating
Ang II actions. The questions that remain are how and where Ang-(1-7)
exerts 1ts effects. By using a combination of molecular biology, confocal
microscopy, and a transgenic rat model with increased levels of circulating
Ang-(1-7) (TGR[A1-7]3292), we evaluated the signaling pathways involved in
Ang-(1-7) cardioprotection against Ang II-induced pathological remodeling
in wventricular cardiomyocytes. Rats were infused with Ang II for 2 weeks.
We found that ventricular myocytes from TGR(A1-7)3292 rats are protected
from Ang II pathological remodeling characterized by Ca(2+) signaling

Q

dysfunction, %$%%hypertrophic%%% fetal gene expression, glycogen synthase

Q Q

kinase 3beta inactivation, and %%%nuclear%%% factor of activated T-cells



$%%nuclear%%% accumulation. Moreover, cardiomyocytes from TGR(A1l-7)3292
rats infused with Ang II presented increased expression levels of neuronal
NO synthase. To provide a signaling pathway involved in the beneficial
effects of Ang-(1-7), we treated neonatal cardiomyocytes with Ang-(1-7) and
Ang II for 36 hours. Treatment of cardiomyocytes with Ang-(1-7) prevented
Ang ITI-induced $%%hypertrophy%$%% by modulating $%%calcineurin%%%/
$%%nuclear%%% factor of activated T-cell signaling cascade. Importantly,
antihypertrophic effects of Ang-(1-7) on Ang II-treated cardiomyocytes were
prevented by N(G)-nitro-l-arginine methyl ester and
1H-1,2,4oxadiazolod4, 2-aquinoxalin-1-one, suggesting that these effects are
mediated by NO/cGMP. Taken together, these data reveal a key role for
NO/cGMP as a mediator of Ang-(1-7) beneficial effects in cardiac cells.
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RATIONALE: Apoptosis $%%%signal%%%-regulating kinase (ASK)1l is a central

upstream kinase in the greater mitogen-activated protein kinase cascade

that mediates growth and death decisions in cardiac myocytes in response to
diverse pathological stimuli. OBJECTIVE: However, the role that ASKl plays
in regulating the cardiac %%%hypertrophic%%% response in vivo remains
controversial. METHODS AND RESULTS: Here, we generated mice with
cardiac-specific and inducible overexpression of ASKl in the heart to
assess 1ts gain-of-function effect. ASKl transgenic mice exhibited no

Q Q

induction of cardiac %%%hypertrophyv%%% or pathology at 3 and 12 months of

age, and these mice showed an identical %%%hypertrophic%%% response to
controls following 2 weeks of pressure-overload stimulation or

isoproterenol infusion. Although ASKl overexpression did not alter the
cardiac $%$%%hypertrophic%%% response, it promoted %$%%cardiomyopathy%%% and
greater TUNEL following pressure-overload stimulation and myocardial
infarction. Indeed, ASKl transgenic mice showed a greater than 2-fold
increase in ischemia reperfusion-induced injury to the heart compared with
controls. Examination of downstream signaling showed a prominent activation

of mitogen—activated protein kinase kinase 4/6 and c-Jun NH(2)-terminal



$%%nuclears%s factor
of activated T <cells), and induction of Bax in the hearts of ASKI1
transgenic mice following 1 and 8 weeks of pressure-overload stimulation.

Mechanistically, %$%%cardiomyopathy%%% associated with ASK]l overexpression
after 8 weeks of ©pressure overload was significantly reduced in the

kinase (JNK)1/2 (but not p38 or extracellular $%%%signal%%%-regulated
kinases [ERKs]), inhibition of %%%calcineurin$%%%$—-NFAT ( %

$%%calcineurin%%% Abeta-null (CnAbeta(-/-)) background. CONCLUSIONS: These
results indicate that ASKl does not directly regulate the cardiac

$%%hypertrophic%%% response in wvivo, but it does alter cell death and
propensity to %%%cardiomyopathy%$%%, in part, through a %%%calcineurin%%%
—dependent mechanism.
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Myocyte enhancer factor 2C (MEF2C) plays an important role in
cardiovascular development and 1is a key transcription factor for cardiac
$%%hypertrophy%%% . Here, we describe MEF2C regulation by insulin-like
growth factor-1 (IGF-1) and its role in IGF-1l-induced cardiac
$%%hypertrophy%%% . We found that IGF-1 addition to cultured rat

Q

cardiomyocytes activated MEF2C, as evidenced by its increased %%%nuclear%%%
localization and DNA binding activity. IGF-1 stimulated MEF2 dependent-gene
transcription in a time-dependent manner, as indicated by increased MEF2
promoter—-driven reporter gene activity; IGF-1 also induced p38-MAPK
phosphorylation, while an inhibitor of p38-MAPK decreased both effects.
Additionally, inhibitors of phosphatidylinositol 3-kinase and
$%%calcineurin%%% prevented IGF-1l-induced MEF2 transcriptional activity.
Via MEF2C-dependent signaling, IGF-1 also stimulated transcription of
atrial natriuretic factor and skeletal alpha-actin but not of fos-lux
reporter genes. These novel data suggest that MEF2C activation by IGF-1
mediates the pro-%%%hypertrophic%%% effects of IGF-1 on cardiac gene
expression.
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hypoxia-induced pulmonary hypertension: role of NFATc3 and HuR.
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The nitric oxide/soluble guanylyl cyclase (sGC) %%%signal%%% transduction
pathway plays an important role in smooth muscle relaxation and phenotypic
regulation. However, the transcriptional regulation of sGC gene expression

is largely unknown. It has been shown that sGC expression increases in
pulmonary arteries from chronic hypoxia-induced pulmonary hypertensive
animals. Since the transcription factor NFATc3 1is required for the

upregulation of the smooth muscle %%%hypertrophic%%%/differentiation marker
alpha-actin in pulmonary artery smooth muscle cells from chronically
hypoxic mice, we hypothesized that NFATc3 is required for the regulation of
sGC-alphal expression during chronic hypoxia. Exposure to chronic hypoxia
for 2 days induced a decrease in sGC-alphal expression in mouse pulmonary
arteries. This reduction was independent of NFATc3 but mediated by
$%%nuclear%$%% accumulation of the mRNA-stabilizing protein human antigen R
(HuR) . Consistent with our hypothesis, chronic hypoxia (21 days)
upregulated pulmonary artery sGC-alphal expression, bringing it back to the
level of the normoxic controls. This response was prevented in NFATc3
knockout and cyclosporin (%$%%calcineurin%$%%/NFATc inhibitor)-treated mice.
Furthermore, we identified effective binding sites for NFATc in the mouse
sGC-alphal promoter. Activation of ©NFATc3 increased sGC-alphal promoter
activity in human embryonic derived kidney cells, rat aortic-derived smooth
muscle cells, and human pulmonary artery smooth muscle cells. Our results
suggest that NFATc3 and HuR are important regulators of sGC-alphal
expression in pulmonary vascular smooth muscle cells during chronic
hypoxia-induced pulmonary hypertension.
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Q

Cardiomyocyte $%$%%hypertrophy%%% occurs 1n response to a variety of
yocCcy Y Y

physiological and pathological stimuli. While pathological
$%%hypertrophy%%% in heart failure 1is wusually coupled with depressed
contractile function, physiological %%%hypertrophy%%% associates with
increased contractility. In the present study, we explored whether 8 weeks
of moderate intensity exercise training would 1lead to a cardiac
anti-remodelling effect in an experimental model of heart failure

Q

associated with a deactivation of a pathological (%$%%calcineurin%%%/NFAT,
CaMKII/HDAC) or activation of a physiological (Akt-mTOR) $%$%%hypertrophy%%%
signalling pathway. The cardiac dysfunction, exercise intolerance, left

ventricle dilatation, increased heart weight and cardiomyocyte
$%%hypertrophy%%% from mice lacking alpha(2A) and alpha(2C) adrenoceptors
(alpha(2A) /alpha(2C)ARKO mice) were associated with sympathetic
hyperactivity induced heart failure. The relative contribution of
Ca(2+)-calmodulin high-affinity (%%%calcineurin%%%/NFAT) and low-affinity
(CaMKII/HDAC) targets to pathological $%%shypertrophy%%% of
alpha(2A) /alpha (2C)ARKO mice was verified. While $%%nuclear%%%

(
$%%calcineurin%%% B, NFATc3 and GATA-4 translocation were significantly
increased in alpha(2A)/alpha(2C)ARKO mice, no changes were observed in
CaMKII/HDAC activation. As expected, cyclosporine treatment decreased
$%%nuclear%%% translocation of $%%calcineurin%%% /NFAT in
alpha(2A) /alpha (2C)ARKO mice, which was associated with improved
ventricular function and a pronounced anti-remodelling effect. The Akt/mTOR
signalling pathway was not activated in alpha(2A)/alpha(2C)ARKO mice.
Exercise training improved cardiac function and exercise capacity in
alpha(2A)/alpha(2C)ARKO mice and decreased heart weight and cardiomyocyte
width paralleled by diminished $%%nuclear%s%s NFATc3 and GATA-4
translocation as well as GATA-4 expression levels. When combined, these

Q

findings support the notion that deactivation of %%%calcineurin%%%/NFAT
pathway—-induced pathological %%%$hypertrophy%%% is a preferential mechanism
by which exercise training leads to the cardiac anti-remodelling effect in
heart failure.
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Cardiac $%%hypertrophy%%% is accompanied by maladaptive cardiac
remodeling, which leads to heart failure or sudden death. MicroRNAs
(miRNAS) are a class of small, noncoding RNAs that mediate

posttranscriptional gene silencing. Recent studies show that miRNAs are
involved in the pathogenesis of %%%hypertrophy%%%, but their signaling
regulations remain to be understood. Here, we report that miR-23a is a pro-
$%%hypertrophic%%% miRNA, and its expression 1is regulated by the

transcription factor, $%%nuclear$%$%% factor of activated T cells (NFATc3).
The results showed that miR-23a expression was up-regulated upon treatment

with the $%%hypertrophic%%% stimuli including isoproterenol and
aldosterone. Knockdown of miR-23a could attenuate %%%hypertrophy%$%% ,
suggesting that miR-23a is able to convey the %%%hypertrophic%%%
$%%signal%%% . In exploring the molecular mechanism by which miR-23a is

up-regulated, we identified that NFATc3 could directly activate miR-23a
expression through the transcriptional machinery. The muscle specific ring
finger protein 1, an anti-%%%hypertrophic%%% protein, was identified to be
a target of miR-23a. Its translation could be suppressed by miR-23a. Our
data provide a model 1in which the miRNA expression is regulated by the
$%%hypertrophic%%% transcriptional factor.
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Neonatal rat cardiac myocytes were exposed to 10 nM thapsigargin (IG) or
20 muM phenylephrine (PE) to compare resulting alterations of Ca(2+)
homeostasis. Either treatment results in resting cytosolic [Ca(2+)] rise
and reduction of Ca(2+) signals in myocytes following electrical stimuli.
In fact, ATP-dependent Ca(2+) transport 1is reduced due to catalytic
inhibition of sarcoplasmic reticulum ATPase (SERCA2) by TG or reduction of
SERCA2 protein expression by PE. A marked rise of %%%nuclear%%% factor of
activated T «cells (NFAT)-dependent expression of transfected luciferase
cDNA is produced by TG or PE, which is dependent on increased NFAT

dephosphorylation by activated $%%calcineurin%%% and reduced
phosphorylation by inactivated glycogen synthase kinase 3beta. Expression
of SERCA2 (inactivated) protein is increased following exposure to TG,
whereas no $%%hypertrophy%%% 1s produced. On the contrary, SERCA2
expression is reduced, despite high CN activity, following protein kinase C
(PKC) activation by PE (or phorbol 12-myristate 13-acetate) under

conditions producing myocyte %$%%hypertrophy%%%. Both effects of TG and PE
are dependent on NFAT dephosphorylation by CN, as demonstrated by CN
inhibition with cyclosporine (CsA). However, the %%%hypertrophy%%% program
triggered by PKC activation bypasses SERCA2 transcription and expression
due to competitive recruitment of NFAT and/or other transcriptional
factors. A similar dependence on CN activation, but relative reduction

under conditions of PKC activation, involves transcription and expression

of the Na(+)/Ca(2+) exchanger-1. On the other hand, significant
upregulation of transient receptor potential channel proteins is noted
following PKC activation. The observed alterations of Ca(2+) homeostasis

may contribute to development of contractile failure.
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The %%%nuclear%$%$% factor of activated T-cell (NFAT) transcription factors
play an important role in many biological processes, including pathological
cardiac $%%hypertrophy%%% . Stimulated by calcium signals, NFAT is
translocated to the %$%%nucleus%%% where it can regulate %%%hypertrophic%%%
genes (excitation-transcription coupling). In excitable <cells, such as
myocytes, calcium is a key second messenger for multiple signaling events,
including excitation-contraction coupling. Whether the calcium signals due
to excitation-contraction and excitation-transcription coupling coincide or
how they can be differentiated is currently unclear. Here we construct a
mathematical model of NFAT cycling fitted to skeletal myocyte and baby

hamster kidney cell data. The model replicates key behavior with respect to

sensitivity to $%%calcineurin%%% overexpression and to calcium
oscillations. Finally, we measure the sensitivity of the system to a
simulated $%$%%hypertrophic%%% calcium %%%signal%%% , against a background

excitation-contraction coupling calcium oscillation. We find that NFAT
cycling 1s sensitive to excitation-transcription coupling even when both
calcium signals are in the same cellular compartment, thus showing that
separation of the signals may not be necessary in vitro.
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Increased myocardial c¢GMP, achieved by enhancing cyclase activity or
impeding c¢GMP hydrolysis by phosphodiesterase type-5 (PDEbSA), suppresses
cellular and whole organ %%%hypertrophy%%%. The efficacy of the latter also
requires cyclase stimulation and may depend upon co-activation of
maladaptive signaling suppressible by cGMP-stimulated kinase (cGK-1). Thus,
PDESA inhibitors could paradoxically be more effective against higher than
lower magnitudes of ©pressure-overload stress. To test this, mice were
subjected to severe or moderate trans-aortic constriction (sTAC, mTAC) for
6 wks +/-co-treatment with oral sildenafil (SIL 200 mg/kg/d). LV mass (LVM)
rose 130% after 3-wks sTAC and SIL blunted this by 50%. With mTAC, LVM rose
56% at 3 wks but was unaffected by SIL, whereas a 90% increase in LVM after
6 wks was suppressed by SIL. SIL minimally altered LV function and



remodeling with mTAC until later stages that stimulated more

$%%hypertrophy%%% and remodeling. SIL stimulated cGK-1 activity similarly
at 3 and 6 wks of mTAC. However, pathologic stress signaling (e.g.

%$%%calcineurin%%% , ERK-MAPkinase) was little activated after 3-wk mTAC,
unlike sTAC or later stage mTAC when activity increased and SIL suppressed
it. With modest $%%hypertrophy%$%% (3-wk mTAC), GSK3beta and Akt
phosphorylation were unaltered but SIL enhanced it. However, with more
severe %%%hypertrophy%%% (6-wk mTAC and 3-wk sTAC), both kinases were

highly phosphorylated and SIL treatment reduced it. Thus, PDEbA-inhibition
counters cardiac pressure-overload stress remodeling more effectively at
higher than lower magnitude stress, coupled to pathologic signaling
activation targetable by <¢GK-1 stimulation. Such regulation could impact
responses of varying disease models to PDEbLA inhibitors.
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The identification of genetic factors influencing cardiac growth
independently of increased load 1is crucial to an understanding of the
molecular and cellular basis of pathological cardiac %$%$%hypertrophy%%%. The
central aim of this investigation was to determine how pathological
$%%hypertrophy%$%% in the adult can be 1linked with disturbances in
cardiomyocyte growth and viability in early neonatal development. The
$%%hypertrophic%%% heart rat (HHR) model is derived from the spontaneously
hypertensive rat and exhibits marked cardiac %%%hypertrophy%%%, in the
absence of a pressure load at maturity. Hearts were harvested from male
HHR, and control strain normal heart rats (NHR), at different stages of

postnatal development [neonatal (P2), 4 wk, 6 wk, 8 wk, 12 wk, 20 wk].
Isolated neonatal cardiomyocytes were prepared to evaluate cell size,
number, and binucleation. At postnatal day 2, HHR hearts were considerably

smaller than control NHR (4.3 +/- 0.2 vs. 5.0 +/- 0.1 mg/g, P < 0.05).
Cardiac growth restriction in the neonatal HHR was associated with reduced
myocyte size (length and width) and an increased proportion of binucleated
cardiomyocytes. Furthermore, the number of cardiomyocytes isolated from HHR
neonatal hearts was significantly less ( approximately 29%) than NHR. We



also observe that growth stress in the neonate 1is associated with
accentuated PI3K and suppressed MAPK activation, although these signaling
pathways are normalized in the adult heart exhibiting established
$%%hypertrophy%%%. Thus, using the HHR model, we identified novel molecular
and cellular mechanisms involving premature exit from the cell cycle,
reduced cardiomyocyte endowment, and dysregulated trophic signaling during
early development, which are implicated in the etiology of heritable
cardiac %%$%hypertrophyv%$%% in the adult.
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The calcium-activated protein phosphatase %%%calcineurin%%% is controlled
by regulator of %%%calcineurin%%% (RCAN) in organisms ranging from yeast to
mammals. Here we performed a yeast two-hybrid screen with RCAN1 as bait,
identifying TAKl binding protein 2 (TAB2) as an interacting partner. TAB2
interacted directly with RCAN1 in wvitro and in wvivo, recruiting TAK1l, TABI1
and $%%calcineurin%%% , forming a macromolecular signalling complex.
Overexpression of TAKl and TABl, or active TAKl(DeltalN), promoted direct
phosphorylation of RCAN1l in vitro and in wvivo. TAKl phosphorylated RCAN1 at
Ser 94 and Ser 136, converting RCAN1l from an inhibitor to a facilitator of

$%%calcineurin%%$%$-NFAT signalling, and enhancing NFATcl $%%%nuclear%%$
translocation, NFAT transcriptional activation and the %%%hypertrophic%%%
growth of cultured cardiomyocytes. The TAK1-TAB1-TAB2 and the

9.9

%%calcineurin%%% -NFAT signalling modules did not interact in Rcanl/2- or
Tab2-deficient mouse embryonic fibroblast (MEF) cultures. %%%Calcineurin%%%
activation also dephosphorylated and inhibited TAK1l and TABl, an effect
that was absent in Rcanl/2 deficient MEFs. Functionally, TAKl was
indispensable for the cardiomyocyte growth response induced by pro-
$%%hypertrophic%%% stimuli through $%%%calcineurin%%% . These results
describe a signalling relationship between two central regulatory pathways
in which TAK1-TAB1-TAB2 selectively induces %%%calcineurin%%% —-NFAT
signalling through direct phosphorylation of RCAN1, while %$%%calcineurin%%$%
activation diminishes TAKl signalling by dephosphorylation of TAKl and
TABI1.
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Left wventricular (LV) $%%%hypertrophy%$%% commonly develops in response to
chronic hypertension and is a significant risk factor for heart failure and

Q

death. The serine-threonine phosphatase $%%%calcineurin%%% (Cn)A plays a
critical role in the development of pathological %%%$hypertrophy%%%

Previous experimental studies in murine models show that estrogen limits
pressure overload-induced $%$%%hypertrophy%$%% ; our purpose was to explore
further the mechanisms underlying this estrogen effect. Wild-type,

ovariectomized female mice were treated with placebo or l7beta-estradiol

(E2), followed by transverse aortic constriction (TAC), to induce pressure
overload. At 2 weeks, mice underwent physiological evaluation, immediate
tissue harvest, or dispersion of cardiomyocytes. E2 replacement limited

Q

TAC-induced LV and cardiomyocyte $%%%hypertrophy%%% while attenuating
deterioration in LV systolic function and contractility. These E2 effects
were associated with reduced abundance of CnA. The primary downstream
targets of CnA are the %%%nuclear%$%% factor of activated T-cell (NFAT)
family of transcription factors. In transgenic mice expressing a
NFAT-activated promoter/luciferase reporter gene, E2 limited TAC-induced
activation of NFAT. Moreover, the inhibitory effects of E2 on LV
$%%hypertrophy%%% were absent in CnA knockout mice, supporting the notion
that CnA is an important target of EZ2-mediated inhibition. In cultured rat
cardiac myocytes, E2 inhibited agonist-induced %%%hypertrophy%%% while also
decreasing CnA abundance and NFAT activation. Agonist stimulation also
reduced CnA ubiquitination and degradation that was prevented by E2; all in

vitro effects of estrogen were reversed by an estrogen receptor (ER)

antagonist. These data support that E2 reduces pressure overload induced
$%%shypertrophyv%%% by an ER-dependent mechanism that increases CnA

degradation, unveiling a novel mechanism by which E2 and ERs regulate
pathological LV and cardiomyocyte growth.
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Phosphodiesterase 5 inhibition blocks pressure overload-induced cardiac
$%%hypertrophy%%% independent of the %%%calcineurin%%% pathway.
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ATIMS: Cyclic GMP (cGMP)-specific phosphodiesterase 5 (PDEL) inhibition by
sildenafil (SIL) activates myocardial cGMP-dependent protein kinase G (PKG)

Q Q

and blunts cardiac %%%hypertrophyv%%%. To date, the only documented target

Q

of PKG in myocardium is the serine-threonine phosphatase %$%%calcineurin%%%
(Cn), which i1s central to pathological cardiac %%%hypertrophy%$%%. We
tested whether Cn suppression 1is necessary in order to observe anti-

$%%hypertrophic%%% effects of SIL. METHODS AND RESULTS: Mice lacking the

Cn—-Abeta subunit (CnAbeta(-/-)) and wild-type (WT) controls were subjected
to transverse aorta constriction (TAC) with or without SIL (200 mg/kg/day,
p.o.) for 3 weeks. TAC-induced elevation of Cn expression and activity in

WT was absent in CnAbeta(-/-) hearts, and the latter accordingly developed
less cardiac %%%hypertrophy%%% (50 vs. 100% increase in heart weight/tibia
length, P < 0.03) and chamber dilation. SIL remained effective in
CnAbeta(-/-) mice, increasing PKG activity similarly as in WI, suppressing
$%%hypertrophy%%% and fetal gene expression, and enhancing heart function
without altering afterload. TAC-stimulated calcium-calmodulin kinase ITI,
Akt, and glycogen synthase kinase 3beta in both groups (the first rising
more in CnAbeta(-/-) hearts), and SIL also suppressed these similarly.
Activation of extracellular %%%signal%%% -regulated kinase observed in
WT-TAC but not CnAbeta(-/-) hearts was also suppressed by SIL. CONCLUSION:
PDEbA inhibition and its accompanying PKG activation blunt
$%%hypertrophy%%% and improve heart function even without Cn activation.
This occurs by its modulation of several alternative pathways which may
result from concomitant distal targeting, or activity against a common
proximal node.
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AIMS: Prostaglandin E(2) (PGE(2)) has been shown to mediate
anti-ischaemic effects and cardiomyocyte $%$%%hypertrophy%%% and there is
evidence for an involvement of the prostaglandin EP(3)-receptor subtype.
This study focuses on the EP(3)-mediated %%%hypertrophic%%% action and
investigates intracellular signalling pathways of the EP(3)-receptor
subtype in the murine heart. METHODS AND RESULTS: Cardiac function was
analyzed in vivo by magnetic resonance imaging (MRI) in transgenic (tg)
mice with cardio-specific overexpression of the EP(3) receptor in
comparison with wild-type (wt) mice. Left ventricular (LV) function was
determined in isolated ©perfused hearts subjected to 60 min of zero-flow
ischaemia and 45 min of reperfusion. %%%Calcineurin%%% activity and
$%%nuclear%$%s activity of %%%nuclear%%% factor of activated T-cells (NFAT)
were determined by a modified malachite green assay and ELISA,
respectively. Extracellular matrix compounds were analyzed by RT-PCR and

histology. MRI indicated a significant increase 1in end-diastolic and

end-systolic wvolume in tg hearts. LV ejection fraction was severely
decreased in tg hearts while the relative LV mass was significantly
increased. In Langendorff perfused hearts, EP(3)-receptor overexpression
resulted 1in a marked Dblunting of the ischaemia-induced increase in LV
end-diastolic pressure and creatine kinase release. Analysis of
EP(3)-receptor-mediated signalling revealed significantly increased

Q Q Q

$%%calcineurin%%% activity and %%%nuclear%%% activity of NFAT in tg hearts.
Moreover, elevated mRNA levels of collagen types I and III as well as the
collagen-binding proteoglycans biglycan and decorin were detected in tg
hearts. CONCLUSION: EP(3)-receptor-mediated signalling results in a
significant anti-ischaemic action and activation of the pro-—
$%%hypertrophic%$%% %$%%calcineurin%%% signalling pathway, suggesting the
involvement of the EP(3) subtype in both PGE(2)-mediated cardioprotection
as well as cardiac %$%%hypertrophy%%%.
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Regulators of skeletal muscle mass are of interest, given the morbidity
and mortality of muscle atrophy and myopathy. Four-and-a-half LIM protein 1
(FHL1) is mutated 1in several human myopathies, including reducing-body
myopathy (RBM). The normal function of FHL1 in muscle and how it causes
myopathy remains unknown. We find that FHL1 transgenic expression in mouse
skeletal muscle promotes $%%hypertrophy%%% and an oxidative fiber-type
switch, leading to increased whole-body strength and fatigue resistance.
Additionally, FHL1 overexpression enhances myoblast fusion, resulting in
$%hypertrophic%%% myotubes in C2Cl2 cells, (a phenotype rescued by
$%calcineurin%%% inhibition). In FHL1-RBM C2Cl2 <cells, there are no
$%hypertrophic% myotubes. FHL1 binds with the %%%calcineurin%%%
-regulated transcription factor NFATcl (%%%nuclear%$%% factor of activated T
cells, cytoplasmic, $%%calcineurin%%% —-dependent 1), enhancing NFATcl
transcriptional activity. Mutant RBM-FHL1 forms aggregate bodies in C2C12
cells, sequestering NFATcl and resulting in reduced NFAT %%%nuclear%%%
translocation and transcriptional activity. NFATcl also colocalizes with
mutant FHL1 to reducing bodies in RBM-afflicted skeletal muscle. Therefore,
via NFATcl signaling regulation, FHL1 appears to modulate muscle mass and
strength enhancement.
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Activation of Na+/H+ exchanger 1 is sufficient to generate Ca2+ signals
that induce cardiac %%%hypertrophy%%% and heart failure.
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Activation of the sarcolemmal Na(+)/H(+) exchanger (NHE)1l is increasingly
documented as a process involved in cardiac %$%%hypertrophy%%% and heart
failure. However, whether NHE1l activation alone is sufficient to induce
such remodeling remains unknown. We generated transgenic mice that
overexpress a human NHEl with high activity in hearts. The hearts of these
mice developed cardiac %$%%hypertrophy%$%% , contractile dysfunction, and



heart failure. 1In isolated transgenic myocytes, intracellular pH was
elevated in Hepes buffer but not in physiological bicarbonate buffer, vyet

intracellular ©Na(+) concentrations were higher under both conditions. In
addition, both diastolic and systolic Ca(2+) levels were increased as a
consequence of Na(+)-induced Ca(2+) overload; this was accompanied by

enhanced sarcoplasmic reticulum Ca(2+) loading via Ca(2+)/calmodulin-depend
ent protein kinase (CaMK)II-dependent phosphorylation of phospholamban.
Negative force-frequency dependence was observed with preservation of high
Ca(2+), suggesting a decrease in myofibril Ca(2+) sensitivity. Furthermore,
the Ca(2+)-dependent prohypertrophic molecules %%%calcineurin%%% and CaMKII
were highly activated in transgenic hearts. These effects observed in vivo
and 1in wvitro were largely prevented by the NHEl inhibitor cariporide.
Interestingly, overexpression of NHEl in neonatal rat ventricular myocytes

induced cariporide-sensitive $%%nuclear%s%s translocation of NFAT (
$%%nuclear%%% factor of activated T cells) and %%%nuclear%$%% export of
histone deacetylase 4, suggesting that increased Na(+)/H(+) exchange
activity can alter %%%hypertrophy%%$%—associated gene expression. However,
in transgenic myocytes, contrary to exclusive translocation of histone
deacetylase 4, NFAT only partially translocated to %%%nucleus%$%%, possibly
because of marked activation of p38, a negative regulator of NFAT

signaling. We conclude that activation of NHE1l is sufficient to initiate
cardiac $%$%%hypertrophy%$%% and heart failure mainly through activation of
CaMKII-histone deacetylase pathway.
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Activation of peroxisome proliferator-activated receptor gamma inhibits
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Peroxisome proliferator-activated receptor gamma (PPAR-gamma) has been

Q

described as a negative regulator of cardiac %$%%hypertrophy%$%%. A better

Q Q

understanding of PPAR-gamma and cardiac %%%hypertrophy%%% may facilitate
the development of novel therapeutic strategies to treat heart diseases
related to cardiac %$%%hypertrophy%$%% by mimicking the naturally preferred
mechanisms. In the present study, we investigated the interaction between

PPAR-gamma and %%%calcineurin%%%/%%%nuclear%$%% factor of activated T-cells
(NFAT) in endothelin-1 (ET-1)-induced $%%%hypertrophy%%% of neonatal rat



cardiac myocytes. The results suggest that the treatment of cultured
cardiac myocytes with a PPAR-gamma ligand, rosiglitazone, inhibited the
ET-1-induced increase in protein synthesis, surface area, %%%calcineurin%%$%
enzymatic activity, and protein expression. Both the application of
rosiglitazone and overexpression of the PPAR-gamma inhibited the
$%%nuclear%%% translocation of NFATc4. Moreover, co-immunoprecipitation
studies showed that rosiglitazone enhanced the association between

Q

PPAR-gamma and $%%calcineurin%%% /NFAT. These results suggest that
ET-1-induced cardiac $%%%hypertrophy%%% is inhibited by activation of
PPAR-gamma, which is at least partly due to cross-talk between PPAR-gamma
and %$%%calcineurin%%$%/NFAT.

Record Date Created: 20080923

Record Date Completed: 20081216

Date of Electronic Publication: 20080704

2/7/24 (Item 24 from file: 154)
DIALOG(R)File 154:MEDLINE (R)
(c) format only 2010 Dialog. All rts. reserv.

18695362 PMID: 18456728

A novel signaling pathway of ADP-ribosyl c¢yclase activation by
angiotensin II in adult rat cardiomyocytes.

Gul Rukhsana; Kim Seon-Young; Park Kwang-Hyun; Kim Byung-Ju; Kim Se-Jin;
Im Mie-Jae; Kim Uh-Hyun

Dept. of Biochemistry, Chonbuk National Univ. Medical School, Keum-am
dong, Jeonju, 561-182, Republic of Korea.

American journal of physiology. Heart and circulatory physiology (United
States) Jul 2008, 295 (1) pH77-88, ISSN 0363-6135--Print 0363-6135--
Linking Journal Code: 100901228

Publishing Model Print-Electronic; Erratum in Am J Physiol Heart Circ
Physiol. 2008 Nov;295(5):H2220

Document type: Journal Article; Research Support, Non-U.S. Gov't

Languages: ENGLISH

Main Citation Owner: NLM

Record type: MEDLINE; Completed

ADP-ribosyl cyclase (ADPR-cyclase) produces a Ca(2+)-mobilizing second
messenger, cADP-ribose (cADPR), from NAD(+). In this study, we investigated
the molecular basis of ADPR-cyclase activation in the ANG II signaling
pathway and cellular responses 1in adult rat cardiomyocytes. The results
showed that ANG II generated biphasic intracellular Ca(2+) concentration
increases that include a rapid transient Ca(2+) elevation via inositol
trisphosphate (IP(3)) receptor and sustained Ca(2+) rise via the activation
of L-type Ca(2+) channel and opening of ryanodine receptor. ANG II-induced
sustained Ca(2+) rise was blocked by a cADPR antagonistic analog,
8—-bromo-cADPR, indicating that sustained Ca(2+) rise is mediated by cADPR.
Supporting the notion, ADPR-cyclase activity and cADPR production by ANG II
were 1increased in a time-dependent manner. Application of pharmacological
inhibitors and immunological analyses revealed that cADPR formation was
activated by sequential activation of Src, phosphatidylinositol 3-kinase
(PI 3-kinase)/protein kinase B (Akt), phospholipase C (PLC)-gammal, and
IP(3)-mediated Ca(2+) %%%signal%%%. Inhibitors of these signaling molecules
not only completely abolished the ANG II-induced Ca(2+) signals but also
inhibited cADPR formation. Application of the c¢cADPR antagonist and
inhibitors of upstream signaling molecules of ADPR-cyclase inhibited ANG
II-stimulated %%%hypertrophic%%% responses, which include %%%nuclear%%%

translocation of Ca(2+)/%%%calcineurin%%%—-dependent %%%nuclear%%% factor



of activated T cells 3, ©protein expression of transforming growth
factor-betal, and incorporation of [(3)H]leucine in cardiomyocytes. Taken
together, these findings suggest that activation of ADPR-cyclase by ANG II
entails a novel signaling pathway involving sequential activation of Src,
PI 3-kinase/Akt, and PLC-gammal/IP(3) and that the activation of
ADPR-cyclase can lead to cardiac %%%hypertrophy%%%.
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In noncontractile cells, a sustained increase in total cytoplasmic Ca(2+)
concentration is typically needed to activate the intracellular protein
phosphatase $%%calcineurin%%% leading to dephosphorylation of the

Q

14

transcription factor %%%nuclear%%% factor of activated T cells (NFAT), its
$%%nuclear%%% translocation, and induction of gene expression. It remains a
mystery exactly how Ca(2+)-dependent signaling pathways, such as that
mediated by $%$%%calcineurin%%% —-NFAT, are regulated in contracting cardiac
myocytes given the highly specialized manner in which Ca(2+) concentration
rhythmically cycles in excitation-contraction coupling. Here, we critically
review evidence that supports the hypothesis that %%%calcineurin$%$$%%-NFAT
signaling is regulated by contractile Ca(2+) transients in cardiac
myocytes.
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Evidences suggest that lipopolysaccharide (LPS) participates in the
inflammatory response in the cardiovascular system; however, it is unknown
if LPS is sufficient to cause the cardiac %%%hypertrophy%$%%. In the present
study, we treated HY9c2Z myocardiac cells with LPS to explore whether LPS

Q

causes cardiac %$%$%hypertrophy%%%, and to identify the precise molecular and

Q Q

cellular mechanisms behind %%%hypertrophic%$%% responses. Here we show that
LPS challenge induces pathological %%%hypertrophic%$%% responses such as the
increase in cell size, the reorganization of actin filaments, and the

upregulation of %%%hypertrophy%%% markers including atrial natriuretic
peptide (ANP) and B-type natriuretic peptide (BNP) in H9c2 cells. LPS

treatment significantly promotes the activation of GATA-4 and the
$%%nuclear%$%% translocation of NFAT-3, which act as transcription factors
mediating the development of cardiac $%%hypertrophy%%% . After

administration of inhibitors including U0126 (ERK1/2 inhibitor), SB203580
(p38 MAPK inhibitor), SP600125 (JNK1/2 inhibitor), CsA (%%%calcineurin%%%
inhibitor), FK506 (%$%%calcineurin%%% inhibitor), and QNZ (NFkappaB



inhibitor), LPS-induced %%%hypertrophic%$%% characteristic features, such as
increases in cell size, actin fibers, and levels of ANP and BNP, and the
$%%nuclear%$%% localization of NFAT-3 are markedly inhibited only by
$%%calcineurin%%% inhibitors, CsA and FK506. Collectively, these results
suggest that LPS leads to myocardiac $%%shypertrophy%$%% through
$%%calcineurin%%% /NFAT-3 signaling pathway in H9c2 cells. Our findings
further provide a 1link between the LPS-induced inflammatory response and
the $%%calcineurin%%% /NFAT-3 signaling pathway that mediates the
development of cardiac %%%hypertrophy%$%%.
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Calcineurn/%$%%nuclear%$%% factor of the activated T cell (CaN/NFAT)
signaling pathway plays crucial roles in the development of cardiac
$%%hypertrophy%%% , Down's syndrome, and autoimmune diseases in response to
pathological stimuli. The aim of the present study is to get a system-level
understanding on the regulatory mechanism of CaN/NFAT signaling pathway in
consideration of the controversial roles of myocyte—-enriched
$%%calcineurin%%$% interacting proteinl (MCIP1l) for varying stress stimuli.
To this end, we have developed an experimentally validated mathematical
model and carried out computer simulations as well as cell-based
experiments. Quantitative overexpression and knock-down experiments in
cz2C12 myoblasts have revealed that MCIP1 functions only as a
$%%calcineurin%%% inhibitor. We have also observed a biphasic response of
the NFAT activity with increasing stimuli of isoproterenol. Through
extensive 1n silico simulations, we have discovered that the NFAT activity
is primarily modulated by ERK5 and MCIP1l under mild isoproterenol stimuli
whereas it is mainly modulated by atroginl (muscle atrophy F-box protein)
under strong isoproterenol stimuli. This study shows that a system-level
analysis may help understanding CaN/NFAT signaling-associated disease.
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Cardiac cell $%$%%hypertrophy%%% in vitro: role of %%%calcineurin%%%/NFAT
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Various conditions were used to investigate the importance of Ca2Z2+
signaling in triggering %%$%$hypertrophy%%% in neonatal rat cardiomyocytes in
vitro. An increase in cell size and sarcomere reorganization were induced
not only by treatment with receptor agonists, such as angiotensin II,
aldosterone, and norepinephrine, but also by a small depolarization caused
by an increase in the KCl concentration of the medium. This latter

treatment has no direct effects on receptor signaling. All these
$%%hypertrophic%%% treatments caused a long-lasting increase 1in the
frequency of spontaneous [Ca2+] oscillations, causing $%%%nuclear%%%
translocation of transfected NFAT (GFP). Cyclosporine A inhibited
$%%hypertrophy%%% and NFAT translocation, but not the increased oscillation

Q

14
frequency. We propose here that %%%calcineurin%%% —-NFAT can act as
integrators of the Ca2+ %%%signal%%% and can decode alterations in the
frequency even of very rapid Ca2+ oscillations.
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PICOT (protein kinase C-interacting cousin of thioredoxin) was previously
shown to inhibit pressure overload-induced cardiac %%%hypertrophy%%%,
concomitant with an increase 1in ventricular function and cardiomyocyte
contractility. The combined analyses of glutathione S-transferase pull-down
experiments and mass spectrometry enabled us to determine that PICOT
directly interacts with muscle LIM protein (MLP) via its carboxyl-terminal
half (PICOT-C). It was also shown that PICOT colocalizes with MLP in the
Z-disc. MLP 1is known to play a role in anchoring %$%%calcineurin%%% to the
Zz—disc in the sarcomere, which is critical for %%%calcineurin$%$%%$—-NFAT (
$%%nuclear%%% factor of activated T cells) signaling. We, therefore,
suggested that PICOT may affect %%%calcineurin%$%%-NFAT signaling through
its interaction with MLP. Consistent with this hypothesis, PICOT, or more

specifically PICOT-C, abrogated phenylephrine-induced increases in
$%%calcineurin%%% phosphatase activity, NFAT dephosphorylation/
$%%nuclear%$%% translocation, and NFAT-dependent transcriptional activation
in neonatal cardiomyocytes. In addition, pressure overload-induced

upregulation of NFAT target genes was significantly diminished in the
hearts of PICOT-overexpressing transgenic mice. PICOT interfered with MLP-
$%%calcineurin%%% interactions 1in a dose-dependent manner. Moreover,
$%%calcineurin%%% was displaced from the Z-disc, concomitant with an

Q Q

abrogated interaction between %%%calcineurin%%% and MLP, in the hearts of

Q

PICOT transgenic mice. Replenishment of MLP restored the %%%hypertrophic%%%
responses and the increase in %%%calcineurin%%% phosphatase activity that
was 1inhibited by PICOT in phenylephrine-treated cardiomyocytes. Finally,
PICOT-C inhibited cardiac $%$%%hypertrophy%%% to an extent that was
comparable to that of full-length PICOT. Taken together, these data suggest
that PICOT inhibits cardiac $%$%%hypertrophy%%% largely by negatively
regulating %%%calcineurin%%%-NFAT signaling via disruption of the MLP-
$%%calcineurin%%% interaction.
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T-type Ca2+ channels (TICCs) are involved 1in cardiac cell growth and
proliferation 1in cultured cardiomyocytes. Underlying molecular mechanisms
are not well understood. In this study, we investigated the role of TCCs in
$%%signal%%% transduction in cardiac %%%$hypertrophy%%% compared with L-type
Ca2+ channels (LCCs). Cardiomyocytes dissociated from neonatal mouse
ventricles were cultured until stabilization. Cell %$%%hypertrophyv%%% was
induced by reapplication of 1% fatal bovine serum (FBS) following a period
(24 h) of FBS depletion. Cell surface area increased from 862+/-73 microm?2
to 2153+/-131 microm2 by FBS stimulation in control (250+/-1.8%). T-type
Caz+ current (I(CaT)) was inhibited dose-dependently by kurtoxin (KT) and
efonidipine (ED) with IC50 0.07 microM and 3.2 microM, respectively in
whole-cell voltage clamp. On the other hand, 1 microM KT which inhibits
I(CaT) over 90% did not effect on L-type Ca2+ current (I(CalL)). 10 microM
ED had the ability of I(Cal) blockade as well as that of I(CaT) blockade. 3
microM nisoldipine (ND) suppressed I(Cal) by over 80%. The increase in cell
surface area following reapplication of FBS as observed in control
(250+/-1.8%) was significantly reduced in the presence of 1 microM KT
(216+/-1.2%) and virtually abolished in the presence of 10 microM ED
(97+/-0.8%) and 3 microM ND (80+/-1.1%). %%%$Hypertrophy%%% was associated
with an increase in BNP mRNA of 316+/-3.6% in control and this increase was
reduced as well in the presence of 1 microM KT (254+/-1.8%) and almost
abolished in the presence of 10 microM ED (116+/-1.1%) and 3 muM ND
(93+/-0.8%). Immunolabeling showed that translocation of $%$%%nuclear$%%%
factor of activated T cells (NFAT3) into the %%%nucleus%%% in response to
FBS stimulation was markedly inhibited by either KT or ED as well as ND.
$%%Calcineurin%%% phosphatase activity was upregulated 2.2-fold by FBS, but
KT, ED and ND decreased this upregulation (l.7-fold, 0.8-fold, and 0.7-fold
with KT, ED and ND respectively). These results suggest that blockade of
Ca2+ entry into cardiomyocytes via TCCs may block pathophysiological
signaling pathways leading to %%%hypertrophy%%% as well as via LCCs. The
mechanism may be the inhibition of $%%%calcineurin%%% -mediated NFAT3
activation resulting in prevention of its translocation into the
$%%nucleus%s%ss.
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The role of Ca(2+) signaling in triggering %%%hypertrophy%%% was
investigated 1in neonatal rat cardiomyocytes 1in vitro. We show that an
increase in cell size and sarcomere reorganization were elicited by
receptor agonists such as Angiotensin II, aldosterone, and norepinephrine
and by a small rise in medium KCl concentration, a treatment devoid of
direct effects on receptor functions. All these treatments increased the



frequency of spontaneous [Ca(2+)] transients, caused $%%%nuclear%%%

translocation of transfected NFAT(GFP), and increased the expression of a
NFAT-sensitive reporter gene. There was no increase in Ca(2+) spark
frequency in the whole <cell or in the perinuclear region under these
conditions. $%$%%Hypertrophy%%% and NFAT translocation but not the increased
frequency of [Ca(2+)] transients were inhibited by the %%%calcineurin%%$%

Q

inhibitor cyclosporine A. $%%%Hypertrophy%%% by the different stimuli was
insensitive to inhibition of myofilament contraction. We concluded that
$%%calcineurin%%%-NFAT can act as integrators of the contractile Ca(2+)
%$%%signal%%%, and that they can decode alterations in the frequency even of
rapid Ca(2+) oscillations.
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Caz+ signalling plays an important role 1in excitation-contraction
coupling and the resultant force output of skeletal muscle. It is also
known to play a crucial role in modulating both short- and long-term muscle

cellular phenotypic adaptations associated with these events. Ca2+
signalling via the Ca2+/calmodulin (CaM) —dependent phosphatase
$%%calcineurin%%% (CnA) and via Ca2+/CaM-dependent kinases, such as CaMKI
and CaMKII, is known to regulate %%%hypertrophic%$%% growth in response to
overload, to direct slow versus fast fibre gene expression, and to
contribute to mitochondrial biogenesis. The CnA- and CaMK-dependent
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regulation of the downstream transcription factors %%%nuclear%%% factor of
activated T «cells (NFAT) and myocyte-specific enhancer factor 2 are known
to activate muscle-specific genes associated with a slower, more oxidative
fibre phenotype. We have also recently shown the expression of utrophin A,
a cytoskeletal protein that accumulates at the neuromuscular junction and
plays a role in maturation of the postsynaptic apparatus, to be regulated
by CnA-NFAT and Ca2+/CaM signalling. This regulation is fibre-type specific
and potentiated by interactions with the transcriptional regulators and
coactivators GA binding protein (also known as %%%nuclear%%% respiratory
factor 2) and peroxisome proliferator-activated receptor-gamma coactivator



1 alpha. Another downstream target of CnA signalling may be myostatin, a
transforming growth factor-beta family member that is a negative regulator
of muscle growth. While the list of the downstream targets of CnA/NFAT- and
Ca2+/CaM-dependent signalling is emerging, the precise interaction of these
pathways with the CaZ2+-independent pathways p38 mitogen-activated protein
kinase, extracellular $%%signal%%% -regulated kinases 1 and 2,
phosphoinositide-3 kinase, and protein kinase B (Akt/PKB) must also be
considered when deciphering fibre responses and plasticity to altered
contractile load. (43 Refs.)
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Cardiac $%$%%hypertrophy%%% is an independent risk factor for heart
failure. Recent studies on gene regulation of proteins have involved

intracellular Ca2+ homeostasis. The Ca2+-sensitive phosphatase,
$%%calcineurin%%%, 1s one potential regulator of the %%%hypertrophic%%%
response, so we aimed to investigate the %%%calcineurin%%$%-dependent

0.0

$%%signal%%% pathway at different stages of %%%hypertrophy%%% in human
myocardium. We found the %%%calcineurin%%% pathway to be significantly
activated in $%%hypertrophic%%% compared with non-%%%hypertrophic%%%

myocardium as demonstrated by increased %%%calcineurin%%% activity and
expression of %$%%calcineurin%%% A-beta and B, and GATA-4, and a shift of

phosphorylated cytoplasmic NFAT-3 into the $%%nucleus%%% as
dephosphorylated %%%nuclear%$%% NFAT-3. There was a tendency for these

changes to be more pronounced in the decompensated compared with the

Q

compensated %%%hypertrophic%%% myocardium. The present study provides
evidence for significant actlvation of the CalZ2+-triggered %%%calcineurin$
pathway in $%%%hypertrophic%%% humans. Already present in compensated
$%%hypertrophy%%% it showed a tendency to a further increase following
transition to decompensated %$%$%hypertrophy%$%%.
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The contractile cells in the heart (the cardiac myocytes) are terminally

differentiated. In response to pathophysiological stresses, cardiac
myocytes undergo $%%hypertrophic%%% growth or apoptosis, responses

associated with the development of cardiac pathologies. There has been much
effort expended 1in gaining an understanding of the stimuli which promote
these responses, and in identifying the intracellular signaling pathways
which are activated and potentially involved. These signaling pathways
presumably modulate gene and protein expression to elicit the end-stage

Q Q

response. For the regulation of gene expression, the %%%signal%%% may
o

traverse the cytoplasm to modulate $%%%nuclear%$%$%—localized transcription
factors as occurs with the mitogen-activated protein kinase or protein

kinase B/Akt cascades. Alternatively, the %%%signal%%% may promote
translocation of transcription factors from the cytoplasm to the

$%%nucleus%$%% as 1s seen with the %$%%calcineurin%%%/NFAT and JAK/STAT
systems. We present an overview of the principal signaling pathways
implicated in the regulation of gene expression in cardiac myocyte
pathophysiology, and summarize the current understanding of these pathways,
the transcription factors they regulate and the changes in gene expression
associated with the development of cardiac pathologies. Finally, we discuss
how intracellular signaling and gene expression may be integrated to elicit
the overall change in cellular phenotype. (93 Refs.)
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Cytoskeletal ©proteins have been implicated in the pathogenesis of
$%%cardiomyopathy%$%% , but how the cytoskeleton influences the
transcriptional alterations associated with adverse cardiac remodeling
remains unclear. Striated muscle activator of Rho signaling (STARS) is a
muscle-specific actin-binding protein localized to the Z disc that
activates serum response factor-dependent (SRF-dependent) transcription by
inducing $%%nuclear%%% translocation of the myocardin-related SRF
coactivators MRTF-A and -B. We show that STARS expression is upregulated in
mouse models of cardiac %$%%hypertrophy%$%% and in failing human hearts. A
conserved region of the STARS promoter containing an essential binding site
for myocyte enhancer factor-2 (MEF2), a stress-responsive transcriptional
activator, mediates cardiac expression of STARS, which in turn activates
SRF target genes. Forced overexpression of STARS in the heart sensitizes
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the heart to pressure overload and %%%calcineurin%%% signaling, resulting



in exaggerated deterioration in cardiac function in response to these
$%%hypertrophic%%% stimuli. These findings suggest that STARS modulates the
responsiveness of the heart to stress signaling by functioning as a
cytoskeletal intermediary between MEF2 and SRF.
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Elevation of the zinc-binding protein metallothionein (MT) in the heart
inhibits doxorubicin (DOX) —-induced myocardial apoptosis and heart
$%%hypertrophy%$%%. Zinc release from MT in response to oxidative stress has
been suggested as a mechanism of action of MT protection from DOX toxicity,

Q

and $%%%calcineurin%%% is involved in the signaling pathways leading to
myocardial apoptosis and heart $%$%hypertrophy%%%. The present study was
undertaken to determine if zinc can modulate the DOX-activated
$%%calcineurin%%% signaling pathway. H9c2 cells were treated with 1 muM
DOX, and zinc release was monitored by a zinc ion-specific fluorophore,
zinquin ethyl ester. Additionally, DOX-activated $%$%%calcineurin%%%

signaling was detected by a %%%calcineurin%%%-dependent %$%$%nuclear%%$
factor of activated T-cell reporter. DOX treatment induced an increase in

intracellular labile =zinc and activated %%%calcineurin%%% signaling.
Pretreatment of HY9c2 «cells with a zinc-specific, membrane-permeable

chelating agent, N,N,N',N'-tetrakis(2-pyridylmethyl)ethylenediamine (TPEN),
inhibited the increase in intracellular 1labile zinc and increased the
DOX-activated %%%calcineurin%%% signaling. Pretreatment of H9c2 cells with
exogenously added zinc attenuated the DOX-activated $%%%calcineurin%%%

signaling in a dose-dependent manner. However, neither TPEN nor addition of

exogenous zinc affected DOX-induced cellular $%$%%hypertrophy%%% or
DOX-induced decrease in cell wviability. Additionally, inhibition of
DOX-induced $%%calcineurin%%% signaling with the %%%calcineurin%%%
inhibitors cyclosporine A or tacrolimus (FK506) failed to restrict the

DOX-induced decrease in cell viability. These results indicate that =zinc
suppresses DOX-induced %%%calcineurin%%% signaling in H9c2 cells; however,
$%%calcineurin%%% signaling is not involved in the DOX-induced decrease in
cell viability in H9c2 cells. (It had been shown previously that

$%%calcineurin%%% is also not necessary for DOX-induced H9c2 cell



$%%shypertrophy.)%%%.
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Recent in vitro studies suggest that adenosine monophosphate
(AMP) -activated protein kinase (AMPK) exerts inhibitory effects on cardiac
$%%hypertrophy%%% . However, it is unclear whether long-term activation of

Q Q

AMPK will affect cardiac %%%hypertrophy%%% in vivo. In these reports, we
investigate the in wvivo effects of long-term AMPK activation on cardiac
$%%hypertrophy%%% and the related molecular mechanisms. To examine the
effects of AMPK activation in the development of pressure overload-induced
cardiac %%%hypertrophy%%% , we administered 5-aminoimidazole 1 carboxamide
ribonucleoside (AICAR, 0.5 mg/g body wt), a specific activator of AMPK, to
rats with transaortic constriction (TAC) for 7 weeks. We found that
long-term AMPK activation attenuated cardiac %%%hypertrophy%%% , and
improved cardiac function in rats subjected to TAC. Furthermore, long-term

Q

AMPK activation attenuated protein synthesis, diminished %%%calcineurin%%%-—

Q Q

$%%nuclear%%% factor of activated T cells (NFAT) and %%%nuclear%$%% factor

kappaB (NF-kappaB) signaling in pressure overload-induced
$%%hypertrophic%%% hearts. Our i1in vitro experiments further proved that

activation of AMPK by infection of AdAMPK blocked cardiac %$%$%hypertrophyv%%%

and NFAT, NF-kappaB, and MAPK %%%signal%%% pathways. The present study
demonstrates for the first time that pharmacological activation of AMPK

inhibits cardiac $%%hypertrophy%%% in through blocking signaling
transduction pathways that are involved in cardiac growth. It presents a
potential therapy strategy to inhibit pathological cardiac

$%%hypertrophy%%% by increasing the activity of AMPK. c¢ 2007 Wiley-Liss,
Inc.
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The heart responds to injury and chronic pressure overload by pathologic
growth and remodeling, which frequently result in heart failure and sudden
death. Calcium-dependent signaling pathways promote cardiac growth and
associated changes in gene expression 1in response to stress. The
calcium/calmodulin-dependent phosphatase %%%calcineurin%%%, which signals
to %%%nuclear%%% factor of activated T cells (NFAT) transcription factors,
serves as a transducer of calcium signals and is sufficient and necessary
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for pathologic cardiac %%%hypertrophy%%% and remodeling. Transient receptor

potential (TRP) proteins regulate cation entry into cells in response to a
variety of signals, and in skeletal muscle, expression of TRP cation
channel, subfamily C, member 3 (TRPC3) is increased 1in response to

0.0 0 0.0 0

neurostimulation and $%%%calcineurin%%% signaling. Here we show that TRPC6
was upregulated in mouse hearts in response to activated %%%calcineurin%$%%
and pressure overload, as well as in failing human hearts. Two conserved
NFAT consensus sites 1in the promoter of the TRPC6 gene conferred
responsiveness to cardiac stress. Cardiac-specific overexpression of TRPC6b
in transgenic mice resulted in heightened sensitivity to stress, a
propensity for lethal cardiac growth and heart failure, and an increase in
NFAT-dependent expression of beta-myosin heavy chain, a sensitive marker
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for pathologic %$%%hypertrophy%%% . These findings implicate TRPC6 as a
positive regulator of %%%calcineurin%%%-NFAT signaling and a key component
of a calcium-dependent regulatory loop that drives pathologic cardiac
remodeling.
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Canonical transient receptor potential channels promote cardiomyocyte
$%%hypertrophy%%% through activation of %%%calcineurin%%% signaling.
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The calcium/calmodulin-dependent phosphatase %%%calcineurin$%%% plays a

Q Q

central role in the control of cardiomyocyte %$%%hypertrophy%%% in response
to pathological stimuli. Although $%%%calcineurin%%% 1s present at high
levels in normal heart, its activity appears to be unaffected by calcium
during the course of a cardiac cycle. The mechanism(s) whereby
$%%calcineurin%%% 1is selectively activated by calcium under pathological
conditions has remained unclear. Here, we demonstrate that diverse signals
for cardiac $%%hypertrophy%%% stimulate expression of canonical transient
receptor potential (TRPC) channels. TRPC consists of a family of seven
membrane-spanning nonselective cation channels that have been implicated in
the nonvoltage-gated influx of calcium in response to G protein-coupled
receptor signaling, receptor tyrosine kinase signaling, and depletion of
internal calcium stores. TRPC3 expression 1is up-regulated in multiple
rodent models of pathological cardiac %%%hypertrophy%%%, whereas TRPC)H
expression 1s induced in failing human heart. We demonstrate that TRPC
promotes cardiomyocyte $%%hypertrophy%$%% through activation of
$%%calcineurin%%% and its downstream effector, the %%%nuclear%%% factor of
activated T «cells transcription factor. These results define a novel role
for TRPC channels 1in the control of cardiac growth, and suggest that a
TRPC-derived pool of calcium contributes to selective activation of
$%%calcineurin%%% in diseased heart.
Record Date Created: 20061030
Record Date Completed: 20061211

Date of Electronic Publication: 20060901

2/7/41 (Item 41 from file: 154)
DIALOG(R)File 154:MEDLINE (R)
(c) format only 2010 Dialog. All rts. reserv.

17506287 PMID: 17046757

Switching feedback mechanisms realize +the dual role of MCIP in the
regulation of %%%calcineurin%%% activity.

Shin Sung-Young; Choo Sang-Mok; Kim Dongsan; Baek Song Joon; Wolkenhauer
Olaf; Cho Kwang-Hyun

School of Electrical Engineering, University of Ulsan, Ulsan 680-749,
Republic of Korea.

FEBS letters (Netherlands) Oct 30 2006, 580 (25) pb5965-73, ISSN
0014-5793--Print 0014-5793--Linking Journal Code: 0155157

Publishing Model Print-Electronic

Document type: Journal Article; Research Support, Non-U.S. Gov't

Languages: ENGLISH

Main Citation Owner: NLM



Record type: MEDLINE; Completed

$%%Calcineurin%%% (CaN) assists T-cell activation, growth and
differentiation of skeletal and cardiac myocytes, memory, and apoptosis. It
also activates transcription of the %%%nuclear%$%% factor of activated
T-cells (NFAT) family including %$%$%hypertrophic%$%% target genes. It has
been reported that the modulatory %%$%calcineurin%%%-interacting protein
(MCIP) inhibits the CaN activity and thereby reduces the %%%hypertrophic%%%

response. However, it has been shown that MCIP facilitates or permits the

$%%hypertrophic%%% response under some stress conditions such as
isoproterenol infusion or pressure overload by transverse aortic

constriction. As there is no direct experimental evidence that can explain
these paradoxical phenomena, there has been a controversy concerning the
functional role of MCIP in developing the %%$%hypertrophic%%% response. It
is therefore «crucial to establish a hypothesis that can clearly explain
these phenomena. Towards this end, we propose in this paper a hypothesis
that 1is based on available experimental evidence as well as mathematical
modeling and computer simulations. We hypothesize that there is a threshold
in the %%%nuclear%%% NFAT concentration above which MCIP is switched on.
Below this threshold, the inhibition of active CaN by MCIP is negligible,
while the activated protein kinase increases the dissociation rate of the
CaN/MCIP complex. This leads to an augmentation of active CaN. This
mechanism realizes the ©positive effect (i.e., removing any negative
feedback) of MCIP in the %%%hypertrophic%%% response. On the other hand,
the over-expression of active CaN increases %%%nuclear%%% NFAT to values
above the threshold, while CaN is inhibited through binding of MCIP
(expressed by the %%%nuclear%%% NFAT). This mechanism realizes the
introduction of a negative feedback mechanism. To unravel this switching
feedback mechanism, we have developed a mathematical model for which
computer simulations are in agreement with the existing experimental data.
The simulations demonstrate how the apparently paradoxical behavior can
emerge as a result of cellular conditions.
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The +time that transcription factors remain %%%nuclear$%%% is a major
determinant for transcriptional activity. It has recently been demonstrated

Q Q Q

that the phosphatase %%%calcineurin%%% is translocated to the %%%nucleus%%%



with the transcription factor %%%nuclear%%% factor of activated T cells
(NF-AT). This study identifies a %%%nuclear%$%% localization segquence (NLS)
and a 66/nuclear % export %$%%signal%%% (NES) in the sequence of
$%%calcineurin%%%. Furthermore we identified the $%%%nuclear%%% cargo
protein importinbeta(l) to be responsible for $%%%nuclear%%% translocation

of $%%calcineurin%%%. Inhibition of the %%%calcineurin%%% /importin
interaction by a competitive peptide (KQECKIKYSERV), which mimicked the

Q Q Q

$%%calcineurin%%% NLS, prevented %%%nuclear%%$% entry of %%%calcineurin%%%.

A noninhibitory control peptide did not interfere with the
$%%calcineurin%%% /importin binding. Using this approach, we were able to
prevent the development of myocardial %$%%hypertrophy%%%. In angiotensin
IT-stimulated cardiomyocytes, [(3)H]-leucine incorporation (159%+/-9 versus

111%+/-11; P<0.01) and cell size were suppressed significantly by the NLS
peptide compared with a control peptide. The NLS peptide inhibited

$%%calcineurin%%% /NEF-AT transcriptional activity (227%+/-11 wversus
133%+/-8; P<0.01), whereas %%%calcineurin%%% phosphatase activity was
unaffected (298%+/-9 versus 270%+/-11; P=NS) . We conclude that
$%%calcineurin%%% 1is not only capable of dephosphorylating NF-AT, thus
enabling its %%%nuclear%%% import, but the presence of %%%calcineurin%%% in
the $%%nucle %%% is also important for full ©NF-AT transcriptional
activity.

Record Date Created: 20060915
Record Date Completed: 20061012
Date of Electronic Publication: 20060824

2/7/43 (Item 43 from file: 154)
DIALOG(R)File 154:MEDLINE (R)
(c) format only 2010 Dialog. All rts. reserv.

17379895 PMID: 16828070

$%%Calcineurin%%% regulates NFAT-dependent iNOS expression and protection
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OBJECTIVE: To determine the role of %%%calcineurin%%% and Src tyrosine
kinase in the regulation of inducible nitric oxide synthase (iNOS)

expression and protection in cardiomyocytes. METHODS: iNOS expression was
studied in isolated neonatal rat ventricular myocyte cultures in response
to bacterial lipopolysaccharide (LPS) or following transfection with
constitutively active %%%calcineurin%%% or Src and in hearts isolated from
wild-type or calcineruin Abeta knockout mice. Cell injury in response to

simulated ischemia-reperfusion was studied following overexpression of

active $%%calcineurin%%%. Regulation of the 1iNOS gene promoter by
$%%calcineurin%%% was studied wusing promoter-luciferase reporter and

chromatin immunoprecipitation assays. RESULTS: Overexpression of



constitutively active Src co-operated with [Ca2+]c elevation to induce iNOS
expression, and LPS-induced iNOS expression was abrogated by

0.0 0

pharmacological inhibition of $%%%calcineurin%%% or tyrosine kinase. LPS
also induced tyrosine kinase-dependent but %%%calcineurin%%%—-independent
phosphorylation of Src Tyr4l8. LPS induced myocardial iNOS expression in
wild-type but not %%%calcineurin%%% Abeta knockout mice. Overexpression of
constitutively active calcinuerin in isolated cardiomyocytes caused

0.0 0

dephosphorylation and $%%nuclear%$%% accumulation of the ¢l isoform of
$%%nuclear%%% factor of activated T-cells (NFATcl), induced strong iNOS
expression, and induced NOS—-dependent protection against simulated
ischemia-reperfusion prior to cardiomyocyte $%%hypertrophy%$%%

Co-transfection of a mouse iNOS promoter-luciferase reporter in combination

0.0 0 0.0 0

with active $%$%%calcineurin%%% and wild-type or dominant negative Src

0.0 0 0.0 0

confirmed that constitutive activation of %%%calcineurin%%% was sufficient

for transactivation. Chromatin immunoprecipitation confirmed
$%%calcineurin%%% —-dependent in +wvivo binding of NFATcl to consensus sites
within the iNOS promoter. CONCLUSIONS: These results support a

0.0 0

cardioprotective role for %$%%calcineurin%%% mediated by NFAT-dependent
induction of 1iNOS expression and co-operativity between %%%calcineurin%%%
and Src.
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The manner 1in which CaZ2+-sensitive signaling proteins are activated in
contracting cardiomyocytes is an intriguing theoretical problem given that
the cytoplasm is continually bathed with systolic Ca2+ concentrations that
should maximally activate most Ca2+-sensitive signaling kinases and
phosphatases. Store-operated Caz2+ entry, partially attributed to transient
receptor potential (TRP) proteins, can mediate activation of the
Ca2+-sensitive phosphatase %$%%calcineurin%%% in nonexcitable cells. Here we
investigated the gain-of-function phenotype associated with TRPC3
expression 1in the mouse heart using transgenesis to examine the potential

0.0 0 0.0 0

role of store-operated Caz2+ entry in regulating cardiac %%%calcineurin%%%

0.0 0 0.0 0

activation and ensuing $%%%hypertrophy%%%/myopathy. Adult myocytes isolated
from TRPC3 transgenic mice showed abundant store-operated Ca2+ entry that
was 1inhibited with SKF96365 but not verapamil or KB-R7943. Associated with
this induction i1in store-operated Ca2+ entry, TRPC3 transgenic mice showed

0.0 0 0.0 0

increased %%%calcineurin%%%—-%%%nuclear%$%% factor of activated T cells

0.0 0

(NFAT) activation in vivo, $%%cardiomyopathy%$%%, and increased

0.0 0

$%%shypertrophyv%%% after neuroendocrine agonist or pressure overload

0.0 0

stimulation. The $%%cardiomyopathic%%% phenotype and increased

0.0 0 0.0 0

$%%hypertrophy%%% after pressure overload stimulation were Dblocked by

Q

targeted disruption of the $%%%calcineurin%%% Abeta gene. Thus, enhanced

0.0 0

store-operated Ca2+ entry in the heart can regulate %$%%calcineurin%%$%$-NFAT

0.0 0 0.0 0

signaling in wvivo, which could secondarily impact the %%%$hypertrophic%%%
response and %$%$%cardiomyopathy%%%.
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MEF2 activates a genetic program promoting chamber dilation and
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contractile dysfunction in %%%calcineurin%%%-induced heart failure.
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BACKGROUND: $%%%Hypertrophic%$%% growth, a risk factor for mortality in
heart disease, 1s driven by reprogramming of cardiac gene expression.
Although the transcription factor myocyte enhancer factor-2 (MEF2) is a
common end point for several %%%hypertrophic%%% pathways, its precise
cardiac gene targets and function in cardiac remodeling remain to be
elucidated. METHODS AND RESULTS: We report the existence of synergistic
interactions between the %%%nuclear%%% factor of activated T cells and MEF2
transcription factors triggered by %%%calcineurin%%% signaling. To
circumvent the embryonic lethality and mitochondrial deficiency associated
with germ-line null mutations for MEF2C and MEF2A respectively, we used
conditional transgenesis to express a dominant-negative form of MEF2 in the
murine postnatal heart and combined this with magnetic resonance imaging to
assess MEF2 transcriptional function in Ca2+/%%%calcineurin%$%%$—-induced
cardiac remodeling. Surprisingly, end-diastolic and end-systolic
ventricular dimensions and contractility were normalized in the presence of

Q

severely %$%$%hypertrophied%%% left ventricular walls on MEF2 inhibition in
$%%calcineurin%%% transgenic mice. In line, we generated lines of
transgenic mice expressing MEFZ2A in the heart, which displayed primarily
chamber dilation. Microarray profiling indicated that MEF2 promotes a gene
profile functioning primarily to or at the %%%nucleus%%%, cytoskeletal and
microtubular networks, and mitochondria. CONCLUSIONS: These findings assign
a novel function to MEF2 transcription factors in the postnatal heart,
where they activate a genetic program that minimally affects cardiac growth
yet promotes chamber dilation, mechanical dysfunction, and dilated
$%%cardiomyopathy%$%%.
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Following its production by adenylyl cyclases, the second messenger cAMP
is in involved in pleiotrophic %%%signal%%% transduction. The effectors of
cAMP include the cAMP-dependent protein kinase (PKA), the guanine
$%%nucleotide%%% exchange factor Epac (exchange protein activated by cAMP),
and cAMP-dependent ion channels. In turn, cAMP signaling is attenuated by
phosphodiesterase-catalyzed degradation. The association of cAMP effectors
and the enzymes that regulate cAMP concentration into signaling complexes
helps to explain the differential signaling initiated by members of the
G(s)-protein coupled receptor family. The %%%signal%%% transduction complex
formed by the scaffold protein mAKAP (muscle A kinase—anchoring protein) at
the %%%nuclear%%% envelope of both striated myocytes and neurons contains
three cAMP-binding proteins, PKA, Epacl, and the phosphodiesterase PDE4D3.
In addition, the mAKAP complex also contains components of the ERKS MAP
kinase signaling pathway, the calcium release channel ryanodine receptor
and the phosphatases PP2A as well as %%%calcineurin%%%. Analysis of the
mAKAP complex illustrates how a macromolecular complex can serve as a node
in the intracellular signaling network of cardiac myocytes to integrate
multiple cAMP signals with those of calcium and MAP kinases to regulate the
$%%hypertrophic%%% actions of several hormones. (32 Refs.)
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The calcium-activated phosphatase $%$%%calcineurin%%% is regulated by a
binding cofactor known as modulatory %%$%calcineurin%%%-interacting protein
(MCIP) in vyeast up through mammals. The physiologic function of MCIP
remains an area of ongoing investigation, because both positive and
negative $%%%calcineurin%%% regulatory effects have been reported. Here we
disrupted the mcipl and mcip2 genes in the mouse and provide multiple lines
of evidence that endogenous MCIP functions as a %%%calcineurin%%%
facilitator in vivo. Mouse embryonic fibroblasts deficient in both mcipl/2
showed impaired activation of %$%%nuclear%$%% factor of activated T cells
(NFAT), suggesting that MCIP is required for efficient %$%%calcineurin%%%
-NFAT coupling. Mice deficient in mcipl/2 showed a dramatic impairment in

0.0 0

cardiac $%$%%hypertrophy%$%% induced by pressure overload, neuroendocrine

0.0 0

stimulation, or exercise, similar to mice lacking %%%calcineurin%%% Abeta.

Moreover, simultaneous deletion of %%%calcineurin%%% Abeta 1in the
mcipl/2-null Dbackground did not rescue impaired $%$%%hypertrophic%$%$%$ growth
after pressure overload. Slow/oxidative fiber-type switching in skeletal

muscle after exercise stimulation was also impaired in mcipl/2 mice,

0.0 0

similar to %%%calcineurin%%% Abeta-null mice. Moreover, CD4(+) T cells from
mcipl/2-null mice showed enhanced apoptosis that was further increased by

0.0 0

loss of %%%calcineurin%%% Abeta. Finally, mcipl/2-null mice displayed a



0.0 0 0.0 0

neurologic phenotype that was similar to %$%$%calcineurin%%% Abeta-null mice,
such as increased locomotor activity and impaired working memory. Thus, a
loss—-of-function analysis suggests that MCIPs serve either a permissive or
facilitative function for %%%calcineurin$%$%%-NFAT signaling in vivo.
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The calcium-calmodulin-activated protein phosphatase %%%calcineurin%%%
functions as a key mediator of diverse biologic processes, including
differentiation, apoptosis, growth, and adaptive responses, in part through

0.0 0 0.0 0

dephosphorylation and activation of %%%nuclear%%% factor of activated
T-cell (NFAT) transcription factors. Apoptosis $%$%%signal%$%$%$-regulating
kinase 1 (ASKl) is an upstream component of the mitogen-activated protein
kinases that =serves as a pivotal regulator of cytokine-, oxidative-, and
stress—induced cell death. Here, we performed a yeast two-hybrid screen

0.0 0 0.0 0

with %%%calcineurin%%% B as Dbait, which identified ASKl as a direct
physical interacting partner. The C-terminal 218 amino acids of ASKl were

0.0 0 0.0 0

sufficient to mediate interaction with %%%calcineurin%%% B in yeast, as
well as in mammalian cell lysates. Importantly, endogenous calcium binding
B subunit (CnB) protein interacted with endogenous ASKl protein in
cardiomyocytes at baseline, suggesting that the interaction observed in

0.0 0

yeast was of potential biologic relevance. Indeed, %%%calcineurin%%%
directly dephosphorylated ASKl at serine 967 using purified proteins or
mammalian cell lysates. Dephosphorylation of ASK1l serine 967 Dby

0.0 0 0.0 0

$%%calcineurin%%% promoted its disassociation from 14-3-3 proteins,

0.0 0

resulting in ASK1l activation. %%%Calcineurin%%% and ASK]l cooperatively
enhanced cardiomyocyte apoptosis, while expression of a dominant negative
ASK1 blocked $%%calcineurin%%% -—induced apoptosis. Mouse embryonic
fibroblasts deficient in askl were also partially resistant to

0.0 0

$%%calcineurin%%$%— or ionomycin-induced apoptosis. Finally, ASKl negatively

0.0 0

regulated $%%calcineurin%%% -NFAT signaling indirectly through c¢-Jun
NH2-terminal kinase (JNK)- and p38-mediated phosphorylation of NFAT, which

blocked %%%calcineurin%%%- and agonist-dependent %%%hypertrophic%$%% growth

0.0 0

of cardiomyocytes. Thus, ASKl and %%%calcineurin%%% —-NFAT constitute a
feedback regulatory circuit in which %%%calcineurin%%% positively regulates



ASK1 through direct dephosphorylation, while ASKl negatively regulates
$%%calcineurin%%% -NFAT signaling through p38- and JNK-mediated NFAT
phosphorylation.
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The activation of the %%%calcineurin%%$%—-%%%nuclear%$%% factor of activated
T cells cascade during the development of pressure-overload cardiac

Q

$%%hypertrophy%%% has been previously reported in a number of studies. In
addition, numerous pharmacological studies involving $%$%%calcineurin%%%
inhibitors such as FKb06 and cyclosporine A have now demonstrated that

Q Q

these agents can prevent such %$%%hypertrophic%$%% responses in the heart.
However, little 1is known regarding the roles of the %%%calcineurin%%%
downstream effector--%%%nuclear%%% factor of activated T <cells. Our

Q

present study has further examined the roles of %%%nuclear%%% factor of

Q

activated T cells 1in ©pressure-overload cardiac %$%$%$hypertrophy%%% by
employing a recently developed cell-permeable $%$%%nuclear%%% factor of
activated T cells inhibitor peptide. Rat hearts were subjected to pressure
overload attributable by 4 weeks of aortic banding, and then treated with
this cell-permeable %%%nuclear%%% factor of activated T cells inhibitor
peptide and a control peptide. Treatment with the inhibitor was found to
significantly decrease the heart weight/body weight ratio, the size of
cardiac myocytes, and the serum brain natriuretic peptide and atrial
natriuretic peptide levels. These results suggest that %%%nuclear%%%$ factor
of activated T cells functions in a key role in the development of cardiac
$%%hypertrophy%%% during pressure overload. Inhibition of %%%nuclear%%%
factor of activated T cells by a specific inhibitor peptide is a suitable
method for characterization of the molecular mechanisms underlying cardiac
$%%hypertrophy%%% as well as in the search for new promising therapies for
disease.
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Role of %%%calcineurin%%% in Porphyromonas gingivalis-induced myocardial
cell $%%hypertrophy%$%% and apoptosis.
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BACKGROUND AND OBJECTIVE: Periodontal pathogen Porphyromonas gingivalis
(P. gingivalis) increased cardiomyocyte %%%hypertrophy%%% and apoptosis
whereas Actinobaeillus actinomycetemcomitans and Prevotella intermedia had
no effects. The purpose of this study 1s to clarify the role of

$%%calcineurin%%% signaling pathway in P. gingivalis—-induced H9c2
myocardial cell $%%hypertrophy%$%% and apoptosis. METHODS : DNA
fragmentation, $%%nuclearsss condensation, cellular morphology,
$%%calcineurin%%% protein, Bcl2-associated death promoter (Bad) and

$%%nuclear%%% factor of activated T «cell (NFAT)-3 protein products in
cultured H9c2 myocardial cell were measured by agarose gel electrophoresis,
DAPI, immunofluorescence, and Western blotting following P. gingivalis
and/or pre—-administration of CsA (%%%calcineurin%%% inhibitors cyclosporin

Q

A). RESULTS: P. gingivalis not only increased %%%calcineurin%%% protein,

Q

NFAT-3 protein products and cellular %%$%$hypertrophy%$%%, but also increased

Q

DNA fragmentation, %%%nuclear%%% condensation and Bad protein products in
H9c2 cells. The increased cellular sizes, DNA fragmentation, %%%nuclear%$%%
condensation, and Bad of H9c2 cells treated with P. gingivalis were all
significantly reduced after pre-administration of CsA. CONCLUSION: Our
findings suggest that the activity of $%%%calcineurin%%% %$%%signal%%%
pathway may be initiated by P. gingivalis and further lead to cell
$%%hypertrophy%%% and death in culture H9c2 myocardial cells.
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$%%Calcineurin%%% 1is a serine/threonine protein phosphatase that plays a
critical role 1in many physiologic processes such as T-cell activation,

skeletal myocyte differentiation, and cardiac %%%hypertrophy%%%s . We
previously showed that active MEKK3 is capable of stimulating
$%%calcineurin%%%/%%%nuclear%%s factor of activated T-cells (NFAT)
signaling in cardiac myocytes through phosphorylation of modulatory
$%%calcineurin%%% —-interacting protein 1 (MCIPl). However, the protein

kinases that function downstream of MEKK3 to mediate MCIP1l phosphorylation
and the mechanism of MCIPl-mediated %%%calcineurin%%% regulation have not
been defined. Here, we show that MEK5 and big MAP kinase 1 (BMK1l) function
downstream of MEKK3 in a signaling cascade that induces %%%calcineurin%%$%
activity through phosphorylation of MCIP1l. Genetic studies showed that
BMKl-deficient mouse lung fibroblasts failed to mediate MCIP1
phosphorylation and activate %%%calcineurin%%% /NFAT in response to
angiotensin II, a potent NFAT activator. Conversely, restoring BMK1l to the

deficient cells restored angiotensin II-mediated $%$%%calcineurin%$%$%/NFAT

activation. Thus, using BMKl-deficient mouse lung fibroblast cells, we
provided the genetic evidence that BMK1 1is required for angiotensin
II-mediated $%%calcineurin%%% /NFAT activation through MICP1
phosphorylation. Finally, we discovered that phosphorylated MCIP1
dissociates from %%%calcineurin%%% and binds with 14-3-3, thereby relieving
its inhibitory effect on %%%calcineurin%%% activity. In summary, our
findings reveal a previously wunrecognized essential regulatory role of

Q Q

mitogen—-activated protein kinase signaling in %%%calcineurin%%% activation
through the reversible phosphorylation of a %%%calcineurin%%$%$-interacting
protein, MCIP1.
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Activation of the $%$%%calcineurin%%% signaling pathway induces atrial
$%%hypertrophy%%% during atrial fibrillation.
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Atrial tachyarrhythmia (AF) alters intracellular calcium homeostasis and
induces cellular %%%hypertrophy%%% of atrial myocytes. The impact of the
calcium-dependent $%%calcineurin%%% pathway on the development of
AF-induced atrial $%%hypertrophy%%% has not vyet been analyzed. In this



study, atrial tissue samples from patients with sinus rhythm and chronic
persistent atrial fibrillation (CAF) were used to determine changes in

Q

expression and activity of %$%%calcineurin% A (CnA), and its relation to

CnA-regulated transcription factors NFATC1—4, and $%%%hypertrophic%%%
markers ANP, troponin I, and beta-MHC. CnA phosphatase activity and CnAbeta

protein ontents were significantly upregulated in patients with CAF.
$%%Calcineurin%%% activation led to dephosphorylation, redistribution, and
subsequent accumulation of NFATc3 in $%%%nuclei%$%$% during CAF, and

Q Q

expression of %%%hypertrophic%$%% genes was increased. CAF-dependent changes
were reproduced by ex vivo pacing (2-4 Hz) of human atrial tissue slices.
FK506 abolished the %%$%hypertrophic%%% response induced by electrical-field

Q

stimulation. Atrial tachyarrhythmia causes atrial $%$%%hypertrophy%%% by
activation of the CnA %%%signal%%% pathway, which thereby contribut to
structural remodeling of human atria.
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BACKGROUND AND PURPOSE: Many studies have shown that L-type calcium
channel Dblockers can prevent and treat right ventricular $%$%%hypertrophy%%%
(RVH) . In order to identify the mechanism, we investigated the role of the
$%%calcineurin%%% %%%signal%%% pathway in the progression of RVH induced by
chronic hypox1a and the effects of an L-type calcium channel blocker on the
pathway. METHODS: Rats were allocated to 1 of 3 groups (n=10 for each):
chronic hypoxia group, amlodipine treatment group (30 mg/kg/day,
administered wvia gavage); and control group. Rats 1in the amlodipine
treatment group and the chronic hypoxia group were exposed to normobaric
chronic hypoxia (9.5%-10.5% oxygen). We investigated the changes of right
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ventricle (RV) to left wventricle (LV) and interventricular septum (S)
weight ratio [RV/ (LV+S)], RV to body weight (BW) ratio (RV/BW),
$%%calcineurin%%% A beta (CnAbeta) mRNA levels, cardiac myosin heavy chain
beta (beta—MHC) mRNA levels and protein expression of CnAbeta,

$%%nuclear%%% factor 3 of activated T cell (NFAT3), and beta-MHC. RESULTS:
After 21 days, RV/(LV+S) and RV/BW were significantly higher in the chronic
hypoxia group than in the control group and the amlodipine group (p<0.01).
The expression of CnAbeta mRNA and protein, NFAT3 protein, beta-MHC mRNA
and protein in RV of the chronic hypoxia group was higher than that of the
control group and the amlodipine treatment group (p<0.01). CONCLUSIONS: The

Q

$%%calcineurin%%% %%%signal%%% pathway plays a critical role in the



progression of RVH induced by chronic hypoxia. L-type calcium channel
blockade suppresses the development of RVH by inhibiting this pathway.
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cAMP-binding protein Epac induces cardiomyocyte %%%$hypertrophy%%%.
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cAMP is one o0of the most important second messenger in the heart. The
discovery of Epac as a guanine exchange factor (GEF), which is directly
activated by cAMP, raises the question of the role of this protein in
cardiac cells. Here we show that Epac activation leads to morphological
changes and induces expression of cardiac %$%$%hypertrophic%$%% markers. This
process is associated with a CaZ2+-dependent activation of the small GTPase,
Rac. 1In addition, we found that Epac activates a prohypertrophic signaling
pathway, which involves the Ca2+ sensitive phosphatase, %%%calcineurin%%%,
and 1its primary downstream effector, NFAT. Rac is involved in Epac-induced
NFAT dependent cardiomyocyte $%%hypertrophy%%%. Blockade of either
$%%calcineurin%%% or Rac activity blunts the %%%hypertrophic%%% response
elicited by Epac indicating these signaling molecules coordinately regulate
cardiac gene expression and cellular growth. Our results thus open new
insights into the signaling pathways by which c¢cAMP may mediate its
biological effects and identify Epac as a new positive regulator of cardiac
growth.
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$%%Calcineurin%%% 1is a serine/threonine protein phosphatase that plays a
critical role in many physiologic processes, such as T-cell activation,
apoptosis, skeletal myocyte differentiation, and cardiac %$%$%hypertrophyv%%%.
We determined that active MEKK3 was capable of activating %%%calcineurin%$%%
/%%%nuclear%$%% factor of activated T-cells (NFAT) signaling in cardiac
myocytes and reprogramming cardiac gene expression. In contrast, small
interference RNA directed against MEKK3 and a dominant negative form of
MEKK3 caused the reduction of NFAT activation in response to angiotensin II
in cardiac myocytes. Genetic studies showed that MEKK3-deficient mouse
embryo fibroblasts failed to activate %%%calcineurin%%%/NFAT in response to
angiotensin II, a potent NFAT activator. Conversely, restoring MEKK3 to the
MEKK3-deficient cells restored angiotensin II-mediated %%%calcineurin%%%
/NFAT activation. We determined that angiotensin II induced MEKK3
phosphorylation. Thus, MEKK3 functions downstream of the AT1l receptor and

Q

is essential for %%%calcineurin%%%/NFAT activation. Finally, we determined
that MEKK3-mediated activation of $%$%%calcineurin%%% /NFAT signaling was
associated with the phosphorylation of modulatory $%$%%calcineurin%%$
—interacting protein 1 at Ser(108) and Ser(112). Taken together, our
studies reveal a previously unrecognized novel essential regulatory role of
MEKK3 signaling in %%%calcineurin%%%/NFAT activation.

Record Date Created: 20051031

Record Date Completed: 20051228

Date of Electronic Publication: 20050826

2/77/56 (Item 56 from file: 154)
DIALOG(R)File 154:MEDLINE (R)
(c) format only 2010 Dialog. All rts. reserv.

16827427 PMID: 16185906

The molecular regulation of exercised-induced muscle fibre
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Growth was investigated over 16 d in juvenile common carp (Cyprinus
carpio L.) held in either static water (tank rested, TR16) or exercised in
a flume at 2.5-3.2 body lengths s-1 for 18 h a day (exercised, E16).
Relative to the start of the experiment (TR0), the TR16 group showed a 31%
increase in body mass (specific growth rate, 1.57% d-1), whereas there was
no net change 1in the El6 group. There was, however, a significant



Q

exercise-induced %%%hypertrophy%%% of slow muscle fibres with average fibre
cross—-sectional area (FCSA) increasing by 35% in the E16 group, compared
with 11% in the TR16 group. In contrast, FCSA of fast muscle fibres
increased by 34% in the TR16 group compared to just 18% in the El1l6 group.
The relative concentrations and subcellular localisation of ©proteins
hypothesised to play a role in the regulation of muscle growth were
measured. MyoD concentration was similar in the TR0, TR16 and E1l6 groups in
both slow and fast muscle. However, there was a small (5%-10%) but
statistically significant increase in %%%nuclear%%% localisation of MyoD in
those groups showing a significant increase in FCSA over the time course of
the experiment. PCNA concentration was 31% and 12% higher in the TR16 than
in either the TRO or E16 groups for slow and fast muscle, respectively.

Q Q

Exercise resulted in a approximately 10% increase in %%%nuclear%%% factor

of T-cells (NFAT2) concentration in slow muscle but no change in NFAT2
localisation. %%%Calcineurin%%% B concentration was similar in tank rested
and exercised groups. The results do not support a major role for the
$%%calcineurin%%%-signalling pathway in the regulation of muscle

$%%hypertrophy%%% in the common carp.
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Calcium (Ca) is a multifunctional regulator of diverse cellular
functions. In cardiac muscle Ca is a direct central mediator of electrical
activation, ion channel gating, and excitation-contraction (E-C) coupling
that all occur on the millisecond time scale. The key amplification step in
E-C coupling 1is wunder tight control of very local [Ca]. Ca also directly

activates signaling via kinases and phosphatases (e.g.,
Ca-calmodulin-dependent protein kinase [CaMKII] and %%%calcineurin%%%) that
occur over a longer time scale (seconds to minutes), and the

co-localization of these Ca-dependent modulators to their targets and to Ca
is also <critical in distinct signaling pathways. Finally, Ca-dependent
signaling is also involved in long-term (minutes to hours/days) alterations
in gene expression (or excitation-transcription coupling). These pathways

Q

are involved in %%%hypertrophy%%% and heart failure, and they can alter the



expression of some of the key Ca regulatory proteins involved in E-C
coupling and their regulation by kinases and phosphatases. There may again
be physical microenvironments involved in this %%%nuclear%%% transcription,
such that they sense a discrete Ca %%%signal%%% that is distinct from that
involved in E-C coupling. In this way cells can use Ca signaling in
multiple ways that function in spatially and temporally distinct manners.
(90 Refs.)
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Evidence from in wvivo studies suggests that some inputs to cardiac
$%%hypertrophy%%% are opposed by the actions of estrogen. However, the
mechanisms of E2 action in this respect are mainly unknown. An important

pathway that 1s utilized by multiple %$%%hypertrophic%%% stimuli involves

the activation of the tyrosine phosphatase, %%%calcineurin%%% (PP2B). Here
we show that 17beta-estradiol (E2) significantly prevents angiotensin II

(AngII)- or endothelin-1 (ET-1)-induced new protein synthesis, skeletal
muscle actin expression, and increased surface area in cultured rat
cardiomyocytes. ET-1 stimulated %%%calcineurin%%% phosphatase activity,

resulting in new protein synthesis, and both were prevented by E2. E2
induced the MCIP1 gene, an inhibitor of %%%calcineurin%%% activity, via
phosphatidylinositol 3-kinase, transcriptional, and mRNA stability
mechanisms. Small interfering RNA for MCIP1l significantly reversed both the
E2 restraint of protein synthesis and the inhibition of AngII-induced
$%%calcineurin%%% activity. AngII-induced the translocation of the
$%%hypertrophic%%% transcription factor, NF-AT, to the %%%nucleus%$%% of the
cardiomyocyte and stimulated NF-AT transcriptional activity. Both were
prevented by E2. AngIIl also stimulated the activation of ERK and protein
kinase C, contributing to cardiac %%%hypertrophy%%%. E2 inhibited these
pathways, related to the stimulation of atrial natriuretic peptide
production and secretion. Thus, restraint of %%%calcineurin%%% and kinase
signaling to the %%%hypertrophic%%% program underlie these important
effects of E2.
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The crucial functions of atrial natriuretic peptide (ANP) and endothelial
nitric oxide/NO in the regulation of arterial blood pressure have been
emphasized by the hypertensive phenotype of mice with systemic inactivation
of either the guanylyl cyclase-A receptor for ANP (GC-A-/-) or endothelial

nitric-oxide synthase (eNOS-/-). Intriguingly, similar levels of arterial
hypertension are accompanied by marked cardiac $%%hypertrophy%%% in
GC-A-/-, but not in eNOS-/-, mice, suggesting that changes in local

Q

pathways regulating cardiac growth accelerate cardiac %%%hypertrophy%%% in
the former and protect the heart of the latter. Our recent observations in
mice with conditional, cardiomyocyte-restricted GC-A deletion demonstrated
that ANP locally inhibits cardiomyocyte growth. Abolition of these local,
protective effects may enhance the cardiac %%%hypertrophic%%% response of
GC-A-/- mice to persistent increases in hemodynamic load. Notably, eNOS-/-
mice exhibit markedly increased cardiac ANP levels, suggesting that
increased activation of cardiac GC-A can prevent hypertensive heart
disease. To test this hypothesis, we generated mice with systemic
inactivation of eNOS and cardiomyocyte-restricted deletion of GC-A by
crossing eNOS-/- and cardiomyocyte-restricted GC-A-deficient mice. Cardiac
deletion of GC-A did not affect arterial hypertension but significantly
exacerbated cardiac %%%hypertrophy%%% and fibrosis in eNOS-/- mice. This
was accompanied by marked cardiac activation of both the mitogen-activated

protein kinase (MAPK) ERK 1/2 and the phosphatase %%%calcineurin%%%. Our

observations suggest that local ANP/GC-A/cyclic GMP signaling
counter-regulates MAPK/ERK- and $%%%calcineurin%%%/%%%nuclear%%% factor of
activated T cells-dependent pathways of cardiac myocyte growth in

hypertensive eNOS-/- mice.
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Rainbow trout Oncorhynchus mykiss Walbaum were exercised at 0.8 and 1.6
body lengths s(-1) for 18 h a day over a 30 day period. Exercise resulted



in a 24-30% increase 1in the average cross-sectional area of fast muscle
fibres relative to tank-rested controls. The concentrations of growth
factors and transcription factors hypothesised to play a role in regulating
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exercise-induced muscle fibre $%%hypertrophy%%% were measured. Exercise

0.0 0 0.0 0

training resulted in a minor increase in %%%calcineurin%%% localisation in

the %%%nucleus%%%. However, $%%nuclear%%% factor of T-cells 2 (NFAT2)
$%%nuclear%$%%s localisation did not follow a pattern that was consistent
with NFATZ2-mediated transcriptional activity and changes in
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$%%calcineurin%%% signaling. The active peptide of myostatin, a negative
regulator of muscle growth in mammals, was downregulated in exercise groups
relative to tank-rested controls, but only by 6-7%. It was concluded that
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myostatin and %%%calcineurin%%% signaling do not play a major role in
regulating exercise-induced muscle %$%%hypertrophy%$%% in trout.
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In response to acute and chronic stresses, the heart frequently undergoes
a remodeling process that is accompanied by myocyte %$%$%$hypertrophy%%%,
impaired contractility, and pump failure, often culminating in sudden
death. The existence of redundant signaling pathways that trigger heart
failure ©poses challenges for therapeutic intervention. Cardiac remodeling
is associated with the activation of a pathological gene program that
weakens cardiac performance. Thus, targeting the disease process at the
level of gene -expression represents a potentially powerful therapeutic
approach. 1In this review, we describe strategies for normalizing gene
expression in the failing heart with small molecules that control
$%%signal%%% transduction pathways directed at transcription factors and
associated chromatin-modifying enzymes. (72 Refs.)
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Sustained cardiac pressure overload induces %%%hypertrophy%$%% and
pathological remodeling, frequently leading to heart failure. Genetically
engineered hyperstimulation of guanosine 3',5'-cyclic monophosphate (cGMP)
synthesis counters this response. Here, we show that blocking the intrinsic
catabolism of c¢cGMP with an oral phosphodiesterase-5A (PDEbSA) inhibitor
(sildenafil) suppresses chamber and myocyte %%$%hypertrophy%%%, and improves
in vivo heart function in mice exposed to chronic pressure overload induced
by transverse aortic constriction. Sildenafil also reverses pre-established
$%%hypertrophy%%% induced by pressure load while restoring chamber function
to normal. cGMP catabolism by PDESA increases in pressure-loaded hearts,
leading to activation of cGMP-dependent protein kinase with inhibition of

Q

PDESA. PDELA inhibition deactivates multiple %%%hypertrophy$%%% signaling
pathways triggered by pressure load (the $%%%calcineurin%%% /NFAT,
phosphoinositide-3 kinase (PI3K)/Akt, and ERK1/2 signaling pathways). But

Q

it does not suppress $%$%hypertrophy%$%% induced by overexpression of
$%%calcineurin%%% in vitro or Akt in vivo, suggesting upstream targeting of
these pathways. PDEbSBA inhibition may provide a new treatment strategy for
cardiac %$%$%hypertrophy%$%% and remodeling.
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MEK1, a member of the mitogen-activated protein kinase (MAPK) cascade

Q

that directly activates extracellular %%%signal%%$%-regulated kinase (ERK),

Q Q Q Q

induces cardiac %$%%hypertrophy%$%% in transgenic mice. %%%Calcineurin%%% is
a calcium-regulated protein phosphatase that also functions as a positive

Q Q

regulator of cardiac %%%hypertrophic%%% growth through a direct mechanism

Q

involving activation of $%%%nuclear%%% factor of activated T-cell (NFAT)
transcription factors. Here we determined that %%%calcineurin%%%-NFAT and
MEK1-ERK1/2 signaling pathways are interdependent in cardiomyocytes, where
they directly coregulate the %%%hypertrophic%$%% growth response. For
example, genetic deletion of the %%%calcineurin$% /% Abeta gene reduced the
$%%hypertrophic%%% response elicited by an activated MEK]l transgene in the
heart, while 1nh1bition of %$%%calcineurin%%% or NFAT in cultured neonatal
cardiomyocytes also blunted the %$%$%hypertrophic%$%% response driven by
activated MEK1. Conversely, targeted inhibition of MEKl ERK1/2 signaling in

Q

cultured cardiomyocytes attenuated the %%%hypertrophic%%$% growth response
directed by activated $%%%calcineurin%%%. However, targeted inhibition of
MEK1-ERK1/2 signaling did not directly affect %%%calcineurin%%% —-NFAT
activation, nor was MEK1-ERK1/2 activation altered by targeted inhibition

of %%%calcineurin%%% —-NFAT. Mechanistically, we show that MEK1-ERK1/2

signaling augments NFAT transcriptional activity independent of
%$%%calcineurin%%%, independent of changes in NFAT $%%nuclear$%
localization, and independent of alterations in NFAT transactlvatlon

potential. In contrast, MEK1-ERK1/2 signaling enhances NFAT-dependent gene
expression through an indirect mechanism involving induction of cardiac
AP-1 activity, which functions as a necessary NFAT-interacting partner. As
a second mechanism, MEK1-ERK1/2 and %%%calcineurin$%%%-NFAT proteins form a
complex 1in cardiac myocytes, resulting in direct phosphorylation of NFATc3
within its C terminus. MEK1-ERK1l/2-mediated phosphorylation of NFATc3
directly augmented its DNA binding activity, while inhibition of
MEK1-ERK1/2 signaling reduced NFATc3 DNA binding activity. Collectively,
these results indicate that %%%calcineurin$%%-NFAT and MEK1-ERK1/2 pathways
constitute a codependent signaling module in cardiomyocytes that
coordinately regulates the growth response through two distinct mechanisms.
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Calcium plays a pivotal role in the establishment of the differentiated
phenotype in myogenic cells but the involved molecular mechanisms are still
matter of debate. Here we studied the effects of exposing L6-C5 myogenic
cells to high extracellular Ca2+ concentration ([Ca2+]o), which induces an
increase of intracellular calcium ([Ca2+]1) without involving Ca2+ release
from the intracellular stores but exclusively due to plasma membrane influx
(Naro et al., 2003). Exposure of L6-Cb cells to [CaZ2+]o up to 20 mM for 30
min, Dbefore shifting them into a differentiative medium, induced the
appearance of multinucleated, myosin-positive myotubes, much larger than in
control «cells with an increased protein/DNA ratio. These large myotubes
showed %%%nuclear%$%% accumulation of the $%%%hypertrophy%%% marker GATA-2.
The $%%%hypertrophic%%% growth of these cells was blocked by cyclosporin A
(CsA), FKb06, or overexpression of a %$%%calcineurin%%%-dominant negative
protein, suggesting the involvement in this process of the Ca2+ responsive
phosphatase %%%calcineurin%%% . Furthermore, transient exposure of L6-C5
cells to high [Ca2+]o increased the expression of luciferase reporter
driven by myoglobin (Mb) and beta-MHC promoters but not IIB-MHC and MCK
promoters. Luciferase transcription driven by CK promoter was, instead,
enhanced by mobilizing Ca2+ from the intracellular stores. These data
indicate that a transient increase of [Ca2+]i due to plasma-membrane influx
is sufficient to induce a %%%hypertrophic%$%% phenotype and an increased
expression of slow-fiber genes but not fast-fiber genes. 2004 Wiley-Liss,
Inc.
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Neuropeptide Y (NPY) has been shown to participate in cardiac
$%%shypertrophy%%% . However, the mechanisms by which NPY induces

cardiomyocyte $%$%Shypertrophy%$%% are poorly understood. This study tested



Q

the hypothesis that NPY induces cardiomyocyte %%%hypertrophy%%% through
Ca2+/CaM-dependent %%%calcineurin%%% (CaN) pathway in cultured neonatal rat
cardiomyocytes. After 24-h treatment, NPY (100 nM) significantly increased

3H-leucine incorporation and c¢-Jun mRNA expression, concomitant with
augment of CaN activity and protein level in cardiomyocytes compared to
those cells without NPY treatment. The enhancement of 3H-leucine

incorporation and c-Jun mRNA expression in cardiomyocytes treated with NPY
were markedly inhibited by cyclosporine A (CsA), a selective inhibitor of
CaN. We also investigated the effect of NPY on intracellular Ca2+ level in
cardiomyocytes. There were no obvious changes in intracellular Ca2+ level
of cytoplasm and %%%nucleus%%% in cardiomyocytes treated with NPY (100 nM)
for 10 min. However, NPY significantly increased intracellular Ca2+ level

Q Q

of cytoplasm and %%%nucleus%%% in cardiomyocytes after 24-h treatment. The

Q Q

result suggested that NPY could induce %%%$hypertrophy%%% of cardiomyocytes

Q

via Ca2+/CaM-dependent CaN %$%%signal%%% pathway. The enhancement of [Ca2+]i
caused by NPY may activate CaN %%%signal%%% pathways to mediate cardiac
$%%shypertrophy%$%%.
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Intracellular Ca(2+) plays an important role 1in skeletal muscle
excitation-contraction coupling and also 1in excitation-transcription
coupling. Activity-dependent alterations in muscle gene expression as a
result of increased 1load (i.e. resistance or endurance training) or
decreased activity (i.e. immobilization or injury) are tightly linked to
the level of muscle excitation. Differential expression of genes in slow-
and fast-twitch fibres 1s also dependent on fibre activation. Both these
biological phenomena are, therefore, tightly linked to the amplitude and
duration of the Ca(2+) transient, a %%%signal%%% decoded downstream by
Ca(2+)-dependent transcriptional pathways. Evidence is mounting that the
$%%calcineurin%%$%-%%%nuclear%%% factor of activated T-cells pathway and the
Ca(2+)/calmodulin-dependent kinases (CaMK) II and IV play important roles
in regulating oxidative -enzyme expression, mitochondrial biogenesis and
expression of fibre-type specific myofibrillar proteins. CaMKII is known to

decode frequency-dependent information and is activated during
$%%hypertrophic%%% growth and endurance adaptations. Thus, it was

hypothesized that CaMKII, and possibly CaMKIV, are down regulated during
muscle atrophy and levels of expression of CaMKII alpha, -II beta, -II



gamma and -IV were assessed in skeletal muscles from young, aged and
denervated rats. The results indicate that CaMKII gamma, but not
CaMKITalpha or —-beta, is up regulated in aged and denervated soleus muscle
and that CaMKIV 1s absent in skeletal but not cardiac muscle. Whether
CaMKII gamma up-regulation is part of the pathology of wasting or a result
of some adaptational response to atrophy is not known. Future studies will
be important in determining whether insights from the adaptational response
of muscle to increased loads will provide pharmacological approaches for
increasing muscle strength or endurance to counter muscle wasting. (36
Refs.)
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OBJECTIVE: Heme oxygenases (HO) are the rate-limiting enzymes in heme
degradation, catalyzing the breakdown of heme to equimolar quantities of
biliverdin (BV), carbon monoxide (CQO), and ferrous iron. The inducible HO

isoform, HO-1, confers protection against ischemia/reperfusion (I/R)-injury
in the heart. We hypothesized that HO-1 and its catalytic by-products
constitute an antihypertrophic signaling module in cardiac myocytes.
METHODS AND RESULTS: The G protein-coupled receptor (GPCR) agonist
endothelin-1 (ET-1) (30 nmol/l) stimulated a robust %$%%hypertrophic%%%
response 1in cardiac myocytes isolated from 1- to 3-day-old Sprague-Dawley
rats, with increases in cell surface area (planimetry), sarcomere assembly
(confocal laser scanning microscopy), and prepro-atrial natriuretic peptide
(ANP) mRNA expression. Adenoviral overexpression of HO-1, but not
beta-galactosidase, significantly inhibited ET-1 induced cardiac myocyte
$%%hypertrophy%%%. The antihypertrophic effects of HO-1 were mimicked by BV
(10 micromol/1) and the CO-releasing molecule [Ru(CO)3Clz2]2 (10
micromol/1l), strongly suggesting a critical involvement of BV and CO in the
antihypertrophic effects of HO-1. Both BV and CO suppressed extracellular
$%%signal%%% -regulated kinases (ERK1/ERK2) and p38 mitogen-activated
protein kinase (MAPK) activation by ET-1 stimulation. Moreover, BV and CO
inhibited the prohypertrophic $%%calcineurin%%% /NFAT pathway. This
inhibition occurred upstream from %%%calcineurin%%% Dbecause BV and CO
inhibited NFAT activation in response to ET-1 stimulation but not in
response to adenoviral expression of a constitutively active
$%%calcineurin%%% mutant. Upstream—inhibition of the %%%calcineurin%%%/NFAT



pathway by CO occurred independent from cGMP and cGMP-dependent protein

kinase type I (PKG 1I). CONCLUSIONS: Heme oxygenase-1 and its catalytic
by-products, BV and CO, constitute a novel antihypertrophic signaling
pathway in cardiac myocytes. Biliverdin and CO inhibition of MAPKs and

Q

$%%calcineurin%%% /NFAT signaling provides a mechanistic framework how heme
degradation products may promote their antihypertrophic effects. Copryright
2004 European Society of Cardiology
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OBJECTIVE: Downregulation of sarco-endoplasmic reticulum calcium ATPase
2a (SERCA2a) expression 1s a critical marker of pathological myocardial
$%%hypertrophy%%% . The effects of calcium-dependent signaling and of

contractile activity on the regulation of myocardial SERCA2a expression
remain unclear. The present study dissociates effects of calcium-dependent
signaling through $%%%calcineurin%%% (CN) and calmodulin dependent protein
kinase-II (CAMK-II), from effects of contractile activity in spontaneously
contracting rat neonatal ventricular cardiomyocytes (NVCM) using
2,3-butanedione monoxime (BDM), which arrests contractions but maintains
calcium fluxes. METHODS: SERCAZa mRNA expression was analysed wusing
Northern hybridisation in spontaneously contracting NVCM (control) and in
NVCM treated with either BDM, L-type CaZ2+-channel blocker (verapamil),
CN-blocker (cyclosporin A; CsA), CAMK-II blocker (KN-93), or combinations

thereof. Transient transfection of the CN-dependent transcription factor
$%%nuclear%$%s factor of activated T-lymphocytes (NFATc), coupled to GFP,
was used to detect NFAT $%%%nuclear%$%% translocation. The effects of

CN/CAMK-II-dependent signaling were further dissected into effects of the
transcription factors NFATc4 and myocyte enhancer factor 2c¢ (MEF2c) on the
activity of various SERCAZa promoter fragments using transient transfection
assays. RESULTS: Treatment with BDM induced a 2.5-fold rise in SERCAZ2a
mRNA, which was abolished by addition of verapamil and was reduced by
addition of CsA (-40%) and KN-93 (-20%). NFAT %%%nuclear%%% translocation
was similar in control and BDM-treated NVCM. SERCA2a promoter activity was
stimulated by NFATc4 and MEF2c, but only when both factors were
co-transfected. CONCLUSION: Following contractile arrest with BDM,
upregulation of SERCA2a mRNA expression by CN/CAMK-II signaling becomes
evident. This upregulation is likely the result of synergistic stimulation



of SERCA2a promoter activity by NFATc4 and MEF2c. Contractile activity
opposes this upregulation through distinct and independent pathways.
Copryright 2004 European Society of Cardiology
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Q Q

Prolonged cardiac %%%hypertrophy%%% of pathologic etiology is associated

with arrhythmia, sudden death, decompensation, and dilated
$%%cardiomyopathy%%% . In an attempt to understand the mechanisms that
underlie the %%%hypertrophic%%% response, extensive investigation has

centered on a characterlzatlon of the molecular pathways that initiate or
maintain the pathologic growth of individual cardiac myocytes. While a
large number of %%%signal%%% transduction cascades have been identified as
critical regulators of cardiac %%%hypertrophy%%% , here the scientific
evidence implicating the protein phosphatase %%%calcineurin%%% (PP2B) and
the mitogen-activated protein kinases (MAPK) as co-regulators of reactive
$%%hypertrophy%%% will be discussed. Gain- and loss-of-function studies in
genetically altered mice and in cultured cardiomyocytes have demonstrated
the necessity and sufficiency of %$%%calcineurin%%% to regulate pathologic
cardiac $%%shypertrophy%$%%. However, using similar approaches, the
$%%hypertrophic%%% regulatory role attributed to various branches of the
MAPK signaling pathway has been less conclusive, although a loose consensus

suggests that the c-Jun N-terminal kinases (JNK) and p38 kinases function

as mediators of dilated $%%cardiomyopathy%$%%, while extracellular
$%%signal%%$%-regulated kinases (ERKs) function as regulators of

Q 9909

$%hypertrophy%%%. More recently, the actions of %%%calcineurin%%% and MAPK
signaling pathways have been shown to be co-dependent such that unitary
activation of $%%%calcineurin%%% in myocytes leads to up-regulation in ERK
and JNK signaling, but down-regulation in p38 signaling. Conversely,
unitary activation of JNK or p38 in cardiac myocytes leads to
down-regulation of %%%calcineurin%%% effectiveness by directly antagonizing
$%%nuclear%%% factor of activated T cells (NFAT) $%%%nuclear%$%%$ occupancy.

Thus, an emerging paradigm suggests that %$%%calcineurin%%%-NFAT and MAPK
signaling pathways are inter-dependent and together orchestrate the cardiac
$%%hypertrophic%%% response. Copryright 2004 European Society of Cardiology
(91 Refs.)
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Cardiac %%%hypertrophy%%% occurs in a number of disease states associated

with chronic increases in cardiac work load. Although cardiac
$%%hypertrophy%%% may initially represent an adaptive response of the
myocardium, ultimately, it often progresses to ventricular dilatation and

heart failure. Much investigation has focused on the signaling pathways
controlling cardiac %%%hypertrophy%%% at the level of the single cardiac
myocyte. One prohypertrophic pathway that has received much attention
involves the ubiquitously expressed Ca2+/calmodulin-activated phosphatase

$%%calcineurin%%%. Upon activation by Caz+, $%%calcineurin%%%
dephosphorylates $%%nuclear%%s%s factor of activated T cell (NFAT)
transcription factors, leading to their %%%nuclear%%% translocation. As
common in complex biological systems, cardiac $%$%%hypertrophy%$%% is
controlled simultaneously by stimulatory (prohypertrophic) and
counter-regulatory (antihypertrophic) pathways. Given the potent

Q

prohypertrophic effects of the Ca2+-%%%calcineurin%%% -NFAT pathway in
cardiac myocytes, it is not surprising that the activity of this pathway is
tightly controlled at multiple levels. Inhibitory mechanisms upstream
(nitric oxide (NO), <GMP, cGMP-dependent protein kinase type I (PKG I),
heme oxygenase-1 (HO-1), biliverdin, carbon monoxide (CO)) and downstream
from %6/calc1neur1n9%% (glycogen synthase kinase-3 (GSK3), c—Jun N-terminal
kinases (JNKs), p38 mitogen-activated protein kinase (MAPKs)) have been
described. Moreover, several inhibitors directly target %%%calcineurin%
enzymatic activity (cyclosporine A (CsAn), tacrolimus (FK506)
$%%calcineurin%%%-binding protein-1 (Cabin-1)/%%%calcineurin% //—1nh1b1tory
protein (Cain), A-kinase-anchoring protein-79 (AKAP79), %%%calcineurin% B
homology protein (CHP), MCIPs, VIVIT). Considering the dominant role of the
% pathway in cardiac $%%%hypertrophy%%% and failure,
$%%calcineurin%%% —-inhibitory strategies may lead to the identification of
novel therapeutic approaches for patients with cardiac disease. Copryright
2004 European Society of Cardiology (79 Refs.)
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Cardiac myocytes react to diverse mechanical demands with a multitude of
transient and long-term responses to normalize the cellular mechanical
environment. Several stretch-activated signaling pathways have been
identified, most prominently guanine $%%%nucleotide%$%% binding proteins
(G-proteins), mitogen-activated protein kinases (MAPK), Janus-associated
kinase/%%%signal%%% transducers and activators of transcription (JAK/STAT),
protein kinase C (PKC), $%%calcineurin$%%% , intracellular calcium
regulation, and several autocrine and paracrine factors. Multiple levels of
crosstalk exist between pathways. The cellular response to changes in the
mechanical environment can lead to cardiac myocyte $%$%%hypertrophy%%%,

cellular growth that can be accompanied by pathological myocyte
dysfunction, and tissue fibrosis. Several candidates for the primary
mechanosensor in cardiac myocytes have been identified, ranging from
stretch-activated ion channels in the membrane to yet—-unknown
mechanosensitive mechanisms in the %%%nucleus%%% . New and refined

experimental techniques will exploit advances 1in molecular biology and
biological imaging to study mechanotransduction in isolated cells and
genetically engineered mice to explore the function of individual proteins.
(101 Refs.)
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The serine/threonine phosphatase %%%calcineurin%%% 1s an important
regulator of calcium-activated intracellular responses in eukaryotic cells.
In higher eukaryotes, calcium/calmodulin-mediated activation of

Q

$%%calcineurin%%% facilitates direct dephosphorylation and %%%nuclear$%

Q Q

translocation of the transcription factor $%%nuclear%%% factor of
activated T-cells (NFAT). Recently, controversy has surrounded the role of

Q Q

$%%calcineurin%%% in mediating skeletal muscle cell %$%$%$hypertrophy%%%. Here
we examined the ability of $%%calcineurin%$%$%$-deficient mice to undergo
skeletal muscle $%$%%hypertrophic%%% growth following mechanical overload

(MOV) stimulation or insulin-like growth factor—l (IGF-1) stimulation. Two

distinct models of $%%calcineurin$% deficiency were employed:
$%%calcineurin%%% Abeta gene-targeted mice, which show a approximately 50°
reduction in total $%%calcineurin%%%, and $%%calcineurin%

Bl-LoxP-targeted mice crossed with a myosin light chain 1f cre knock—ln
allele, which show a greater than 80% loss of total %%%calcineurin%%% only
in skeletal muscle. %%%Calcineurin%%% Abeta-/- and %%%calcineurin$%
Bl-LoxP(f1/£f1)-MLC-cre mice show essentially no defects in muscle growth in
response to IGF-1 treatment or MOV stimulation, although %%%calcineurin%
Abeta-/- mice show a basal defect in total fiber number in the plantarls
and a mild secondary reduction in growth, consistent with a developmental
defect in myogenesis. Both groups of gene-targeted mice show normal
increases in Akt activation following MOV or IGF-1 stimulation. However,
overload-mediated fiber-type switching was dramatically impaired in
$%%calcineurin%%% Bl-LoxP(fl/fl)-MLC-cre mice. NFAT-luciferase reporter
transgenic mice failed to show a correlation between IGF-1- or MOV-induced
$%%hypertrophy%%% and %%%calcineurin%%$%-NFAT-dependent signaling in wvivo.
We conclude that $%%calcineurin%%% expression 1is important during
myogenesis and fiber-type switching, but not for muscle growth in response
to %$%%hypertrophic%%% stimuli.
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$%%Calcineurin%%% 1is a calcium-dependent, serine/threonine phosphatase
that functions as a signaling intermediate. In this study, we investigated
the role of $%%calcineurin%%% in transforming growth factor-beta
(IGF-beta) -mediated cellular effects and examined the signaling pathway
involved in activation of %%%calcineurin%%%. %%%Calcineurin%%% is activated
by TGF-beta in a time- and dose-dependent manner. Consistent with increased
phosphatase activity, the $%%calcineurin%%% substrate, NFATcl, is
dephosphorylated and transported to the $%%nucleus%$%%. Inhibition of
$%%calcineurin%%% prior to the addition of TIGF-beta revealed that
$%%calcineurin%%% is required for TGF-beta-mediated accumulation of
extracellular matrix (ECM) proteins but not cell %%$%Shypertrophy%%%

Q

Conversely, overexpression of constitutively active %%%calcineurin%%% was

sufficient to induce ECM protein expression. The mechanism of
$%%calcineurin%%% activation by TGF-beta was found to be induction of a
low, sustained increase of intracellular calcium. Chelation of
extracellular calcium blocked both TGF-beta-mediated calcium influx and
$%%calcineurin%%% activity. Finally, calcium entry was found to be
dependent upon generation of reactive oxygen species (ROS) including

superoxide anion and hydrogen peroxide. Accordingly, inhibition of ROS
generation also blocked TGF-beta-mediated %%%calcineurin%%% phosphatase
activity and decreased ECM accumulation. In conclusion, this study
describes a new pathway for TGF-beta-mediated regulation of ECM via
generation of ROS, calcium influx, and activation of %%%calcineurin%%%.
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BACKGROUND: Cardiac %%%hypertrophy%%% may initiate progression to a
compromised cardiac function. While the <clinical consequences of
$%%hypertrophy%%% are well understood, only 1little 1is known about the
underlying molecular pathways. As reported from animal experiments, the

Ca(2+)-calmodulin activated phosphatase $%%calcineurin%%% and its
downstream transcriptional effector NFAT have been implicated as

transducers of the %%%hypertrophic%%% response. METHODS AND RESULTS: To



study whether the $%%%calcineurin%%% pathway is activated in human heart
failure, we investigated samples of human left ventricular myocardium from
patients with dilated (idiopathic) $%$%%cardiomyopathy%%% (DCM, NYHA IV, n=8)
in comparison with non-failing controls (NF, n=8). We not only analyzed the
pathway by measuring the %%%calcineurin%%% activity, but also by

Q Q

determination of the protein expression of the %%%calcineurin%%% B subunit

Q

and additional key markers of the $%%%calcineurin%%% signaling cascade

Q

(NFAT-3, GATA-4). %%%Calcineurin%%% enzymatic activity was increased by 80%
in human dilated $%%%cardiomyopathy%%% compared with non-failing human
hearts (135.424+/-11.69 and 83.484+/-1.81 nmol Pi/min per microl). This was
in line with increased ©protein expression of %%%calcineurin%%% B in DCM
(71.1849.11 wvs. 46.41+/-11.23 densitometric units (DU)/microg protein). In
order to verify the activated %%%calcineurin%%% pathway as described in
animal models, we compared the protein expression of NFAT-3 in homogenates

Q Q Q Q

within $%%%nuclear%$%% extracts. In $%$%%nuclear%%% extracts the protein level
of NFAT-3 was increased in dilated %%%cardiomyopathy%$%% compared with
non-failing myocardium (104.01+/-8.85 vs. 71.47+/-8.79 DU/microg protein).
In contrast, in homogenates the expression of NFAT-3 was higher in the
non-failing tissue indicating subcellular redistribution (19.56+/-3.36 vs.
25.84+/-3.16 DU/microg protein). The protein expression of GATA-4 was
increased in DCM (43.14+/-2.89 wvs. 29.87+/-2.17 DU/microg protein).

Q

CONCLUSIONS: In human heart failure (DCM) the %%%calcineurin%%% signaling
pathway is activated not only by an increased activity of %%%calcineurin%%%
and expression of GATA-4, but also by the shift from dephosphorylated
NFAT-3 to the %%%nucleus%%% indicating subcellular redistribution and
regulatory activation.
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Calcium (Ca(2+)) 1is a critical second messenger in cell signaling.
Elevated intracellular Ca(2+) can activate numerous Ca(2+)-regulated
enzymes. These enzymes have different subcellular localizations and may
respond to distinct modes of Ca(2+) mobilization. In cardiac muscle, Ca(2+)
plays a central role 1in regulating contractility, gene expression,

Q

$%%hypertrophy%%%, and apoptosis. Many cellular responses to Ca(2+) signals
are mediated by Ca(2+)/calmodulin-dependent enzymes, among which is the



Ca(2+)/calmodulin-dependent protein kinase II (CaMKII). Putative substrates
for CaMKII include proteins involved i1in regulating Ca(2+) storage and
release, transcription factors, and ion channels. The major isoform of
CaMKII in the heart is CaMKIIdelta. Two cardiac splice wvariants,
CaMKIIdelta(B) and delta(C), differ in whether they contain a %%%nuclear%$%%
localization sequence. Our laboratory has examined the hypothesis that the

9.9

$%$%nuclear%%% delta(B) and the cytoplasmic delta(C) isoforms respond to

Q

different Ca(2+) stimuli and have distinct effects on %%%hypertrophic%%%
cardiac growth and Ca(2+) handling. We have shown that pressure
overload-induced %%%hypertrophy%%% differentially affects the %%%nuclear%%%
delta(B) and the cytoplasmic delta(C) isoforms of CaMKII. Additionally,
using isolated myocytes and transgenic mouse models, we demonstrated that

Q

the %%%nuclear%%% CaMKIIdelta(B) isoform plays a key role in cardiac gene

expression associated with cardiac $%$%%hypertrophy%%% . The cytoplasmic
CaMKIIdelta(C) isoform phosphorylates substrates involved i1in Ca(2+)

handling. Dysregulation of intracellular Ca(2+) and resulting changes in
excitation-contraction coupling characterize heart failure and can be
induced by in vivo overexpression of CaMKIIdelta(C) and phosphorylation of
its substrates. The differential location of CaMKII isoforms and their
relative activation by physiological vs. pathological stimuli may provide a
paradigm for exploring and elucidating how Ca(2+)/CaMKII pathways can serve
as both friends and foes in the heart. (133 Refs.)
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9.9

$%%Calcineurin%%% signaling has been implicated in a broad spectrum of

Q Q

developmental processes in a variety of organ systems. %%%Calcineurin%%% is
a calmodulin-dependent, calcium-activated protein phosphatase composed of
catalytic and regulatory subunits. The serine/threonine-specific
phosphatase functions within a $%%%signal%%% transduction pathway that
regulates gene expression and biological responses in many developmentally

Q

important cell types. %%%Calcineurin%%% signaling was first defined in T

Q Q

lymphocytes as a regulator of %%%nuclear%%% factor of activated T cells

(NFAT) transcription factor %%%nuclear%%% translocation and activation.
Recent studies have demonstrated the vital nature of calcium/

29 Q

%%calcineurin%%% /NFAT signaling in cardiovascular and skeletal muscle
development in vertebrates. Inhibition, mutation, or forced expression of



$%%calcineurin%%% pathway genes result in defects or alterations in
cardiomyocyte maturation, heart valve formation, wvascular development,
skeletal muscle differentiation and fiber-type switching, and cardiac and
skeletal muscle $%%hypertrophy%$%%. Conserved %%%calcineurin%%% genes are
found in invertebrates such as Drosophila and Caenorhabditis elegans, and
genetic studies have demonstrated specific myogenic functions for the
phosphatase in their development. The ability to investigate
$%%calcineurin%%% signaling pathways in vertebrates and model genetic
organisms provides a great potential to more fully comprehend the functions
of %%%calcineurin%%% and its interacting genes in heart, blood vessel, and
muscle development. (129 Refs.)
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$%%Calcineurin%%% (PP2B) is a calcium/calmodulin—-activated,
serine-threonine phosphatase that transmits signals to the %%$%nucleus%%%
through the dephosphorylation and translocation of %%%nuclear%%% factor of
activated T «cell (NFAT) transcription factors. Whereas %%%calcineurin%%%

-NFAT signaling has been implicated in regulating the %$%$%hypertrophic%%

growth of the myocardium, considerable controversy persists as to its role

9.9

in maintaining versus initiating 3%%hypertrophy%%% , i1ts role in
pathological wversus physiological %$%$%hypertrophy%$%%, and its role in heart
failure. To address these issues, NFAT-luciferase reporter transgenic mice
were generated and characterized. These mice showed robust and
$%%calcineurin%%% —-specific activation in the heart that was inhibited with
cyclosporin A. In the adult heart, NFAT-luciferase activity was upregulated
in a delayed, but sustained manner throughout eight weeks of pathological
cardiac $%%shypertrophyv%%% induced by pressure-overload, or more
dramatically following myocardial infarction-induced heart failure. In
contrast, physiological $%$%%hypertrophy%%% as produced in two separate
models of exercise training failed to show significant %%%calcineurin%%%
-NFAT coupling in the heart at multiple time points, despite measurable
increases in heart to body weight ratios. Moreover, stimulation of
$%%shypertrophyv%%% with growth hormone-insulin-like growth factor-1
(GH-IGF-1) failed to activate %%%calcineurin%%$%$-NFAT signaling in the heart

oe



Q

or in culture, despite %$%%hypertrophy%$%%, activation of Akt, and activation

of p70 S6K. %%%Calcineurin%%% Abeta gene-targeted mice also showed a normal
$%%hypertrophic%%% response after GH-IGF-1 infusion. Lastly, exercise- or
GH-IGF-1-induced cardiac growth failed to show induction of
$%%hypertrophic%%% marker gene expression compared with pressure-overloaded
animals. Although a direct cause-and-effect relationship between

Q Q

NFAT-luciferase activity and pathological %%%$hypertrophy%%% was not proven
here, our results support the hypothesis that separable signaling pathways

Q Q

regulate pathological versus physiological %%%hypertrophic%$%% growth of the

Q

myocardium, with %%%calcineurin%%% -NFAT potentially serving a regulatory
role that is more specialized for maladaptive %%$%hypertrophy%$%% and heart
failure.
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Cyclic GMP, produced in response to nitric oxide and natriuretic
peptides, 1is a key regulator of vascular smooth muscle cell contractility,
growth, and differentiation, and is implicated in opposing the
pathophysiology of hypertension, cardiac $%%hypertrophy%$%% ,
atherosclerosis, and vascular injury/restenosis. c¢cGMP regulates gene
expression both positively and negatively at transcriptional as well as at
posttranscriptional levels. c¢cGMP-regulated transcription factors include
the cAMP-response element binding protein CREB, the serum response factor
SRF, and the %%%nuclear%%% factor of activated T cells NF/AT. cGMP can
regulate CREB directly, through phosphorylation by cGMP-dependent protein
kinase, or indirectly, through activation of mitogen-activated protein
kinase pathways; regulation of SRF and NF/AT by cGMP is indirect, through
modulation of RhoA and $%%calcineurin%%% signaling, respectively.
Downregulation of the RNA-binding protein HuR by cGMP leads to
destabilization of guanylate cyclase mRNA, but this posttranscriptional
mechanism may affect many more cGMP-regulated genes. In this review, we
discuss the role of cGMP-regulated gene expression in (patho)physiological
processes most relevant to the cardiovascular system, such as regulation of
vascular tone, cardiac %%%hypertrophy%%%, phenotypic modulation of vascular
smooth muscle cells, and regulation of cell proliferation and apoptosis. (
144 Refs.)

Record Date Created: 20031203



Record Date Completed: 20031211

2/7/79 (Item 79 from file: 154)
DIALOG(R)File 154:MEDLINE (R)
(c) format only 2010 Dialog. All rts. reserv.

15643106 PMID: 14623297

$%%Calcineurin%%% anchoring and cell signaling.

Dodge Kimberly L; Scott John D

Howard Hughes Medical Institute, Vollum Institute, Oregon Health and
Sciences University, Portland, OR, USA.

Biochemical and biophysical research communications (United States) Nov
28 2003, 311 (4) pllll-5, ISSN 0006-291X--Print 0006-291X--Linking
Journal Code: 0372516

Publishing Model Print

Document type: Journal Article; Review

Languages: ENGLISH

Main Citation Owner: NLM

Record type: MEDLINE; Completed

The targeting of phosphatase PP2B or %%%calcineurin%%% toward certain
substrates synchronizes a variety of physiological processes. This review
emphasizes how the targeting of %%%calcineurin%%% through interaction with
various anchoring proteins facilitates phosphatase regulation of T-cell
activation, neuronal excitability and cardiac $%%%hypertrophy%%%. (37

Refs.)
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The c-Jun N-terminal kinase (JNK) branch of the mitogen-activated protein
kinase (MAPK) signaling pathway regulates cellular differentiation, stress
responsiveness and apoptosis in multicellular eukaryotic organisms. Here we
investigated the functional importance of JNK signaling in regulating
differentiated cellular growth in the post-mitotic myocardium. JNK1/2
gene-targeted mice and transgenic mice expressing dominant negative JNK1/2
were determined to have enhanced myocardial growth following stress
stimulation or with normal aging. A mechanism underlying this effect was
suggested by the observation that JNK directly regulated nuclear factor of
activated T-cell (NFAT) activation in culture and 1in transgenic mice
containing an NFAT-dependent luciferase reporter. Moreover, calcineurin
Abeta gene targeting abrogated the pro-growth effects associated with JNK
inhibition in the heart, while expression of an MKK7-JNK1 fusion protein in
the heart partially reduced calcineurin-mediated cardiac hypertrophy.
Collectively, these results indicate that JNK signaling antagonizes the
differentiated growth response of the myocardium through direct cross-talk
with the calcineurin-NFAT pathway. These &results also suggest that

myocardial JNK activation is primarily dedicated to modulating
$%%calcineurin%%% —-NFAT signaling in the regulation of differentiated heart
growth.
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The MAPKs are important transducers of growth and stress stimuli in
virtually all eukaryotic cell types. In the mammalian heart, MAPK signaling
pathways have been hypothesized to regulate myocyte growth in response to
developmental signals or physiologic and pathologic stimuli. Here we
generated cardiac-specific transgenic mice expressing dominant-negative
mutants of p38alpha, MKK3, or MKK6. Remarkably, attenuation of cardiac p38
activity produced a progressive growth response and myopathy in the heart

that correlated with the degree of enzymatic inhibition. Moreover,
dominant-negative p38alpha, MKK3, and MKK6 transgenic mice each showed
enhanced cardiac $%$%%hypertrophy%$%% following aortic banding, Ang II
infusion, isoproterenol infusion, or phenylephrine infusion for 14 days. A
mechanism underlying this enhanced-growth profile was suggested by the
observation that dominant-negative p38alpha directly augmented
$%%nuclear%$%%s factor of activated T cells (NFAT) transcriptional activity
and i1ts %%%nuclear%%% translocation. In vivo, NFAT-dependent luciferase

reporter transgenic mice showed enhanced activation in the presence of the
dominant-negative p38alpha transgene before and after the onset of cardiac

$%%hypertrophy%%%. More significantly, genetic disruption of the
$%%calcineurin%%% Abeta gene rescued %%%Shypertrophic%$%% %$%%cardiomyopathy%%%

%$%%% and depressed functional capacity observed in p38-inhibited
e.
%$%%Collectively, these observations indicate that reduced p38 signaling in

$%%heart promotes myocyte growth through a mechanism involving

Q

enhanced%%%
$%%%%%calcineurin%%$%—NFAT signaling.%%%
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A subset of cyclin-dependent protein kinases—--Cdk’7, Cdk8, and
Cdk9--participates directly, in complex ways, with the fundamental
machinery for gene transcription, as elements of general transcription

o

o



factors whose substrate i1s the C-terminal domain (CTD) of RNA polymerase
II. Here, we review recent data dimplicating the CTD kinase Cdk9 as a
critical determinant of cardiac %$%%hypertrophy%%%, in vitro and in vivo.
Diverse trophic signals that increase cardiac mass all activated Cdk9 (work
load, the small G-protein Gag, and the calcium-dependent phosphatase
$%%calcineurin%%% in mouse myocardium; endothelin-1, a %%%hypertrophic%%%
agonist, in «cultured cardiomyocytes). Little or no change occurred in
levels of the kinase or its activator, cyclin T. Instead, in all four
$%%hypertrophic%%% models, Cdk9 activation involves the dissociation of 7SK
small $%%%nuclear%$%% RNA (snRNA), an endogenous inhibitor. In culture,
dominant-negative Cdk9 Dblocked ET-1-induced %%%hypertrophy%%%, whereas an
anti-sense "knockdown" of 7SK snRNA provoked spontaneous cell growth. In
trans—-genie mice, concordant with these results, activation of Cdk9
activity wvia cardiac-specific overexpression of c¢yclin T1 suffices to
provoke %$%$%$hypertrophy%%%. Together, these findings implicate Cdk9 activity
as a pivotal regulator of pathophysiological heart growth. Because
$%%hypertrophy%%% , 1in turn, 1is a cardinal risk factor for developing
cardiac pump failure, these results support the logic of examining Cdk9 as
a potential drug target in heart disease. (63 Refs.)
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The calcium-activated phosphatase %$%%calcineurin%%% has been implicated
as a critical intracellular $%%%signal%%% transducer of cardiomyocyte
$%%hypertrophy%%%. Although previous data suggested the %$%%nuclear%%%
factor of activated T-cells (NFAT) as its sole transcriptional effector,
the absolute requirement of NFAT as a mediator of %%%calcineurin%%%
signaling has not been examined in the heart. We therefore investigated the
expression and activation profile of NFAT genes in the heart. Four members

(NFATcl-c4) are expressed in cardiomyocytes, elicit $%%%nuclear%%%
o

translocation upon $%$%%calcineurin%%% activation, and are able to drive
transactivation of cardiac promoter luciferase constructs. To define the

necessary function of NFAT factors as %$%%hypertrophic%%% transducers, a
dominant negative NFAT construct was created, encompassing part of the
N-terminal region of ©NFATc4 containing a conserved %%%calcineurin%%%$
-binding motif. Cotransfection of this construct dose-dependently abrogated

promoter activation, irrespective of the NFAT isoform used, whereas a

control construct with the %%%calcineurin%%% -binding motif mutated
displayed no such effects. Adenoviral gene transfer of dominant negative
NFAT rendered cardiomyocytes resistant toward all aspects of
$%%calcineurin%%% or agonist-induced cardiomyocyte $%$%hypertrophv%%% ,
whereas adenoviral gene transfer of the control construct had no
discernable effect on these parameters. These results indicate that

multiple NFAT isoforms are expressed in cardiomyocytes where they function
as necessary transducers of %%%calcineurin%%% in facilitating cardiomyocyte
$%%shypertrophy%$%%.
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Nerve activity controls muscle contractile function and muscle gene
expression. Although excitation-contraction coupling is well characterized,
excitation-transcription coupling is still poorly understood.
Pharmacological and genetic approaches have been used to dissect the
signaling pathways that mediate the effect of nerve activity on muscle
fiber type and size. 1In particular, the role of %%%calcineurin%%% has
recently been the subject of intensive investigation and debate. The
identification of the transduction pathways involved in neuromuscular

signaling has implications for the development of new therapeutic
strategies to prevent muscle wasting and loss of muscle power resulting
from aging, disuse and neuromuscular disorders. (60 Refs.)
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Recent investigation has focused on identifying signaling pathways that
inhibit cardiac $%$%%hypertrophy%%%, a major risk factor for cardiovascular
morbidity and mortality. In this context, nitric oxide (NO), signaling via
cGMP and cGMP-dependent protein kinase type I (PKG I), has been recognized
as a negative regulator of cardiac myocyte (CM) %%%hypertrophy%%%. However,
the underlying mechanisms are poorly understood. Here, we show that PKG I
inhibits CM $%%%hypertrophy%%% by targeting the $%%calcineurin%%$%$-NFAT
signaling pathway. $%%Calcineurin%%% , a CaZ+-dependent phosphatase,
promotes %$%$%hypertrophy%%% in part by activating NFAT transcription factors
which induce expression of %%$%hypertrophic%$%% genes, including brain
natriuretic peptide (BNP). Activation of PKG I by NO/cGMP in CM suppressed
NFAT transcriptional activity, BNP induction, and cell enlargement in

response to alpha(l)-adrenoreceptor stimulation but not in response to

adenoviral expression of a Ca2+-independent, constitutively active
$%%calcineurin%%% mutant, thus demonstrating NO-cGMP-PKG I inhibition of
$%%calcineurin%%%-NFAT signaling upstream of $%$%%calcineurin%%% . PKG I

suppressed single L-type CaZ2+-channel open probability, [Ca2+]i transient
amplitude, and, most importantly, L-type CaZ2+-channel current-induced NFAT
activation, indicating that PKG I targets Ca2+-dependent steps upstream of
$%%calcineurin%%% . Adenoviral expression of PKG I enhanced NO/cGMP
inhibitory effects upstream of $%$%%calcineurin%%%, confirming that PKG I
mediates NO/cGMP inhibition of $%$%%calcineurin%%% -NFAT signaling. In CM
overexpressing PKG I, NO/cGMP also suppressed BNP induction and cell
enlargement but not NFAT activation elicited by constitutively active
$%%calcineurin%%% , which 1s consistent with additional, NFAT-independent
inhibitory effect(s) of PKG I downstream of %%%calcineurin%%%. Inhibition
of %%%calcineurin%%% -NFAT signaling by PKG I provides a framework for
understanding how NO inhibits cardiac myocyte %%%hypertrophyv%%%.
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BACKGROUND: In animal models, increased signaling through the
$%%calcineurin%%% pathway has been shown to be sufficient for the
development of cardiac %%%hypertrophy%%%. %$%%Calcineurin%%% activity has
been reported to be elevated in the myocardium of patients with congestive

Q

heart failure. In contrast, few data are available about %%%calcineurin%%%

Q

activity in patients with pressure overload or $%$%%cardiomyopathic%%%
$%%hypertrophy%%% who are not in cardiac failure. METHODS AND RESULTS: We

investigated $%%calcineurin%%% activity and protein expression in 2
different forms of cardiac $%%shypertrophy%$%%: $%%hypertrophic%$%
obstructive %%%cardiomyopathy%$%% (HOCM) and aortic stenosis (AS). We found
that the C-terminus of %%%calcineurin%%% A protein containing the
autoinhibitory domain was less abundant in myocardial $%$%%hypertrophy%%%

than in normal heart, which suggests the possibility of proteolysis. No new
splice variants could be detected by reverse-transcription polymerase chain
reaction. This resulted in a significant elevation of %%%calcineurin%
enzymatic activity in HOCM and AS compared with 6 normal hearts. Increased
%%%calc1neur1n %% phosphatase activity caused increased migration of NF-AT2
($%%nuclear%%% factor of activated T cells 2) in SDS-PAGE compatible with
pronounced NF—AT dephosphorylation 1in $%%hypertrophied%$%% myocardial
tissue. CONCLUSIONS: %%%Hypertrophy%$%% in HOCM and AS without heart failure
is characterized by a significant increase in %%%calcineurin%%% activity.
This might occur by (partial) proteolysis of the %%%calcineurin%%% A
C-terminus containing the autoinhibitory domain. Increased
$%%calcineurin%%% activity has functional relevance, as shown by altered
NF-AT phosphorylation state. Although %%$%hypertrophy%$%% in AS and HOCM may
be initiated by different upstream triggers (internal versus external fiber
overload), in both cases, there is activation of %%%calcineurin%%%, which
suggests an involvement of this pathway in the pathogenesis of human
cardiac %%%hypertrophy%%%.
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In this study, the role of the %%%calcineurin%%% pathway in skeletal
muscle atrophy and atrophy-reducing interventions was investigated in rat
soleus muscles. Because %%%calcineurin%%% has been suggested to be involved
in skeletal and cardiac muscle $%%%hypertrophy%%%, we hypothesized that
blocking %%%calcineurin%%% activity would eliminate beneficial effects of
interventions that maintain muscle mass in the face of atrophy-inducing
stimuli. Hindlimb suspension and spinal cord transection were used to
induce atrophy, and intermittent reloading and exercise were used to reduce
atrophy. Cyclosporin (CsA, 25 mg x kg(-1l) x day(-1)) was administered to
block %%%calcineurin%%% activity. Soleus muscles were studied 14 days after
the onset of atrophy. CsA administration did not inhibit the beneficial

effects of the two muscle-maintaining interventions, nor did it change

muscle mass in control or atrophied muscles, suggesting that
$%%calcineurin%%% does not play a role in regulating muscle size during
atrophy. However, %%%calcineurin%%% abundance was increased in atrophied
soleus muscles, and this was associated with %%%nuclear%%% localization of
NFATcl (a %%%nuclear%$%% factor of activated T cells). Therefore, results

suggest that %$%%calcineurin%%% may be playing opposing roles during
skeletal muscle atrophy and under muscle mass-maintaining conditions.
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The adult myocardium responds to a variety of pathologic stimuli by
$%%hypertrophic%%% growth that frequently progresses to heart failure. The

0.0 0 0.0 0

calcium/calmodulin-dependent protein phosphatase $%$%%calcineurin%%% 1s a

potent transducer of $%%hypertrophic%%% stimuli. %%%Calcineurin%%%
dephosphorylates members of the %$%%nuclear%$%% factor of activated T cell
(NFAT) family of transcription factors, which results in their

translocation to the $%%%nucleus%%% and activation of calcium-dependent
genes. Glycogen synthase kinase-3 (GSK-3) phosphorylates NFAT proteins and
antagonizes the actions of $%%calcineurin%%% by stimulating NFAT
$%%nuclear%$%% export. To determine whether activated GSK-3 can act as an
antagonist of $%%hypertrophic%%% signaling in the adult heart in vivo, we
generated transgenic mice that express a constitutively active form of
GSK-3 beta wunder control of a cardiac-specific promoter. These mice were
physiologically normal under nonstressed conditions, but their ability to
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mount a %$%%hypertrophic%%% response to %$%%calcineurin%%% activation was

severely impaired. Similarly, cardiac-specific expression of activated
GSK-3 beta diminished $%%hypertrophy%$%% in response to chronic

beta-adrenergic stimulation and pressure overload. These findings reveal a
role for GSK-3 beta as an inhibitor of $%%$%hypertrophic%%% signaling in the
intact myocardium and suggest that elevation of cardiac GSK-3 beta activity
may provide clinical benefit in the treatment of pathologic
$%%hypertrophy%%% and heart failure.

Record Date Created: 20020123

Record Date Completed: 20020429

Date of Electronic Publication: 20020108



2/7/90 (Item 90 from file: 154)
DIALOG(R)File 154:MEDLINE (R)
(c) format only 2010 Dialog. All rts. reserv.

14579134 PMID: 11817656

Signalling pathways in cardiac myocyte %$%$%hypertrophy%$%%.

Sugden P H

National Heart and Lung Institute Division, Faculty of Medicine, Imperial
College of Science, Technology and Medicine, London, UK. p.sugden@ic.ac.uk

Annals of medicine (England) Dec 2001, 33 (9) p6ll-22, ISSN
0785-3890--Print 0785-3890--Linking Journal Code: 8906388

Publishing Model Print

Document type: Journal Article; Review

Languages: ENGLISH

Main Citation Owner: NLM

Record type: MEDLINE; Completed

In response to a requirement for increased contractile power in vivo,
mammalian cardiac myocytes adapt through a %%%hypertrophic%%% response
(cell enlargement in the absence of cell division). This response can be
simulated by exposing isolated myocytes in primary culture to
alpha-adrenergic agonists or the vasoactive ©peptide, endothelin-1. The
signalling pathways responsible for $%%%hypertrophic%%% growth have been
actively studied, and it is likely that reversible protein phosphorylation

and dephosphorylation are 1involved. Three signalling pathways show
particular potential as regulators of the response, ie protein kinase C
(PKC), mitogen—activated protein kinase (MAPK) cascades, and
$%%calcineurin%%% . These species are thought to regulate the rate and

specificity of gene transcription wultimately through modifying the
transactivating activity of %%%nuclear%%% transcription factors. There are
three pertinent MAPK cascades, the extracellular %%%signal%%$%-regulated
kinase (ERK) cascade, the c¢c—Jun N-terminal kinase (JNK or SAPKl) cascade,
and the p38-MAPK (SAPK2-5) cascade. PKC participates in the activation of
the ERK cascade but does not contribute significantly to the activation of
the two remaining cascades. %%%Calcineurin%%% (or protein phosphatase 2B)
is activated by increases in [Ca2+1i] through the [Ca2+]-sensing protein,
calmodulin. In this review, I discuss the evidence for and against the
involvement of these signalling proteins in the induction of myocyte
$%%hypertrophy%%% and emphasize that the ERK cascade should perhaps feature
more widely in the collective consciousness. (136 Refs.)
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Skeletal muscles adapt to changes in their workload by regulating fibre
size by unknown mechanisms. The roles of two signalling pathways implicated

Q

in muscle $%$%%hypertrophy%%% on the basis of findings in vitro, Akt/mTOR
(mammalian target of rapamycin) and %$%%calcineurin$%%/NFAT (%%%nuclear%%%
factor of activated T «cells), were investigated in several models of

Q Q

skeletal muscle %%%hypertrophy%$%% and atrophy in vivo. The Akt/mTOR pathway
was upregulated during $%$%%hypertrophy%$%% and downregulated during muscle
atrophy. Furthermore, rapamycin, a selective blocker of mTOR, blocked
$%%hypertrophy%%% in all models tested, without causing atrophy in control
muscles. In contrast, the %%%calcineurin%%% pathway was not activated
during %%%hypertrophy%%% in wvivo, and inhibitors of %%%calcineurin%%%,
cyclosporin A and FK506 did not blunt %%%hypertrophy%%%. Finally, genetic
activation of the Akt /mTOR pathway was sufficient to cause
$%%hypertrophy%%% and prevent atrophy in vivo, whereas genetic blockade of
this pathway Dblocked $%%%hypertrophy%%% in vivo. We conclude that the
activation of the Akt/mTOR pathway and its downstream targets, p70S6K and
PHAS-1/4E-BP1l, 1is requisitely involved in regulating skeletal muscle fibre
size, and that activation of the Akt/mTOR pathway can oppose muscle atrophy
induced by disuse.
Record Date Created: 20011120

Record Date Completed: 20011219

2/7/92 (Item 92 from file: 154)
DIALOG(R)File 154:MEDLINE (R)
(c) format only 2010 Dialog. All rts. reserv.

14513359 PMID: 11715022
Mediation of IGF-1l-induced skeletal myotube $%%%hypertrophy%$%% by

PI(3)K/Akt/mTOR and PI(3)K/Akt/GSK3 pathways.

Rommel C; Bodine S C; Clarke B A; Rossman R; Nunez L; Stitt T N;
Yancopoulos G D; Glass D J

Regeneron Pharmaceuticals, 777 0ld Saw Mill River Road, Tarrytown, NY
10591-6707, USA.

Nature cell biology (England) Nov 2001, 3 (11) pl009-13, ISSN
1465-7392--Print 1465-7392--Linking Journal Code: 100890575

Publishing Model Print

Document type: Journal Article

Languages: ENGLISH

Main Citation Owner: NLM

Record type: MEDLINE; Completed

Skeletal muscle is composed of multinucleated fibres, formed after the
differentiation and fusion of myoblast precursors. Skeletal muscle atrophy

and $%%hypertrophy%%% refer to changes in the diameter of these
pre—-existing muscle fibres. The prevention of atrophy would provide an
obvious c¢linical benefit; insulin-like growth factor 1 (IGF-1) 1is a
promising anti-atrophy agent because of its ability to promote
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hypertrophy%%%. However, the signalling pathways by which IGF-1 promotes
$%hypertrophy%%% remain unclear, with roles suggested for both the
$%calcineurin%%$%/NFAT (%$%%nuclear%$%% factor of activated T cells) pathway
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oe



and the PtdIns-3-OH kinase (PI(3)K)/Akt pathway. Here we employ a battery
of approaches to examine these pathways during the %$%$%$hypertrophic%%%
response of cultured myotubes to IGF-1. We report that Akt promotes
$%%hypertrophy%%% by activating downstream signalling pathways previously
implicated in activating protein synthesis: the pathways downstream of
mammalian target of rapamycin (mTOR) and the pathway activated by
phosphorylating and thereby inhibiting glycogen synthase kinase 3 (GSK3).
In contrast, i1in addition to demonstrating that %%%calcineurin%%% does not
mediate IGF-1l-induced %%%hypertrophy%%% , we show that IGF-1 unexpectedly
acts wvia Akt to antagonize $%$%%calcineurin%%% signalling during myotube
$%%hypertrophy%%%.
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BACKGROUND: Extracellular %%%signal%%%-regulated kinases (ERKs) and
$%%calcineurin%%% have been reported to play important roles 1in the
development of cardiac %%%Shypertrophy%%% We examined here the relation
between $%$%%calcineurin%%% and ERKs in cardiomyocytes. METHODS AND RESULTS:
Isoproterenol activated ERKs in cultured cardiomyocytes of neonatal rats,
and the activation was abolished by chelation of extracellular Ca(2+) with
EGTA, blockade of L-type Ca(2+) channels with nifedipine, or depletion of
intracellular Ca(2+) stores with thapsigargin. Isoproterenol—induced
activation of ERKs was also significantly suppressed by %$%$%calcineurin%
inhibitors in cultured