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Patents
OPLA Attomey Reference: 213/080

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant in re: Gaeta et al.
Patent No.: 5,686,411
Serial No: 08/447,849
Issued: November 11, 1997

Filed: May 23, 1995

A T e N o g N

For: AMYLIN AGONIST PEPTIDES AND )
USES THEREFOR

PATENT TERM EXTENSION APPLICATION .
UNDER 35 U.S.C. 156 RECEIVED

Mail Stop Patent Extension QFFICE OF PETITIONS

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

Dear Sir:

Amylin Pharmaceuticals, Inc. respectfully requests a patent term extension for U.S.
Letters Patent No. 5,686,411. Submitted herewith is an Application for Patent Term Extension
under 35 U.S.C. 156 based on the regulatory review period for SYMLIN® (pramlintide acetate),
in compliance with 37 CFR 1.710 - 1.740.

This application is being submitted by a registered practitioner on behalf of Amylin

08447849

CERTIFICATE OF EXPRESS MAILING
(37CFR. §1.10)

i
I hereby certify that this paper (along with anything referred to as being attached or enclosed) is being deposited with the United States Postal ':'3
Service as “Express Mail”. Label No. ED 127779653 US on the date shown below with sufficient postage in an envelope addressed to Mail Stop =
Patent Extension, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Name of Person Mailing Paper
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Pharmaceuticals, Inc., which is the assignee of the entire right, title and interest in U.S. Patent
No. 5,686,411 by virtue of the assignment recorded on January 6, 1992 at the U.S. Patent and
Trademark Office at Reel 5934, Frame 0449, and a name change recorded on July 16, 1997 at
Reel 8635, Frame 0563. A Power of Attorney from Amylin Pharmaceuticals, Inc. granting
power to Molly A. Holman is attached as Exhibit A.

Pursuant to the provisions of 37 C.F.R. § 1.730, applicant hereby applies for an extension
of the term of U.S. Patent No. 5,686,411 under 35 U.S.C. § 156 of 1586 days, based on the

materials set forth herein and in the accompanying papers.

The required information for this application is submitted in accordance with 35 USC
156(d) and 37 CFR 1.710 et seq., and follows the numerical format set forth in 37 CFR 1.740(a).
A response to each requirement follows each numerical requirement. The required information

starts on page 3 of this application.
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(1) A complete identification of the approved product as by appropriate chemical and generic
name, physical structure or characteristics.

The approved product is pramlintide, the active ingredient of SYMLIN® (pramlintide acetate)
injection. SYMLIN® (pramlintide acetate) injection is an antihyperglycemic drug for use in patients
with diabetes treated with insulin. Pramlintide is a synthetic analog of human amylin, a naturally
occurring neuroendocrine hormone synthesized by pancreatic beta cells that contributes to glucose
control during the postprandial period. Pramlintide is provided as an acetate salt of the synthetic 37-
amino acid polypeptide, which differs in amino acid sequence from human amylin by replacement
with proline at positions 25 (alanine), 28 (serine), and 29 (serine) (i.e., >****Pro-h-amylin).

The structural formula of pramlintide acetate is as shown:

| }
Lys-Cys-Asn-Thr-Ala-Thr-Cys-Ala-Thr-Gln-Arg-Leu-Ala-Asn-Phe-Leu-Val-His-Ser-Ser-Asn-Asn-
Phe-Gly-Pro-Ile-Leu-Pro-Pro-Thr-Asn-Val-Gly-Ser-Asn-Thr-Tyr-NH; acetate (salt) with a disulfide
bridge between the two Cys residues.

Pramlintide acetate is a white powder that has a molecular formula of C171H257N5|053SZ- X
C,H.0; (3< x <8); the molecular weight is 3949.4. The CAS registry number for pramlintide
acetate is 196078-30-5.

We note that the term “product,” for purposes of patent term extension for a drug product, is
defined as “the active ingredient of a new drug, antibiotic drug, or human biological
product...including any salt or ester of the active ingredient, as a single entity or in combination
with another active ingredient.” 35 U.S.C. § 156(f)(2). Nothing in this application should be
construed as limiting the term “product” for purposes of the requested patent term extension to
the specific form of pramlintide approved in SYMLIN®.

(2) A complete identification of the Federal statute including the applicable provision of law
under which the regulatory review occurred.

The regulatory review for SYMLIN® (pramlintide acetate) occurred under Section 505 of the
Federal Food, Drug, and Cosmetic Act, 21 USC § 355.
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(3)  Anidentification of the date on which the product received permission for commercial
marketing or use under the provision of law under which the applicable regulatory review
period occurred.

SYMLIN® (pramlintide acetate) injection received permission for commercial marketing and use
under Section 505 of the Federal Food, Drug, and Cosmetic Act on March 16, 2005.

(4)  Inthe case of a drug product, an identification of each active ingredient in the product
and as to each active ingredient a statement that it has not been previously approved for
commercial marketing or use under the Federal Food, Drug, and Cosmetic Act, the Public
Health Service Act, or the Virus-Serum-Toxin Act, or a statement of when the active
ingredient was approved for commercial marketing or use (either alone or in combination
with other active ingredients), the use for which it was approved, and the provision of
law under which it was approved.

The active ingredient in SYMLIN® (pramlintide acetate) is pramlintide (**?***Pro-h-amylin).
That active ingredient has not been previously approved for commercial marketing or use under
the Federal Food, Drug, and Cosmetic Act, the Public Health Service Act, or the Virus-Serum-
Toxin Act. '

(5) A statement that the application is being submitted within the sixty day period permitted
for submission pursuant to § 1.720(f) and an identification of the date of the last day on
which the application could be submitted.

This application for patent term extension is being submitted within the sixty-day period
permitted for submission pursuant to § 1.720(f). The product was approved on March 16, 2005.
The last date within the sixty-day period is May 15, 2005. Since May 15, 2005 is a Sunday, the
application may be timely filed under 35 USC 21(b) on May 16, 2005, the next succeeding
business day. As evident from the Certificate of Mailing by “Express Mail” pursuant to 37
C.F.R. 1.10, this application is timely filed.
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(6) A complete identification of the patent for which an extension is being sought by the
name of the inventor, the patent number, the date of issue, and the date of expiration.

A complete identification of the patent for which an extension is being sought is as follows:
Inventors: Laura S. L. Gaeta, Howard Jones, and Elisabeth Albrecht
Patent Number: 5,686,411
Date of Issue: November 11, 1997
Date of Expiration: November 11, 2014

(7) A copy of the patent for which an extension is being sought, including the entire
specification (including claims) and drawings.

A copy of U.S. Patent No. 5,686,411 for which an extension is being sought is attached as
Exhibit B.

(8) A copy of any disclaimer, certificate of correction, receipt of maintenance fee payment,
or reexamination certificate issued in the patent.

U.S. Patent No. 5,686,411 has a Certiﬁcéte of Correction, a copy of which is attached as Exhibit
C. Copies of the Maintenance Fee Statement receipts received for U.S. Patent No. 5,686,411 for
years four and eight are attached as Exhibit D.

(9 A statement that the patent claims the approved product, or a method of using or
manufacturing the approved product, and a showing which lists each applicable patent
claim and demonstrates the manner in which at least one such patent claim reads on:

(1) The approved product, if the listed claims include any claim to the approved
product;

(i) The method of using the approved product, if the listed claims include any
claim to the method of using the approved product; and

(1i1) The method of manufacturing the approved product, if the listed claims
include any claim to the method of manufacturing the approved product.
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Patent No. 5,686,411 claims the approved product. Claims 1-12, 19, 24-29, and 38-43 claim the

approved product. The approved product is pramlintide, the active ingredient of SYMLIN®
(pramlintide acetate).'

Claim 19 reads on pramlintide as follows.
19. 25’28’29Pr0-h-amy1in.
Pramlintide is 2?***Pro-h-amylin.
Patent No. 5,686,411 claims a method of using the approved product. Claims 30-37 claim a
method of using the approved product. The approved product is pramlintide, the active
ingredient of SYMLIN® (pramlintide acetate).
Claim 35 reads on a method of using the approved product as follows.
35. A method for the treatment of diabetes mellitus in a mammal comprising the
administration to said mammal of a therapeutically effective amount of 2>****Pro-h-
amylin.

Pramlintide is *?***Pro-h-amylin.

SYMLIN® (pramlintide acetate) is given at mealtimes and is indicated for:

* Type 1 diabetes, as an adjunct treatment in patients who use mealtime insulin

therapy and who have failed to achieve desired glucose control despite optimal
insulin therapy.

* Type 2 diabetes, as an adjunct treatment in patients who use mealtime insulin
therapy and who have failed to achieve desired glucose control despite
optimal insulin therapy, with or without a concurrent sulfonylurea agent
and/or metformin.

! We note that the term “product,” for purposes of patent term extension for a drug product, is defined as “the active
ingredient of a new drug, antibiotic drug, or human biological product...including any salt or ester of the active
ingredient, as a single entity or in combination with another active ingredient.” 35 U.S.C. § 156(f)(2). Nothing in
this application should be construed as limiting the term product for purposes of the requested patent term extension
to the specific form of pramlintide approved in SYMLIN®.
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(10) A statement beginning on a new page of the relevant dates and information pursuant to
35 U.S.C. 156(g) in order to enable the Secretary of Health and Human Services or the
Secretary of Agriculture, as appropriate, to determine the applicable regulatory review
period as follows:

(1) For a patent claiming a human drug, antibiotic, or human biological product:
(A) The effective date of the investigational new drug (IND) application and the IND
number; (B) The date on which a new drug application (NDA) or a Product License
Application (PLA) was imitially submitted and the NDA or PLA number; and (C) The
date on which the NDA was approved or the Product License Issued.
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U.S. Patent No. 5,686,411 claims a human drug product. The relevant dates and information
pursuant to 35 U.S.C. 156(g) to enable the Secretary of Health and Human Services to determine
the applicable regulatory review period are as follows:

(A) The IND for pramlintide acetate injection was accepted by the FDA on June
24,1992. The effective date of the IND application was July 29, 1992. The
IND number 1s 38,897.

(B) The NDA was initially submitted to the FDA on December 7, 2000. The
NDA number is 21-332.

©) The NDA was approved by the FDA on March 16, 2005.

(11) A brief description beginning on a new page of the significant activities undertaken by
the marketing applicant during the applicable regulatory review period with respect to the
approved product and the significant dates applicable to such activities.
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During the applicable regulatory review period, Amylin was diligently involved in obtaining
FDA approval for pramlintide. As discussed in (10) above, the IND for pramlintide was
accepted by the FDA on June 24, 1992, the IND Exemption became effective on July 29, 1992,
the NDA was submitted on December 7, 2000, and the NDA was approved on March 16, 2005.
Amylin was in close consultation with the FDA during the clinical studies conducted under the
IND. Similarly, subsequent to the submission of the NDA, Amylin had numerous contacts and
meetings with the FDA with respect to the approval. A brief description of the significant
activities undertaken by Amylin during the applicable regulatory review period with respect to
pramlintide acetate and the significant dates applicable to such activities appears in the table
below.

Date | Regulatory Review Activities

6/22/1992 | Amylin submitted IND Application for AC-137 to FDA/CDER; Protocol AP92-01
submitted with IND Application

6/30/1992 | Agency acknowledged receipt of IND on 7/6/92; IND Number Assigned: 39,897

7/29/1992 | Amylin submitted Protocol Amendment to Study No. AP92-01 in response to FDA
request; revision to Investigator’s Brochure. Per discussions with FDA, Amylin
given permission to proceed with study upon submission of revised protocol

8/3/1992 | Amylin submitted Protocol AP92-02

10/1/1992 | Amylin submitted clinical information on first 3 doses of AP92-02

11/12/1992 | Amylin submitted Protocol AP92-03

11/30/1992 | Meeting with FDA to discuss clinical program, clinical data to date.

1/15/1993 | Amylin submitted clinical data from AP92-01

2/17/1993 | Amylin submitted Protocol AP93-01

6/1/1993 | Amylin submitted Protocol AP93-03

6/4/1993 | Amylin submitted Protocol AP93-02

8/17/1993 | Amylin submitted Protocol AP93-04

10/22/1993 | Informal meeting between Amylin and FDA

11/9/1993 | Amylin submitted Protocol AP93-08

1/14/1994 | Amylin submitted final clinical report for AP92-02

1/26/1994 | Amylin submitted Protocols AP93-07, AP93-09, 137-101

2/14/1994 | Amylin submitted final clinical report for AP92-01

8/24/1994 | Amylin submitted Protocol 137-102

9/14/1994 | Amylin submitted Protocols 137-103, 137-104, 137-105, 137-106, and AP93-09

12/6/1994 | Amylin submitted final report for clinical study AP92-03

12/13/1994 | Meeting at FDA between Amylin and FDA for CMC discussion

4/25/1995 | Amylin submitted the final report for clinical study AP93-04

3/1/1995 | End-of-Phase Il meeting between Amylin and FDA

5/30/1995 | Amylin submitted Protocols 137-109, 137-110, and 137-111

6/30/1995 | Amylin submitted the final report for study 137-101

7/31/1995 | Amylin submitted Protocols 137-107, 137-108

10/11/1995 | Amylin submitted Protocols 137-112, 137-113, 137-114, 137-115
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11/13/1995

Amylin submitted final report for clinical study AP93-01.

12/15/1995

Amylin submitted Protocol 137-116

2/13/1996

Amylin submitted Protocol 137-118

2/21/1996

Amylin submitted final report for clinical study AP93-02

2/27/1996

Amylin submitted final report for clinical study 137-103.

5/10/1996

Amylin submitted the final report for AP93-08

5/20/1996

Amylin submitted the final report for 137-106.

5/13/1996

Amylin submitted the final report for 137-109.

6/24/1996

Amylin submitted Protocols 137-111E, 137-112E, 137-119, 137-120

10/10/1996

Amylin submitted Protocols 137-117, 137-118, 137-120, 137-121, 137-122, 137-
123, 137-125, 137-126

10/17/1996

Clinical meeting between Amylin and FDA

1/15/1997

Teleconference regarding IND Amendment between Amylin and FDA

3/13/1997

Amylin submitted Protocol 137-123

5/22/1997

Pre-clinical CMC meeting between Amylin and FDA

6/2/1997

Amylin submitted Protocols 137-124, 137-127

6/13/1997

Amylin submitted the final report for AP93-03

6/18/1997

Teleconference between FDA and Amyln re clinical pharmacokinetic and drug
interaction program, etc.

9/12/1997

Amylin submitted Protocols 137-130, 137-117E, 137-123E

10/28/1997

Clinical Pre-NDA meeting between Amylin and FDA

2/2/1998

Amylin submitted Protocols 137-136, 137-137

4/9/1998

Clinical meeting between Amylin and FDA

4/24/1998

Amylin submitted Protocol 137-133

6/15/1998

Submission of final clinical study report for protocol 137-130

6/16/1998

Amylin submitted Protocol 137-138

6/30/1998

Amylin submitted Protocol 137-140

7/29/1998

Amylin submitted Protocol 137-134

11/6/1998

Teleconference between Amylin and FDA to review pivotal trials

12/8/1998

Clinical meeting between Amylin and FDA

2/5/1999

Submission of statistical analysis plan for 137-121.

9/23/1999

Meeting between Amylin and FDA

9/30/1999

Amylin submitted Protocol 137-141

11/9/1999

Amylin submitted Protocol 137-142

2/9/2000

Pre-NDA Meeting re CMC between Amylin and FDA

6/9/2000

Amylin submitted Protocols 137-143, 137-144

9/7/2000

Pre-NDA Meeting between Amylin and FDA

12/7/2000

New Drug Application (NDA 21-332) for SYMLIN (pramlintide acetate) Injection
submitted by Amylin Pharmaceuticals

4/5/2001

Amylin submitted 120-Day Safety Update for SYMLIN, including data from now
completed studies 137-143, 137-144 and 137-145.

7/18/2001

Amylin submitted Protocol 137-147

7/26/2001

Endocrine and Metabolism Drug Advisory Committee Meeting and Amylin
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presentation

11/21/2001 | End-of-Review Conference held between FDA and Amylin

12/17/2001 | Amylin submitted Protocol 137-152

12/19/2001 | Amylin submitted Protocol 137-151

2/27/2002 | Amylin submitted Protocol 137-149

3/26/2002 | Amylin submitted Protocol 137-150

4/9/2002 | Teleconference held between FDA and Amylin to discuss protocols 137-150 and
137-151.

4/29/2002 | Amylin submitted Protocol 137-153

8/5/2002 | Amylin submitted Protocol 137-154

10/25/2002 | Amylin submitted Protocol 137-150E

3/26/2003 | Amylin submitted Protocol 137-155

6/16/2003 | Amylin submitted NDA Resubmission to FDA

8/13/2003 [ 137-150 Final Clinical Study Report sent to FDA

11/20/2003 | Amylin submitted Protocol 137-157

1/14/2004 | Telephone Conference between Amylin and FDA re clarification of issues in 17
December 2003 Action Letter

1/15/2004 | Amylin submitted Protocol 137-158

3/26/2004 | Amylin submitted Protocol 137-160

7/21/2004 | Meeting between Amylin and FDA re overall development program for SYMLIN

9/17/2004 | Complete Response of Amylin Pharmaceuticals, Inc. to the second Approvable
Letter dated December 17, 2003, for SYMLIN® (pramlintide acetate) Injection

1/31/2005 | Amylin submitted a summary of the final study report of Protocol 137-158

3/16/2005 | Approval letter sent to Amylin by FDA

(12) A statement beginning on a new page that in the opinion of the applicant the patent is
eligible for the extension and a statement as the length of the extension claimed,
including how the length of the extension was determined.
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It is the opinion of the Applicant that U.S. Patent No. 5,686,411 is eligible for patent term
extension under 35 USC 156.

The length of extension claimed is 1586 days, for an extension to March 16, 2019. The period of
this extension was calculated under 35 USC 156(c) and 37 CFR 1.775(d), using 35 U.S.C. 156(g)
and 37 CFR 1.775(c) to calculate regulatory review period, as described below.

Calculation of Regulatory Review Pertod: Under 37 CFR 1.775(c), the length of the regulatory
review period for a human drug is the sum of:

(1) The number of days in the period beginning on the date an exemption under
subsection (i) of section 505 or subsection (d) of section 507 of the Federal Food,
Drug, and Cosmetic Act became effective for the approved product and ending
on the date an application was initially submitted for such product under these
sections or under section 351 or the Public Health Service Act; and

(2) The number of days in the period beginning on the date the application was
initially submitted for the approved product under section 351 or the Public
Health Service Act , subsection (b) of section S05 or section 507 of the Federal
Food, Drug, and Cosmetic Act, and ending on the date such application was
approved under such section.

The period under 37 CFR 1.775(c)(1) is 3052 days. An Investigational New Drug exemption
under subsection 505 of the Federal Food, Drug, and Cosmetic Act became effective for
pramlintide acetate on July 29, 1992. A New Drug Application was initially submitted for
pramlintide acetate on December 7, 2000. The period under 37 CFR 1.775(c)(2) 1s 1560 days.
The New Drug Application for pramlintide acetate was initially submitted on December 7, 2000.
This application was approved on March 16, 2005.

The regulatory review period is the sum of the number of days above listed sections (c)(1) and
(c)(2), which is 4,612 days.

Calculation of Patent Term Extension: Under 37 CFR 1.775(d) (bolded text), the term of US
5,686,411 as extended for a human drug product has been calculated to be until March 16, 2019,
fourteen years from approval of the product, as shown below:

(1) Subtracting from the number of days ...[in] the Regulatory Review Period:

(i)  The number of days in the periods of paragraphs (c)(1) and (c)(2) of
this section which were on and before the date on which the patent
issued;

(ii)  The number of days in the periods of paragraphs (c)(1) and (c)(2) of
this section during which it is determined under 35 U.S.C. 156(d)(2)
(B) by the Secretary of Health and Human Services that applicant did
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not act with due diligence;

(iii)  One-half the number of days remaining in the period defined by
paragraph (c)(1) of this section after that period is reduced in
accordance with paragraphs (d)(1)(i) and (ii) of this section; half days
will be ignored for this section;

(1) U.S. Patent No. 5,686,411 issued on November 11, 1997. The number of days in the
periods of paragraphs (c)(1) and (c)(2) of this section which were on and before the date that the
patent issued is 1,930 days.

(i1) The Secretary of Health and Human Services has not determined that Applicant did
not act with due diligence, as defined in U.S.C. 156(d)(3), and in fact Applicant did act with the
degree of attention, continuous directed effort, and timeliness reasonably expected from and
exercised by a person during the regulatory review period. Therefore, no reduction in the
number of days of the regulatory review period is appropriate.

(11) The number of days remaining in the period defined by paragraph (c)(1) of this
section after that period is reduced in accordance with paragraphs (d)(1)(i) and (ii) is 1122 days.
One-half of this number is 561 days.

Thus, the number of days to be subtracted under 37 CFR 1.775(d)(1)(i) - (iii) is 2491 days. By
subtracting this number of days (2491) from the number of days determined to be the Regulatory
Review Period in accordance with paragraphs (c)(1) and (c)(2) of this section (4612), 2121 days
remain.

(2) By adding the number of days determined in paragraph (d)(1) of this section to
the original term of the patent as shortened by any terminal disclaimer;

The number of days determined in paragraph (d)(1) of this section is 2121 days. There is no
terminal disclaimer for this patent and therefore no reduction in patent term extension under this
subpart. With a term extension of 2121 days, the extension period for US 5,686,411 would
expire September 1, 2020.

(3) By adding 14 years to the date of the approval of the application under
subsection 505 of the Fede;al Food, Drug, and Cosmetic Act;

When 14 years is added to the date of the approval of the application under subsection 505 of the
Federal Food, Drug, and Cosmetic Act, the date is March 16, 2019.

(4) By comparing the dates for the ends of the periods obtained pursuant to
paragraphs (d)(2) and (d)(3) of this section with each other and selecting the
earlier date;

The earlier date calculated under paragraphs (d)(2) and (d)(3) of section 1.775 is March 16,
2019, under subsection (d)(3).
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(5) If the original patent issued after September 24, 1984,

(i) By adding S years to the original expiration date of the patent or any
earlier date set by terminal disclaimer; and

(i) By comparing the dates obtained pursuant to paragraphs (d)(4) and
(d)(5)(i) of this section with each other and selecting the earlier date;

U.S. Patent No. 5,686,411 issued after September 24, 1984. When 5 years is added to the
original expiration date of the patent, November 11, 2014, the date is November 11, 2019. By
comparing this date to the dates obtained pursuant to paragraphs (d)(4) and (d)(5)(i) of this
section, the earlier date i1s March 16, 2019.

U.S. Patent No. 5,686,411 issued after September 24, 1984. Therefore, section (d)(6) does not
apply.

In summary, Applicant concludes that it is entitled to a period of extension for this patent to
March 16, 2019.
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(13) A statement that applicant acknowledges a duty to disclose to the Commissioner of
Patents and Trademarks and the Secretary of Health and Human Services or the Secretary
of Agriculture any information which is material to the determination of entitlement to
the extension sought.

Applicant acknowledges a duty toward the Commissioner of Patent and Trademarks and the
Secretary of Health and Human Services to disclose any information which is material to the
determination of entitlement to the patent term extension sought.

(14)  The prescribed fee for receiving and acting upon the application for extension.

The Commissioner is hereby authorized to charge the $1,120.00 fee under 37 CFR 1.20(j)(1) for
receiving and acting upon the application for patent term extension to Applicant’s Deposit
Account No. 01-0535. Additionally, the Commissioner is authorized to charge any other fees
related to this filing or credit any overpayment to Applicant’s Deposit Account. A Fee
Transmittal Form (PTO/SB/17) is enclosed for this purpose.

(15)  The name, address, and telephone number of the person to whom inquiries and
correspondence relating to the application for patent term extension are to be directed.

Please direct all inquiries and correspondence relating to this application to:

Molly A. Holman, Ph.D., J.D.
Executive Director, Intellectual Property
Amylin Pharmaceuticals, Inc.

9360 Towne Centre Drive

San Diego, CA 92121

Telephone: (858) 642-7084

Facsimile: (858) 552-1936

e-mail: molly.holman@amylin.com

or

David R. Marsh, Ph.D.
Amold & Porter LLP

555 Twelfth Street, NW
Washington, DC 20004-1206
Telephone: (202) 942-5068
Facsimile: (202) 942-5999
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This Application 1s submitted together with two duplicate copies as required under 37
C.F.R. § 1.740(b) and two additional duplicate copies of the application pursuant to M.P.E.P. §

2753, for a total of four copies and one original.

A Return Receipt Postcard is also attached so that the Office can notify Applicant that

this complete application has been received.

Respectfully submitted,

WOL ML

Molly A. Holman, Ph.D., J.D.
Registration No. 40,022

AMYLIN PHARMACEUTICALS, INC.
9360 Towne Centre Drive

San Diego, CA 92121

(858) 642-7084
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Patents
Attorney Reference: 213/080

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant in re: Gaeta et al. )
)

Patent No.: 5,686,411 )
)

Serial No: 08/447,849 )
‘ )

Issued: November 11, 1997 )
)

Filed: May 23, 1995 )
)
)

For: AMYLIN AGONIST PEPTIDES AND
USES THEREFOR

Revocation of Prior Power of Attorney,
Appointment of New Attorneys of Record and
Change of Correspondence Address

Mail Stop Patent Extension
Commissioner for Patents
P.0. Box 1450

Alexandria, VA 22313-1450
Sir:

Amylin Pharmaceuticals, Inc. is the assignee of the entire right, title and interest in the
above-identified patent by virtue of the assignment recorded on January 6, 1992 at the U.S.
Patent and Trademark Office at Reel 5934, Frame 0449, and a name change recorded on July
16, 1997 at Reel 8635, Frame 0563. The undersigned, having express authority to represent
Amylin Pharmaceuticals, Inc. as assignee, hereby revokes all powers of attorney heretofore
given in the above-captioned application and appoints the attorneys listed below with full power

of substitution, association, and revocation, to prosecute said application and to transact all

business in the U.S. Patent and Trademark Office connected therewith.



Molly A. Holman, Reg. No. 40,022 Timothy Torchia, Reg. No. 36,700
James E. Butler, Reg. No. 40,931 Joanna L. Moore, Reg. No. 44,950

of Amylin Pharmaceuticals, Inc.
and

Practitioners at Amold & Porter, Customer No. 44638

Please address future correspondence to:

Molly A. Holman, Ph.D., J.D.
Executive Director, Intellectual Property
Amylin Pharmaceuticals, Inc.

9360 Towne Centre Drive

San Diego, CA 92121

Telephone: (858) 642-7084

Facsimile: (858) 552-1936

E-mail: mholman@amylin.com

Or to:

David R. Marsh

ARNOLD & PORTER

Attn: TP Docketing Department
555 Twelfth Street, NW
Washington, DC 20004-1206
Telephone: (202) 942-5000
Facsimile: (202) 942-5999

6 Mowy, 2005

Date 0 Lloyd A. Réwland
Vice President Legal and General Counsel
AMYLIN PHARMACEUTICALS, INC.
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L7/ ABSTRACT

Agonist anatogues of amylin and related pharmaceutical
compositions, and methods of treatment of diabetes and
other insulin-requiring states, as well as methods of treat-

ment of hypoglycemia, are provided.

45 Claims, 3 Drawing Sheets
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FIGURE 2
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FIGURE 3
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AMYLIN AGONIST PEPTIDES AND USES
THEREFOR

“This s a continuation of application Sez. No. 07/794,266

filed on Nov. 19, 1991, now abandoned, which is a 5.

continuation-in-part of U.S. application Ser. No. 07/667,040
filed Mar. 8, 1991 (abandoned), which is hereby incarpo-
rated by reference.

BACKGROUND

1. Field of the Invention

The field of the invention is medicine, particularly the
treatment and prevention of hypoglycemic conditions and
other conditions in which ephanced amylin action is of
benefit, including insulin-requiring states such as diabetes
mellitus. More specifically, the invention relates to the
preparation and use of agonist analogues of the peptide
hormone amylin. ’

2. Description of Related Art and Introduction to the
Invention -

Diabetes mellitus is a scrious metabolic discase that is
defined by the presence of chronically clevated levels of
blood glucose (hyperglycemis). This state of hyperglycemia
is the result of a relative or absolute lack of activity of the

- peptide hormone, insulin. Insulin is produced and secreted

by the B cells of the pancreas. Insulin is reported to promote
glucose utilization, protein synthesis, and the farmation and
storage of neutral lipids. Glucose, the principal source of
carbohydrate energy, is stored in the body as glycogen, a
form of polymerized glucose, which may be converted back
into glucose to meet metabolism requirements. Under nor-
mal conditions, insulin is secreted at both a basal rate and at
enhanced rates following glucose stimulation, all to main-
tain metabolic homeostasis by the conversion of glucose into
glycogen. :

The term diabetes mellitus encompasses several different
hyperglycemic states. These states include Type 1 (insulin-
dependent diabetes mellitus or IDDM) and Type 2 (non-
insulin-dependent diabetes mellitus or NIDDM) diabetes.
The hyperglycemia present in individuals with Type I dia-
betes is associated with deficient, reduced, or nonexistent
Ievels of insulin which are insufficient to maintain blood
glocose levels within the physiological range. Trestment of
Type 1 disbetes involves administration of replacement
doses of insulin, generally by the parenteral route. The
hyperglycemia present in individuals with Type II diabetes
is initially associated with normal or elevated levels of
insulin; however, these individuals arc unable to maintain
metabolic homeostasis due to a state of insulin resistance in
peripheral tissues and liver and, as the disease advances, due
to a progressive deterioration of the pancreatic P cells which
are responsible for the secretion of insulin. Thus, initial
therapy of Type 2 diabetes may be based on dict and lifestyle
changes augmented by therapy with oral hypoglycemic
agents such as sulfonylureas. Insulin therapy is often
required, however, especially in the latter stages of the
discase, in attempting to produce some control of hyperg-
lycemia and minimize complications of the disease. Thus,
many Type 2 diabetics ultimately require insulin in order to
survive.

Amyloid is the name given to extracellular deposits of
gheet protein filaments. Deposits of amyloid material have
been reparted to be found in pancreas of patients with Type
2 diabetes mellims. Other stadies bave indicated that the
degree of amyloid depositions increases with the degree of
hyperglycemia in humans and the severity of Type 2 diabe-
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tes. Chemical analysis of pancreatic amyloid led to the
surprising and unexpected discovery of the peptide
hormone, amylin. Clark, A., et al., Laneet ii: 231-234
(1987). This peptide was discovered to be comprised of 37
amino acids, none of which are acidic residues, to have a
disnlfide linkage between the Cysteine residucs at positions
2 and 7, and to be C-terminally amidated. Amylin is the
major protein constituent of the amyloid which is reported to
be found in the pancreatic Islets of Langerhans in patients
with type 2 diabetes mellitus.

It has been that the presence of both the intramo-
lecular cystine bridge and the carbaxy terminal amide group
in the peptide structure of the synthetic molecule yield the
greatest tiological activity to inhibit glycogen synthesis in
skeletal muscle. E.g., Cooper, G. J. S., et al,, Proc. Natl.
Acad. Sci. (U.S.A.) 84:8628-8632 (1987); Cooper G. 1. S.,
et al, in Diabetes 1988, ed. Larkins, R., Zimmet, P. &
Chisholm, D. (Elsevier, Amsterdam), pp. 493496 (1989).
The amino acid sequence of amylin (see FIG. 1) has 46%
homology with human calcitonin gene related peptide 2
(CGRP-2). :

One report states that a limited segment of the amylin

" molecule, residues 20-29, is a potential contributor toward

2
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amyloid fibril formation in the islets of Langerhans in Type
2 diabetes mellitus. Glenner et al., Biochem. Biophys. Res
Commun, 155:608-614 (1988). It has also been reparted that
amino acid sequence differences between amylins from
certain mammalian species occur in this region, and further
investigation has focused on identifying residues linked to
amyloid formation. Westermark et al., Proc. Natl. Acad. Sci.
(USA) 87: 5036-5040 (1990). The study of Westermark et
al. reported attempts to synthesize various 20-29 amino acid
segments of amylin sequences from different species fol-
lowed by a comparison of their ability to form amyloid
fibrils. It was proposed that the residues 25-29 of human
amylin were the most strongly amyloidogenic and that the
proline-for-serine substitution in position 28, as in several
rodent species, significantly inhibited fibril formation in the
studied decapeptides. )

Amylin is a complex peptide, and the synthesis of bio-
active preparations of amylin is laborious. Amylin has also
been found to have limited solubility and limited stability in
solution. We have found that rat amylin has a higher
solubility and stability in solution than human amylin. This
may be due in some measure, although this is not known, to
the different aggregation properties of the amylins from
different species. Only the human, non-human primate, and
cat species of amylin have been reported to aggregate to
form islet amyloid in vivo. The sequences of amylin now
reported to have been isolated from a number of species are
set forth in FIG. 2.

In Type I diabetes, amylin levels are severely reduced or
are nonexistent when compared to normal controls. In the
discase state of Type I diabetes mellitus, the B-cells, which
are the producers of insulin and amylin, have been destroyed
by an autoimmune process. Amylin has been proposed to be
useful in the treatment of disbetes mellitus and

. hypoglycemia, including insulin-induced hypoglycemia. it

]
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has also been proposed that the co-administration of insulin
with amylin is a superior therapy to the existing adminis-
tration of insulin alone, and that coadministration of amylin
with glocagon for the treatment of hypoglycemia is a
superior therapy to the existing administration of glucagon
alone. It would be useful to provide, for such purposes and
others, less complicated compounds that have the activities
of pative human amylin, as well as compounds which may
show enhanced solubility and/or stability over native human
amylin. Such compounds are described and claimed herein,
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SUMMARY OF THE INVENTION

The present invention is directed to novel analogues of the
peptide hormone amylin. These compounds mimic the
effects of amylin, and are referred to as amylin agonists o
as agonist analogues of amylin.

The invention is also directed to pharmaceutical compo-
sitions comprising the agonist analogues of the present
invention, and to methods of treatment and prevention of
hypoglycemic conditions and other conditions in which
cohanced amylin action is of benefit, including insulin-
requiring states such as diabetes mellitus, comprising
administering an agonist analogue of amylin to an animal
(alone or in conjunction with an insulin or a glucagon).
Definitions

As used herein, the following terms have the following
meanings unless expressly stated to the contrary:

The term “alkyl™ refers to both straight- and branched-
chain alkyl groups. The term “lower alkyl™ refers to both
straight- and branched-chain alkyl groups having a total of
from 1 to 6 carbon atoms and includes primary, secondary
and tertiary alkyl groups. Typical lower alkyls include, for
example, methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, t-butyl, n-pentyl, n-hexyl, and the like. :

The term “aryl” refers to carbocyclic aromatic groups of
6 to 14 carbon atoms such as phenyl and naphthyl, as well
as heterocydic aromatic groups containing 1 to 3 heteros-
toms (nitrogen, oxygen, sulfur, etc.) such as pyridyl,
triazolopyrazine, pyrimidine and the like.

The term “aralkyl”™ refers to an “aryl” group of 6 to 10
carbon atoms directly attached to an “alkcyl” group of 1 to 4
carbon atoms and includes for example benzyl,
p-chlorobenzyl, p-methylbenzyl, and 2-phenylethyl.

The term “cycloalkyl™ refers to cyclic alkyl groups of 5 to
8 carbon atoms.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts the amino acid sequence of human amylin,

FIG. 2 depicts a comparison of amino acid sequences of
amylins isolated from several mammals.

FIG. 3 depicts the amino acid sequence of novel amylin
agonist peptides.

DETAILED DESCRIPTION OF THE
INVENTION

According to the preseat invention, novel agonist ana-
logues of amylin are provided. These analogues are useful as
agozists of amylin, including as hyperglycemics, and may
be represented by FIG. 3.

In one aspect, the present invention is directed to agonist
analogues of FIG. 3, wherein A, is hydrogen Lys, Ser, Ala,
des-a-amino Lys, or acetylated Lys; B, is Ala, Ser o Thr; C,
is Val, Leu o7 IIe; D, is His or Arg; E, is Ser or Thr; P, is
Sax, Thr, Gin ar Asn; G, is Asn, Gln or His; H, is Phe, Leu
or Tyr: 1, is Ala or Pro; J, is Ile, Val, Ala or Ley; K is Ser,
Pro, Leu, Iie or The; ansSa Pro or Thr; M, is Asn, Asp
o Gin; X and Y arc independently selected residues having
tide chains which are chemically bonded to cach other to
form an intramolecular linkage; and Z is hydroxy, amino,
alkylamino, dialkylamino, cycloalkylamino, arylamino,
aralkylamino, alkyloxy, arylomy or aralkyloxy; provided that
(a) when A, isLys, B, is Ala, C, is Val, D, is His, B, is Ser,
F, is Ser, G, is Asn, H, is Phe, I, is Ala, J, is Ile, K, is Ser,
L, is Ser, and M, is Asn; (b) when A, is Lys, B, is Als, C,
is e, D, is Arg, E, is Sa. F, is Sar, G, is Asn, H, is Leu,
I, is Ala, J, is e, K, is Ser, L, is Pro, and M, is Asn; (c)
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when A, is Lys, B, is Ala, C, is Val, D, is Arg, B, is Thr,
F,isSea, G, isAsn, H, is Len, I, is Als, J, is Ile, K, is Sex,
L, is Pro, and M, is Asn; (d) when A, is Lys, B, is Ala, C;
is Val, D, is Arg, E, is Ser, F, is Sez, G, is Asn, H, is Leu,
I, is Pro, J, is Val, K, is Pro, L, is Pro, and M, is Asn; (¢)
when A, is Lys, B, is Als, C, is Val, D, is Bis, B, is Ser, F,
is Asn, G, is Asn, H, is Leu, 1, is Pro, J, is Val, K, is 8«1,
L, is Pro and M, is Asn; or (f) when A, is Lys, B, is Thr,
C,isVal, D, is Arg, E, is Ser, F, is Sex, G, is His, H, is Leu,
I,isAls, J, is Ala, K, isLeu, L, is Pro and M, is Asp; then
onemmeofmyofA.toM,mnotmlrmnoaadmd
Z is not amino.

Suitable side chains for X and Y include groups derived
from alkyl sulfhydryls which may form disulfide bonds;
alkyl acids and alkyl amines which may form cyclic lactams;
alkyl aldehydes or alkyl halides and alkylamines which may
condense and be reduced to form an alkyl amine bridge; or
side chains which may be connected to form an alkyl,
alkenyl, alkynyl, ether or thioether bond. Preferred alkyl

- chaips include lower alkyl groups having from about 1 to

20

about 6 carbon atoms.
An additional aspect of the present invention is directed to

_agonist analogues of FIG. 3 which are not bridged, and
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wherein X and Y are independently selected from Ala, Ser,
Cys, Val, Leu and D¢ or alkyl, aryl, or aralkyl esters and
cthers of Ser or Cys.

Biologically active derivatives of the above FIG. 3 ago-
nist analogues are also included within the scope of this
invention in which the stereochemistry of individual amino
acids may be inverted from (L)/S to (DV/R at one or more
specific sites.

Also induded within the scope of this invention are the
agonist analogues modified by glycosylation of Asn, Ser
and/or Thr residues.

Biologically active agonist analogues of amylin are
included within the scope of this invention which contain
less peptide character, Such peptide mimetics may include,
for example, one or more of the following substitations for
—CO—NH— amide bonds: depsipeptides (—CO—0—),
iminomethylenes (—CH,—NH—), trans-alkenes
(—CH=CH—), B-cnaminonitrdles (—C(=CH—CN)—
NH—), thicamides (—CS—NH-), thiomethylenes (—S—
CH,— or —CH,—S—), methylenes (—CH,—C,—) and
retro-amides (—NH—CO—).

Compounds of this invention form salts with various
inarganic and organic acids and bases. Such salts incnde
salts with organic and inorganic acids, for example,
H(l, HBr, H,SO,, H,PO,, triflucroacetic acid, acttic acid,
formic acid, methanesulfonic acid, toluenesulfonic acid,
maleic acid, fumaric acid and camphorsulfonic acid. Salts
prepared with bases include, for exampie, ammonjum salts,
alkali metal salts (such as sodium and potassium salts) and
alkali earth salts (such as calcium and magnesium salts).
Acetate, hydrochloride, and triflucroacetate salts are pre-
ferred.

The salts may be formed by conventional means, as by
reacting the free acid or base forms of the product with one
or more equivalents of the appropriate bast or acid in a
solvent or medium in which the salt is insoluble, or in a
solvent such as water which is then removed in vacuo or by
freeze-drying or by exchanging the ions of an existing salt
for another fon on a suitable jon exchange resin.

The compounds of the invention include various stereoi-
somers. In the preferred compounds of this invention, the
chiral centers on the peptide backbone are all S.

Compounds of the present inveation may be prepared by
using certain conventional coupling reactions known in the
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peptide art. The analogues of this invention are prepared by
successively adding the desired amino acid to a growing
peptide chain. Typically, an a-N-carbamoy] protected amino
acid and an amino acid attached to the growing peptide chain
on‘afesin Support are reacted at room temperature in an ipest
solvent such as N-methylpyrrolidone, dimethylformamide
or methylene chlaride in the presence of coupling agents
such as dicyclohexylcarbodiimide 1-hydroxybenzotriazole
in the presence of a base such as diisopropylethylamine. The
0-N-carbamoy] protecting group is removed from the result-
ant peptide with a reagent such as trifleoroacetic acid or
piperidine, and the coupling reaction repeated with the next
desired N-protected amino acid. Suitable N-protecting
groups are known in the art, with t-butyloxycarbonyl herein
preferred.

Certain preferred methods for synthesis are described in
the commonly-assigned copeading and commonly assigned
patent application Ser. No. 667,040 (“Synthetic Preparation
of Amylin and Amylin Analogs™, filed Mar. 8, 1991). These
methods provide for solid phase synthesis of a peptide which
comprises amylin or an amylin analog which has ¢phanced
biological activity and is substantially free of deletion: and
other contaminating peptides wherein said peptide is syn-
thesized using successive synthesis cycles, whereby in each
such synthesis cycle, a designated amino acid is added to a
growing peptide chain attached to an insoluble resin support
by formation of a peptide linkage between an oi-amino group
of the growing peptide chain and on o-carboxyl of the
designated amino acid; and wherein each synthesis cycle
comprises: (a) treating the growing peptide chain under
o-amino deprotecting conditions to remove an (-amino
group; (b) activating the a-carboxy! group of the a-amino
protected designated amino acid; (c) contacting the growing
peptide chain and the designated amino acid under coupling
conditions to form a peptide linkage between the free
or-amino for the peptide chain and the activated o-carboxyl
of the designated amino acid; and (d) repeating steps (b) and
(c) if the coupling efficicncy of step (c) is less than about
97%. 1t is preferred to repeat steps (b) and (c) if the coupling
efficiency is less than about 99%. In another- prefered
aspect, steps (b) and (¢) are repeated in each synthesis cycle.
Optionally, the coupling efficiency is measured after each
coupling stcp.

Suitable coupling conditions indude use of a solvent
system which meximizes swelling of the solid support,
minimizes secondary structure elements of the peptide chain
during synthesis cycles, and minimizes intrapeptide and
interpeptide hydrogen bonding. Preferably the synthesis
cycle includes’ a capping step after the coupling step(s)
wherein unreacted or-amino groups of the peptide chain are
rendered unreactive. The synthesis cycle is successively
repeated using appropriate protected o-amino acids to give
amylin or an amylin analog of specified sequence. After
completions of the successive synthesis cycles, said amylin
or amylin anglog is cleaved from the solid support. It is
preferred that the cysteine residues of the peptide chain are
selectively deprotected and an intramolecular disulfide bond
is formed befare cleaving the peptide bond from the solid
support.

Suitable o-amino protective groups imclude
t-butoxycarbonyl and 9-fluorenylmethoxycarbonyl. In one
prefared aspect, when t-butoxycarbonyl is used as the
o-amino protecting group, the a-carboxyl groups are acti-
vated using dicyclohexylcarbodiimide and
1-hydroxybenzotriazole to form 1-hydroxybenzotriazole
esters. A particularly preferred solvent system comgprise
N-methylpyrrolidone.
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The preparation of certain agonist anslogues of amylin
within the invention is described in Examples 1 to 17 herein.
In addition, other agonist analogues which may be prepared
according to the sbove procedures are set forth in Table I
herein. The compounds of the invention may also be pre-
pared using recombinant DNA techniques, using methods
now known in the art. See, ¢.g., Sambrook et al., Molecular
Cloning: A Laboratory Manual, 24 Ed., Cold Spring Harbor
(1989).

The nomenclature of the compounds of the present inven-
tion can be used to indicate both the peptide that the
sequence is based on and the modifications made to any
basic peptide amylin sequence, such as human amylin. An

‘amino acid preceded by a superseript number indicates that

the named amino acid replaces the amino acid normally
present at the amino acid position of the su ipt in the
basic amino acid sequence. For example, “!°Arg?**Pro-h-
amylin” refers to a peptide based oo the sequence of
“h-amylin” or “human-amylin™ having the following sub-
stitutions: Arg replacing His at residue 18, Pro replacing Ala
at residue 25 and Pro replacing Ser at residue 28. The term
“des-'Lys-h-amylin” refers to a peptide based on the
sequence of human amylin, with the first, or N-terminal,
amino acid deleted,

The agonist analogues of amylin of this invention are
useful in view of their pharmacological properties. In
particular, compounds of this invention possess activity as
amylin agonist ageats, as will be evidenced by activity in the
receptor binding assay and the soleus muscle assay
described in Examples 18 and 19, respectively. Amylin
agonist activity of compounds may also be assessed by the
ability to induce hyperlactemia and/or hypergtycemia in
mammals. In addition to the description of compounds
pursuant to FIG. 3, certain preferred oompounlds are setforth
in Table L The prefared compounds des- Lys-h-amylin,
**Pro-h-amylin, ******Pro-h-amylin, '®Arg?>**Pro-h-
amylin, and des-!Lys'®Arg®**Pro-h-amylin, all show amy-
lin activity in vivo in treated test animals, provoking marked
hyperlactemia followed by hyperglycemia. In addition to
having activities characteristic of amylin, certain of the
preferred compounds of the invention have also been found
to possess more desireable solubility and stability charac-
teristics when compared to human amylin. These preferred
compounds include "’Proz"Val"'”I);lrnc;-h-amyli:ﬁf 23,28,
29Pro-h-amylin, and **Arg***°Pro-h-amylin.

Compounds described herein which are ially pre-
ferred include ®Arg?*?®Pro-h-amylin, des-!Lys!®Arg®
2sPro-h-amylin, '®Arg?%-2%2°Pro-h-amylin, des-
ILys'®Arg****®Pro-h-amylin, ****>Pro-h-amylin, des-
ILys28 h-amylin, and **Pro**Val***Pro-h-amylin.
Still further amylin agonist peptide compounds are listed in
Table IL They include:

2 t0**Pro**Val***Pro-h-amylin;

ZLen*Pro**Val**Pro-h-amylin;

des-'Lys®Leu**Pro**Val**Pro-h-amylin;

B AR Leu®Pro®®Val®Pro-h-amylin;

8 Arg*’Leu® % Pro-h-amylin;

18 Arg*1 eu?>**Pro-h-amylin;

 "Re®Leu®****Pro-h-amylin;
1711¢52%Pro-h-amylin;

des-*Lys" " Ne**Leu™2**Pro-h-amylin;

170e® Arg®Leu-h-amylin;

711¢18 ArgLeu*Val*Pro-h-amylin;

116" ArgLet**Pro®Val** ®Pro-h-amylin;
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I His®Leu?* Als*Leu™Pro->' Asp-h-amylin;
T HisLeo™ Alt®Pro® Asp-h-amylin;
des-'Lys">Thr ' His®Leu** Ala®Pro® Asp-h-amylin;
1 Thr Arg?  His®Len? Ala®Pro™' Asp-h-amylin;
3Thrt Arg®! His®Leu*Pro®! Asp-h-amylin; and,
Thr!® Arg?' HisLeu®’Pro?*Ala®*2°Pro®  Asp-h-

amylin.

The compounds of this inveation can be combined with
pharmaceutical cammiers to prepare pharmaceutical forms
suitable for parenteral administration. Experimental
responses of the compounds support the clinical application
of such ical compositions in the treatment of
diabetes mellitus and other insulin-requiring states, as well
as in the prevention and treatment of episodes of hypogly-
cemia. The of this invention can also be com-
bined with insulin for the treatment of diabetes mellitus and
other insulin-requiring states. By “insulin” is meant a
polypeptide or its equivalent useful in regulation of blood
glucose levels. A general description of such insulins is
provided in Goodman and Gilman's The Pharmacological
Basis of Therapeutics, 8th Ed., Pergamon Press (1990). Such
insulips can be fast acting, intermediate acting, or long
acting. Various dezivatives of insulin exist and are useful in
this invention. See, e.g.. U.S. Pat. Nos. 5,049,547, 5,028,
587, and 5,016,643. Insulin peptides are also useful (see,
¢.g., US. Pat. No. 5,008,241), as arc analogues (sec, c.g.,
U.S. Pat. Nos. 4,992,417 and 4,992.418). Such compositions
can be administered by any standard route, including nasal
sdministration (see, e.g., US. Pat. Nos. 4988512 and
4985242, and 2 BioWorid Today, No. 125 (1991)). The
compounds of this invention are also useful in combination
with a glucagon for thé prevention and treatment of
bypoglycemia. See Young et al., U.S. application Ser. No.
07/640,478, filed Jan. 10, 1991, cntitled “Hyperglycemic
Cunpoaiﬂms which is incorporated herein by reference.

or pmduets of the invention may conve-
niently be provided in the form of solutions suitable for
parenteral (including intravenous, intramuscular and
subcutaneous) or pasal or aral administration. In many
cases, it will be convenicnt to provide an agonist analogue
of amylin and an insulin or glucagon in a single composition
or solution for administration together. In other cases, it may
be more advantageous to administer an insulin or a glucagon
separately from said agonist analogue. A suitable adminis-
tration format may best be determined by a medical prac-
tioner for cach paticot individually. Suitable pharmaceuti-
cally acceptable carriers and their formulation are described
in standard formulation treatises, e.g., Remington’s Phar-
maceutical Sciences by B. W, Martin. Sce also Wang, Y. I.
and Hansoa, M. A. “Purenteral Formulations of Proteins and
Peptides: Stability and Stzbilizers,” Jounal of Parenteral
Science and Technology, Technical Repart No. 10, Supp.
42225 (1988). Suitable formulations including insulin or
glucagon are kmown in the art.

The agodist preparations of the invention may be stabi-
lized at neutral pH. Since the products of the invention are
amphoteric they may be utilized as free bases, as acid
addition salts or as metal salts. The salts must, of course, be

ically acceptable, and these will include metal
salts, particularly alkali and alksline earth metal salts, e.g.,
potassium or sodium salts. A wide variety of pharmaceuti-
cally acceptable acid addition salts are available, as
described above. These include those prepared from both
arganic and inarganic acids, preferably mineral acids. Typi-
cal acids which may be mentioned by way of example
include citric, succinic, lactic, hydrochloric and hydrobro-
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8
mic acids. Such products are readily prepared by procedures
well known to those skilled in the art.

The products of the invention will normally be provided
as parenteral compositions for injection or infusion. They
can, for example, be suspended in an inert oil, suitably a
vegetable oil such as sesame, peanut, or olive oil
Alternatively, they can be suspended in an aqueous isotonic
buffer solution at a pH of about 5.6 to 7.4. Useful buffers
include sodium citrate-citric acid and sodium phosphate-
phospharic acid. A form of repository or “depot™ slow
releasc preparation may be used so that therapeutically
effective amounts of the preparation are delivered into the
bloodstream over many hours or days following transdermal
injection.

The desired isotonicity may be accomplished using
sodium chleride or other pharmaceutically acceptable agents
such as dextrose, boric acid, sodium tartrate, propylene
glycol, polyols (such as mannitol and sorbitol), or other
inorganic or organic solutes. Sodium chloride is preferred
particularly for buffers containing sodium ions.

If desired, solutions of the above compositions may be
thickened with a thickening agent such as methyl cellulose.
They may be prepared in cranlsified form, either water in oil
or oil in water. Any of a wide varicty of pharmaceutically
acceptable emulsifying agents may be employed including,
for example, acacia powder, a non-ionic surfactant (such as
a Tween), or an ionic surfactant (such as alkali polyether
alcohol sulfates or sulfonates, e.g., a Triton).

The therapeutically useful compositions of the invention
are prepared by mixing the ingredicnts following generally
acoepted procedures. For example, the selected components
may be simply mixed in a blender or other standard device
to produce s concentrated mixture which may then be
adjusted to the final concentration and viscosity by the
addition of water or thickening agent and possibly a buffer
to control pH or an additional solute to control tonicity.

For use by the physician, the compositions will be pro-
vided in dosage unit form containing an amount of an
agonist compound with or without insulin or glucagon
which will be effective in one or multiple doses to contral or
reestablish blood sugar at the selected level. Therapeutically
effective amounts of an agonist analogue of amylin as
described herein for the treatment of hypoglycernia are those
that increase blood sugar levels, preferably to above 80
mg/dl. Therapeutically effective amounts of such agonist
analogues for the treatment of diabetes mellitus and other
insulin-requiring states are those sufficient to provide for
reduced incidence of insulin overdose or undesired hypogly-
cemia. As will be recognized by those in the field, an
effective amount of therapeutic agent will vary with many
factors including the age and weight of the patient, the
patient’s physical condition, the blood sugar level to be
obtained, and other factors. Typical dosage units for treat-
ment of disbetes mellitus will contain from about 0.1 to S mg
of an amylin agonist compound and, if desired, about 0.5 to
about 10 mg of an insulin. Typical dosage units for the
treatment of hypoglycemia will contain about 0.5 to 1.0 mg
of an amylin agonist compound and, if desired, the art
recognized quantity, or less, of a ghicagon.

As set forth above, compositions uscful in the invention
are formulated by standard procedure. These compositions
are also administered by standard procedure. Suitable doses
are readily determined by those in the art, examples of which
are provided above.

To assist in understanding the present invention, the
following examples are inclnded which describe the results
of a series of experiments. The following examples relating
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to this invention should not, of course, be construed as
specifically limiting the invention. Such variations of the

- invention, now known or later developed, which would be
within the purview of one skilled in the art are considered to
fall within the scope of the present invention as hereinafter
claimed,

EXAMPLES

Example 1

Preparation of ZPro-human- Amytin

Solid phase synthesis of this analogue of human (*h-")
amylin using methylbenzhydrylamine anchor-bond resin
and N*-Boc/beazyl-side chain protection was carried out by
standard peptide synthesis methods. The >-{disulfide]
amylin-MBHA-resin was obtained by treatment of Acm-
protected cysteines with thallium (1) trifluoroacetate in
triflucroacetic acid. After cyclization was achieved the resin
and side chain protecting groups were cleaved with liquid
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hydrofluoric acid (“HF™) in the presence of dimethylsulfide -

and anisolc. The 2*Pro-h-amylin was purified by preparative
HPLC. The peptide was found to be homogeneous by
analytical HPLC and capillary electrophoresis and the struc-
ture confirmed by amino acid analysis and sequence analy-
sis. The product gave the desired mass jon. FAB mass spec:
(M+1Ye=3914.

Example 2
Preparation of 2*Pro**Val***Pro-h-Amylin

Solid phase synthesis of this amylin analogue using
methylbenzhydrylamine anchor-bond resin and N°-Boc/

benzyl-side chain protection was camied out by standard 4

peptide synthesis methods. The *7-[disulfide]amylin-
MBHA-resin was obtained by treatment with thallium (III)
triflueroacetate in trifluaroacetic acid. After cyclization was
achicved the resin and side chain protecting groups were
cleaved with liquid HF in the presence of dimethylsulfide
and anisole. The ”Ho”Val”'gm-h-amylin was purified
by preparative HPLC. The peptide was found to be hamo-
geneous by analytical HPLC and capillary electrophoresis
and the structure confirmed by amino acid analysis and
scquence analysis. The product gave the desired mass jon.
‘'FAB mass spec: (M+1)/e=3936.

Example 3

Preparation of ”Cyclo-[2Asp,'Lys]-h-Amylin

Solid phase synthesis of this amylin analogue using
methylbenzhydrylamine anchor-bond resin and N°-Boc/
benzyl-side chain protection was carried out by standard
peptide synthesis methods, Asp and *Lys were introduced
with Boc-Asp(Fmoc)-OH and Boc-"Lys(Fmoc)-OH. Fol-
lowing selective side-chain deprotection with piperidine the
side~chain to side-chain (*Asp-"Lys) cyclization was carried

%
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ture confirmed by amino acid analysis and scquence
sis. FAB mass spec: (M+1)e=3925.

* Example 4°
Preparation of des-'Lys-h-Amylin

Sclid phase synthesis of des-'Lys-h-amylin (also repre-
sented as 2>’h-amylin) using methylbenzhydrylamine
anchor-bond resin and N°-Boc/benzyl-side chain protection
was carried out by standard peptide synthesis methods. The
7. {disulfide]amylin-MBHA-resin was obtained by treat-
ment of Acm-protected cysteines with thallium (IIT) triflue-
roacetate in trifleoroacctic acid. After cyclization was
achicved the resip and side chain protecting groups were
Cleaved with liquid HF in the presence of dimethylsulfide
and anisole. The des-*Lys-h-amylin was purified by prepara-
tive reversed-phase HPLC. The peptide was found to be
homogencous by analytical HPLC and capillary electro-
phoresis and the structure confirmed by amino acid analysis
and sequence analysis. The product gave the desired mass
jon. FAB mass spec: (M+H)*=3,775.

~ Example 5
Preparation of 'Ala-h-Amylin

Solid phase synthesis of *Ala-h-amylin using methylben-
zhydrylamine anchor-bond resin and N°-Boc/benzyl-side
chain protection was carried out by standard peptide syn-
thesis methods. The >”-[disulfide)amylin-MBHA-resin was
obtained by treatment of Acm-protected cysteines with
thallium (1) triflucroacetate in trifluoroacetic acid. After
cyclization was achieved the resin and side chain protecting
groups were cleaved with liquid HF in the presence of
dimethylsulfide and anisole. The *Ala-h-amylin was purified
by preparative reversed-phase HPLC. The peptide was
found to be homogencous by analytical HPLC and capillary
electropharesis and the structure confirmed by amino acid
analysis and sequence analysis. The product gave the desired
mass ion. FAB mass spec: (M+H)"=3,847. .

Example 6
Preparation of !Ser-h-Amylin

Solid phase synthesis of *Ser-h-amylin using methylben-
zhydrylamine anchor-bond resin and N°-Boc/benzyl-side
chain protection was carried out by standard peptide syn-
thesis methods. The 3*-[disulfide]Jamylin-MBHA-resin was
obtained by treatment of Acm-protected cystsines with thal-
Lium (I trifflucroacetate in trifluoroacetic acid. After
cyclization was achicved the resin and side chain protecting
groups were cleaved with liquid HF in the presence of
dimethylsulfide and anisole. The 'Ser-h-amylin was purified

analy-

" by preparative reversed-phase HPLC. The peptide was

55

out using benzotriazol-1yl-oxy-tris(dimethylamino)- -

phosphonium hexafluorophosphate (BOP reagent). Cycliza-
tion was as described in Di Maio, J., et al,. J. Med. Chem.

33:661-667 (1990); Felix, A. M., et L, Int J. Pept. Prot.

Res. 32:441 (1988). The *7cyclo-[*Asp, Lys}amylin-
MBHA-resin obtained after cyclization was cleaved with
liquid HF in the presence of dimethylsulfide and anisole.
The **cyclo-[2Asp, Lys}-b-amylin was purified by prepara-
tive HPLC. The peptide was found to be homogencous by
analytical HPLC and capillary electrophoresis and the struc-
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found to be homogeneous by analytical HPLC and capillary
electrophoresis and the structure confirmed by amino acid
analysis and sequence analysis. The product gave the desired
mass ion. FAB mass spec: (M+H)*=3,863.

Example 7
Preparation of **Pro-h-Amylin
Solid phase synthesis of this analogue of human amylin
using methylbenzhydrylamine anchor-bond resin and
N°-Boc/benzyl-side chain protection was carried out by
standard peptide synthesis methods. The >7-[disulfide]
amylin-- MBHA-resin was obtained by treatment of Acm-
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protected cysteines with thallium (III) triffucroecetate in
trifluoroacetic acid. After cydlization was achieved the resin
and side chain protecting groups were cleaved with liquid
HF in the presence of dimethylsulfide and anisole. The

tin was purified by preparative HPLC. The
peptide was found to be homogeneous by analytical HPLC
and capillary electrophoresis and the structure confirmed by
mﬂnolddmdydsmdseqmceamlysis.’rhepoma
gave the desired mass jon. FAB mass spec: (M+H)'=3916.

Example §
Prepanation of **#*Pro-h-Amylin
Solid phase synthesis of 25*Pro-h-amylin using methyl-
benzhydrylamine anchor-bond resin and N°-Boo/benzyl-
side chain protection was camied out by standard peptide
synthesis methods. The *7.[disulfide}amylin-MBHA resin
was obtained by treatment of Acm-protected cysteines with
thaltium (IIT) trifivoroacetate in triflucroacetic acid. After
cyclization was achicved the resin and side chain protecting
groups were cleaved with liquid HF in the presence of
dimethylsulfide and anisole. The 233‘Pro-h-amylin was
purified by preparative reversed-phase HPLC. The peptide
was found to bc homogencous by analytical HPLC and
capillary electrophoresis and the structure confirmed by
amino acid analysis and sequence apalysis. The product
gave the desired mass ion. FAB mass spec: (M+H)*=3,939.
Example 9
Preparation of des-'Lys****Pro-h-Amylin
Solid phase synthesis of des-'Lys*>**Pro-h-amylin using
methylbenzhydrylamine anchor-bond resin and N°-Boc/
benzyl-side chain protection was carried out by standard
peptide synthesis methods. The *7-[disulfide]amylin-
MBHA-resin was obtained by treatment of Acm-protected
cysteines with thallium (III) trifludroacetate in trifluaroace-
tic acid. After cyclization was achieved the resin and side
chain protecting groups were cleaved with liquid HF in the
presence of dimethylsulfide and anisole. The des-'Lys®*
2Pro-h-amylin was purified by preparative reversed-phase
HPLC. The peptide was found to be homogencous by
analytical HPLC and capillary electrophoresis and the struc-
ture confirmed by amino acid analysis and scquence analy-
sis. The product gave the desired mass ion. FAB mass spec:
(M+H)*=3,811.
Example 10
Preparation of **Arg®**Pro-h-Amylin
Solid phase synthesis of *Arg™?*Pro-h-amylin using
methylbenzhydrylamine anchor-bond resin and N°-Boc/
benzyl-side chain protection was carried out by standard
peptide synthesis methods. The *7-[disulfide]amylin-
MBHA-resin was obtained by treatment of Acm-protected
cysteines with thallium (II) triflucroacetate in triffuaroace-
tic acld. After cyclization was achieved the resin and side
chain protecting groups were cleaved with liquid HF in the
presence of dimethylsulfide and anisole. The **Arg™**Pro-
h-amylin was purified by preparative reversed-phase HPLC.
The peptide was found to be homogencous by analytical
HPLC and electropharesis and the structure con-
firmed by amino acid analysis and sequence analysis. The
product gave the desired mass jon. FAB mass spec: (M+H)
*=3,959.

Example 11
Preparation of des-'Lys!*Arg?***Pro-h-Amylin
Solid phase synthesis of des-"Lys'®Arg®2*Pro-h-amylin
using methylbenzhydrylamine anchor-bond resin and
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N®-Boc/benzyl-side chain protection was carried out by
standard peptide synthesis methods. The >’-[disulfide]
amylin-MBHA-resin was obtained by treatment of Acm-
protected cysteines with thallium (II) triflucroacetate in
triflucroacetic acid. After cyclization was achieved the resin
and side chain protecting groups were cleaved with liguid
HF in the presence of dimethylsulfide and anisole. The
des-"Lys"®Arg**3*Pro-h-amylin was purified by preparative
reversed-phase HPLC. The peptide was found to be homo-
geneous by analytical HPLC and capiliary electrophoresis
and the structure confirmed by amino acid analysis and
sequence analysis. The product gave the desired mass ion.
FAB mass spec: (M+H)'=3,832.

Example 12

Preparation of ! %pro-h-Amylin

Solid phase synthesis of *Arg®5***Pro-h-amylin using
methylbenzhydrylamine anchor-bond resin and N°-Boc/
benzyl-side chain protection was camried out by standard
peptide synthesis methods. The >7.[disulfide]amylin-
MBHA-resin was obtained by treatment of Acm-protected
cysteines with thallivm (III) triftucroacctate in trifluaroace-
tic acid. After cyclization was achieved the resin and side
chain protecting groups were cleaved with liquid HF in the
presence of dimethylsulfide and anisole. The 'SArg®**
2sPro-h-amylin was purified by preparative reversed-phase
HPLC. The peptide was found to be homogeneous by
analytical HPLC and capiliary electrophoresis and the struc-
ture confirmed by amino acid analysis and sequence analy-
sis. The product gave the desired mass ion. FAB mass spec:
M+H)*=3,971.

Example 13
Preparation of des-*Lys*®Arg*2%*Pro-h-Amylin

Solid phase synthesis of des-‘Lys'®Arg*****Pro-h-
amylin using methylbenzhydrylamine anchor-bond resin
and N*-Boc/benzyl-side chain protection was carried out by
standard peptide synthesis methods. The >7-[disulfide]
amylin-MBHA-resin was obtained by treatment of Acm-
protected cysteines with thallium (IIT) trifluoroacetate in
trifluoroacetic acid. After cydlization was achieved the resin
and side chain protecting groups were cleaved with liquid
HF in the presence of dimethylsulfide and anisole. The
des-"Lys'®Arg>****Pro-h-amylin was purified by prepara-
tive reversed-phase HPLC. The peptide was found to be
homogeneous by analytical HPL.C and capillary clectro-
phoresis and the structure confirmed by amino acid analysis
and sequence anslysis. The product gave the desired mass
ion. FAB mass spec: (M+H)*=3,843,

Example 14
Preparation of 2*?%%Pro-h-Amylin

Solid phase synthesis of >****Pro-h-amylin using meth-
ylbenzhydrylamine anchor-bond resin and N°-Boc/benzyl-
side chain protection was carried out by standard peptide
synthesis methods. The 27-{disulfide}amylin-MBHA-resin
was obtained by treatment of Acm-protected cysteines with
thallium (T0) triflucroacetate in trifluoroacetic acid. After
cyclization was achieved the resin and side chain protecting
groups were cleaved with liquid HF in the presence of
dimethylsulfide and anisole. The ******Pro-h-amylin was
purified by preparative reversed-phase HPLC. The peptide
was found to be homogeneous by analytical HPLC and
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capilary electropharesis and the structure confirmed by
amino acid analysis and sequence analysis, The product
gave the desired mass ion. FAB mass spec: (M+H)"=3,949.

Example 15
Preparation of des-"Lys®****Pro-h-Amylin

Solid phasc synthesis of des-'Lys®*?**Pro-h-amylin

using methylbenzhydrylamine anchor-bond resin and
N°-Boc/benzyl-side chain protection was carried out by
standard peptide synthesis methods. The *’-[disulfide]
amylin-MBHA-resin was obtained by treatment of Acm-
protected cysteines with thallium (WII) triflucroacetate in
triflnaroacetic acid. After cydlization was achieved the resin
and side chain protecting groups were cleaved with liquid
HF in the o¢ of dimethylsulfide and anisole. The
des-'Lys™ > Pro-h-amylin was purified by preparative
reversed-phase HPLC, The peptide was found to be homo-
geneous by analytical HPLC and capillary electrophoresis
and the structure confirmed by amino acid analysis and
sequence analysis. The product gave the desired mass ion.
FAB mass spec: (M+H)*=3,823.

Example 16 -

Preparation of des-'Lys**Pro**val®®®_Pro-h-
Amylin :

Solid phase synthesis of this h-amylin analogue using
_ methylbenzhydrylamine anchor-bond resin and N°-Boc/
benzyl-side chain protection is carried out by standard
peptide synthesis methods, and the *’-[disulfide]amylin-
MBHA-resin obtained by treatment with thallium (III) trif-
Iuoroacetate in trifluoroacetic acid. After cyclization is
achieved the resin and side chain protecting groups are
cleaved with liquid HF in the presence of dimethylsulfide
and anisole. The des-'Lys®Pro**Val®**Pro-h-amylin is
then purified by preparative HPLC.

Example 17

Preparation of [(D)-'!Arg]-Amylin

Solid phase synthesis of this amylin analogue using
methylbenzhydrylamine anchor-bond resin and N®-Boc/
benzyl-side chain protection is carried out by standard
peptide szuﬂmsis methods. (D)-!'Arg is introduced with
Boc{(D)-"* Arg(Mtr)-OH. The *’-[disulfide]amylin-MBHA-
resin, obtained by treatment with thallium (IIT) triffucroac-
etate in trifluoroacetic acid, is cyclized and the resin and side
chain peotecting groups are cleaved with liquid HF in the
presence of dimethylsulfide and anisole. The [(D)-*!Arg}-
amylin is then parified by preparative HPLC.

Example 18

Receptor Binding Assay

Evaluation of the binding of compounds of the invention
to amylin receptors was carried out as follows. ‘2Lrat
amylin (Bolton-Hunter labeled at the N-terminal lysine) was
purchased from Amersham Corporation (Arlington Heights,
IIL). Specific activities at time of use ranged from 1950 to
2000 C/mmol. Unlsbeled peptides were obtained from
BACHEM Inc. (Torrance, Calif.) and Peninsula Laborato-
ries (Belmoat, Calif.).

Male Sprague-Dawley rats (200-250) grams were sacti-
ficed by decapitation. Brains were removed to cold
phosphate-buffered saline (PBS). From the ventral surface,
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cuts were made rostral to the hypothalamus, bounded later-
ally by the olfactory tracts and extending at a 45° angle
medially from these tracts. This basal forebrain tissue,
containing the nucleus accumbens and surounding regions,
was weighed and homogeaized in ice-cold 20 mM HEPES
buffer (20 mM HEPES acid, pH adjusted to 7.4 with NaOH
at 23° C.). Membranes were washed three times in fresh
buffer by centrifugation for 15 minutes at 43,000xg. The
final membrane pellet was resusperded in 20 mM HEPES
buffer containing 0.2 mM - phenylmethylsulfonyl fluaride
(PMSF).

To measure ***I-amylin binding, membranes from 4 mg

original wet weight of tissue were incubated with I
amylin at 12-16 pM in 20 mM HEPES buffer containing 0.5
mg/ml bacitracin, 0.5 mg/ml bovine serum albumin, and 0.2
mM PMSF. Solutions were incubated for 60 minutes at 23°
C. Incubations were terminated by filtration through GF/B
glass fiber filters (Whatman Inc., Clifton, NJ.) which had
been presoaked for 4 hours in 0.3% poylethyleneimine in
order to reduce nonspecific binding of radiclabeled peptides.
Filters were washed immediately before filtration with S ml
cold PBS, and immediately after filtration with 15 ml cold
PBS. Filters were removed and radioactivity assessed in a
gamma-counter at a counting efficiency of 77%. Competi-
tion curves were generated by measuring binding in the
presence of 107'2 to 10°M unlabeled test compound and
were analyzed by nonlinear regression using a 4-parameter
logistic equation (Inplot program; GraphPAD Scftware, San
Diego).
" In this assay, purified human amylin binds to its receptor
at a measured ICy, of about 50 pM. Results for test com-
pounds of the invention are set forth in Table I, showing that
each of the compounds has significant receptor binding
activity. :

Example 19

Soleus Muscle Assay

Evaluation of the amylin agonist activity of compounds of
the invention was carried out using the soleus muscle assay
as follows, Male Harlan Sprague-Dawley rats of approxi-
mately 200 g mass were used in order to maintain mass of
the split soleus muscle less than 40 mg. The animals were -
fasted for 4 hours-prior to sacrifice by decapitation. The skin
was stripped from the lower limb which was then pinned out
on corkboard. The tendo achilles was cut just above os calcis
and m. gastrocnemius reflected out from the posterior aspect
of the tibia. M. soleus, a small 15-20 mm long, 0.5 mm thick
flat muscle on the bone surface of m. gastrocnemius was
then stripped clear and the perimysium cleaned off using fine
scissors and forceps. M. soleus was then split into equal parts
using a blade passed antero-posteriorly through the belly of
the muscle to obtain a total of 4 muscle strips from cach
animal. After dissecting the muscle from the animal, it was
kept for a shart period in physiological saline. It was not
necessary that the muscle be held under tension as this had
no demonstrable effects on radioglucose incorporation into
glycogen, ‘

Muscles were added to 50 mL Erlenmeyer flasks contain-
ing 10 mL of a pregassed Krebs-Ringer bicarbonate buffer
containing (each liter) NaCl 118.5 mmol (6.93 g), KC15.94
mmol (443 mg), CaCl, 2.54 mmol (282 mg), MgSO, 1.19
mmeal (143 mg), KH,PO, 1.19 mmol (162 mg), NaHCO, 25
mmol (2.1 g), 5.5 mmol glucose (1 g) and recombinant
human insulin (Humolin-R, Eli Lilly, Indiana) and the test
compound, as detailed below. pH at 37° C. was verified as
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being between 7.1 and 7.4. Muscles were assigned to
different flasks so that the 4 muscle pieces from each animal
were cvenly distributed among the different assay condi-
tions. The incubation media were gassed by gently blowing
carbogen (95% O,, 5% CO.) over the surface while being
coatinuoumly agitated st 37° C. in an oscillating water bath.
After a half-bour “preincubation” period, 0.5 pCi of U-*C-
glucose was added to each flask which was incubated for a
further 60 minutes. Each muscle piecc was then rapidly

removed, blotted and frozen in liguid N, weighed and 10

stored for subsequent determination of **C-glycogen.
14C_giycogen determination was performed in a 7 mL

scintiliation vial. Each frozen muscle specimen was placed

in a vial and digested in 1 mL 60% potassium hydroxide at

70° C. for 45 minutes under continuous agitation. Dissolved 13

glycogen was precipitated out onto the vial by the addition
of 3 mL absolute cthanol and overnight cooling at -20° C.
The supernatant was gently aspirated, the glycogen washed
again with ethanol, aspirated and the precipitate dried under

vacuum. All ethanol is evaporated to avoid quenching dur- 20

ing scintillation counting. The remaining glycogen was
redissolved in 1 ml. water and 4 mL scintillation fluid and
counted for *C.

The rate of glucose incorporation into glycogen

(expressed in ymolighr) was obtained from the specific 2

activity of **C-glocose in the 5.5 mM glucose of the
incubation medium, and the total *C counts remaining in
the glycogen extracted from cach muscle. Dose/response
curves were fitted to a 4-parameter logistic model using a
least-squares iterative routine (ALLFIT, v2.7, NIH,
Maryland) to derive BEC,y’s. Since EC,, is log-normally
distributed, it is expressed + standard errar of the logarithm.
Pairwise comparisons were performed using t-test based
routines of SYSTAT (Wilkinson, “SYSTAT: the system for
statistics,” SYSTAT Inc., Evanston 1Il. (1989)) .

30
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some commercial preparations which are less than 90% pure
have higher ECy,'s duc to the presence of contaminants that
result in a lower measured activity. Results for test com-
pounds are set forth in Table L, showing that each of the
compounds has amylin activity.

TABLEI

Receptor

Bindi

Asszy Soleus Muscle
Ky (M) Asszy ECy, (nM)

264
4.68
6.6
1.63
12.78
8.70
378
1320
7.0
28
.7

150
18.0
310.0
350
148.0
330
64.0
26.0
85.0
320
820
210
210
10.0
140

1) ®Pro-h-Amytin

2) BPro®Val™**Pro-h-Amylin

3) ¥Cyclo-*Aspy"LysHr-Amylin
4) ¥ b Amglin

$5) 'Ala-h-Amylin

6) 'Ser-h-Amylin

7) ®Pro-b-Amylin

8) P2%Pro-h-Amylin

9) des-'Lys?**%Pro-h-Amylin

10) **Arg®*#*Pro-b-Ammylin

11). des-Lys** Arg?®?*Pro-b-Amylin
12) ‘*Arg?*3*2%pro-h. Amylin

13) desYLys**Arg®>#2%Pro-h-Amylin
14) ¥%®pro.h.Amylin

15) des-'Lys*™*?*®Pro-b-Amylin

TABLE II

0

o
-
L

N

30) Hydrogen
31) Lys
32) Lys
33) Lys
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EEEEEEFVFPFFPEESEES
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TR AR R R R AR
FREEREKNKEXKERKKRR
T T T T 1 1 d 11 A L
FERREREENEIEREEREE|”
TrEEeETEEITIFTIFTT|-
EREEEEEEVEVRFRRESES |~
FISTNEINNITTITTITT
FTFETIITEITINTRERT |
EEEEEEEERRERBRRRRE|®

HESEEEEERNRRERS

Dose response curves were gcnemed.wim muscles added
to media containing 7.1 M (1000 pU/mL) insulin and each

test compound added at final (nominal) concentrations of 0, ¢

1, 3, 10, 30, 100, 300 and 1000 oM. Each assay also
contained internal positive controls consisting of a single
batch of archived rat amylin, lyophilized and stored at ~70°
C

Human amylin is a known hyperglycemic peptide, and 65

BCs, measurements of amylin preparations in the soleus
muscle assay range typically from about 1-10 nM, although
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SBQUENCE LISTING

( 1 ) GENERAL INPORMATION:

(iii ) NUMBER OF SBQUENCES: 33

(‘z ) INFORMATION POR SBQ ID NO:1:, :

( i ) SBQUENCE CHARACTERISTICS:
( A ) LENOTH: 37 amiso acids
( B ) TYPE: anino acid
( € ) STRANDEDNESS: single
( D ) TOPOLOGY: Linear

(i ) MOLBCULE TYPR: peptide
( z i ) SBQUENCE DESCRIPTION: SBQ ID NO: 1:

Lys Cys Asn Thr Als Tbr Cys Ala Thr Oln Arg Lew Ala Ass Phe
1 H 10 15

Leun Val His Ses Ser Asn Asa Phe Oly Ala Ile Lou Pro Ser The
20 25, 30

Asa Val Gly Ser Asa Thr Tyr
33

( 2 ) IRFORMATION POR SEQ [D NO2:

{ i ) SBQUENCE CHARACTERISTICS:
( A ) LENGTH: 37 amino acids
{ B ) TYPE: amino acids
{ C ) STRANDEDNESS: single
{ D ) TOPOLOGY: Enear

(i) MOLBCULE TYPE: pepride
(1 i ) SBQUENCE DESCRIPTION: SEQ ID NO2:

Lys Cys Ass Thr Ala Thr Cys Ala Tbr Gla Arg Leuw Alas Asa-Phe
1 H 10 15

Leuw Val His Ser Se¢r Asn Asn Phe Gly Pro Val Leu Pro Psro Thr
20 25 30

Asn Val Gly Ser Asan Thr Tyr
95

{ 2 ) INFORMATION FOR SEQ ID NO3:

{ i ) SBQUENCE CHARACTERISTICS:
(A ) LENGTE: 37 amino acids
(B ) TYPE: arcino acid
{ C ) STRANDEDNESS: singhe
( D ) TOPOLOGY: Jineax

(i i }MOLBCULE TYPE: peptide
( x i ) SBQUENCE DESCRIPTION: 5EQ ID NO2:

Lys Asp Asn Tht.Aln Thbr iyu Alas Thr OGla Arg Lou Ala Asno Phe
t 3 10 15

Leo Val His Ser Ssr Ass Ass Phe Oly Ala lle Leun Ser Ser The
20 . 28 30

Asn Val Gly Ser Asa Th1 Tyz
33

( 2 ) INFORMATION FOR SBQ ID NO4:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTE: 36 amino acids
(B ) TYPE: amino acid
{ C ) STRANDEDNESS: singlo'
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( D ) TOPOLOGY: Enem
(i i )MOLBCULE TYPE: peptide
(3 | ) SBQUENCE DESCRIPTION: SBQ [D NO#:

Cys Ass Thr Ala Thr Cys Ala Thr Gles Arg Lov Ala Asws Pbo Leu
1 5 1o 15

Val His Ser 5er Asn Asn Phe Oly Ala !le Lov Scxr Scr Thr Asa
20 25 30

Val Oty 8Ser Asa Thr Ty:
33

( 2 ) INFORMATION FOR SBQ ID NOS:

(i )SBQUENCE CHARACTERISTICS:
{ A ) LENGTH: 37 amino acids
{ B ) TYPE: amieo acid
{ C ) STRANDEDNESS: tiaght
{ D ) TOPOLOGY: Exneat

( i i ) MOLBCULE TYPE: peptide
( 1 i ) SBQUENCE DESCRIPTION: SBQ ID NO:S:

Ala Cys Asan Thr Ala Thr Cys Ala Thr Glon Arg Leu Ala Asn Pbe Lev
] 5 10 13

Vsl His Ser Ser Ass Asa Phe Gly Alas Ile Lev Ser Ser Thr Asa Val
20 23 30

Oly Ser Asa Tdr Ty:z
35
( 2 ) INFORMATION FOR SBQ ID NOS:
{ i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 37 smiao acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: linsar
(i i )MOLECULE TYPE: paptide
( i ) SBQUENCE DESCRIPTION: SEQ ID NOS:

Ser Cys Asa Thr Ala Thr Cys Als Thr Glao Arg Lev Ala Asn Phe
1 3 10 15

Leu Val Hias Ser Ser Asa Asn Phe Gly Ala Ilo Leu Ser Ser Thry
20 25 30

Asn Val Gly Ser Asn Thr Tyr
. 3s
( 2 ) INFORMATION FOR SBQ ID NO:7:
( i ) SBQUENCE CHARACTERISTICS:
( A ) LENGTH: 37 agiao acide
( B ) TYPE: mino asid
( € ) STRANDEDNESS: siangle
( D ) TOPOLOGY: linex
( 4 # ) MOLBCULR TYPE: pagtide
( x i ) SBQUENCE DESCRIPTION: SBQ ID NO:T:

Lys Cys Asn Thr Als Thr Cys Ala Thr Gla Asg Leu Alas Asa Phe
3 3 10 15

Leu Val Bis Ser Ser Asa Asas Phe Gly Ala 1le Loeu Ser Pro Thr
20 15 30

Ass Vsl Gly Ser Asas Thr Tyr
3s
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( 2 ) INFORMATION FOR SEQ ID NO:3:

(i )SBOUENCE CHARACTERISTICS:
( A ) LENOTH: 37 amino acids
( B ) TYPE: azizo acid
( € ) STRANDEDIESS: singlo
( D ) TOPCLOGY: Eacar

(i i )MOLBOULB TYPE: poptide
(% i )SBQUENCE DESCRIPTION: §BQ [D NO&:

Lys Cye Asa Thbr Alas Thr Cyse Ala Thr Gln Arg Leno Alas Asn Phe
1 H 10 135

Lev Vsl His Ser Sez Ass Asn Pbe Gly Pro Ile Leu Pro Ser Thr
20 33 30

Asa Val ‘Gly Ser Asn Thr Tyr
. 35
( 2 ) INFORMATION FOR SBQ ID NOS:
( i ) SBQUENCE CHARACTERISTICS:
{ A ) LENGTH: 36 amiso acids
¢ B ) TYPE: amino acid
( C ) STRANDEDNESS: singlo
( D ) TOPOLOGY: finexs
(i i )MOLBCULE TYPE: peptide
( x i ) SBQUENCE DESCRIPTION: SBQ ID NO9:

Cys A»n Thr Ala Thr Cys Ala Thr Gln Arg Leuw Als Asn Phe Leu
1 5 10 15

Val Bis Ser Ser Asn Asn Pbe Gly Pro Ile Lev Pro Ser Thr Asn
20 . : 25 30

Vn} Gly Ser Asn Thr Tyr
33
( 2 ) INFORMATION FOR SEQ 1D NO:10:
{ i ) SBQUENCE CHARACTERISTICS:
( A ) LENGTH: 37 amiso acids
( B ) TYPE: mmino ackd
( € ) STRANDEDNESS: single
( D ) TOPOLOGY: Enear
{ 4§ i ) MOLECULE TYPE: pegeide .
( x i ) SBQUENCE DESCRIPTION: SBQ ID NO:10:

Lys Cys Asn Thr Ala Thr Cys Ala Thr Gln Arg Lecu Als Asn Pho
1 - H 10 15

Leu Val Arg Ser Ser Asa Asa Phe Gly Pro Ile Leuw Pro Seor Thr
20 . 25 30

Asas Val Oly Ser Asa Thr Tyr
’ 3s
{ 2 )INFORMATION POR SBQ ID NO:11:
( i ) SBQUENCE CHARACTERISTICS:
( A ) LENOTH: 36 mmino acids
( B ) TYPE: smino scid
( € ) STRANDEDNESS: xingle
( D ) TOPOLOGY: Einesr
(i i ) MOLBCULE TYPE: peptide

( x i ) SEQUENCE DESCRIFTION: SBQ [D NO:11:
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Cys Asa Thr Ala Thr Cys Ala Thr Ol!a Arg Loo Arg Asm Phe Lou
1 3 10 15

Va) His Ser Setr Ass Asn Phe Gly Pzo Ile Leu Proc Ser Tbr Aszan
20 35 , 30

Val CGly Ser Asa ThHr Tyrs
38

( 2 ) INFORMATION FOR SBQ [D NO:12:
( i ) SBQUENCE CHARACTERISTICS:

( A ) LENGTH: 37 amino acice -
(B ) TYPR: amino &cid
{ € ) STRANDEDNESS: single
( D ) TOROLOOT: Enexr

( i i ) MOLBCULE TYPE: peplie

(2 i ) SBQUENCE DESCRIPTION: SBQ ID NO:12:

Lye Cys Asn Thr Ala Th: Cys Als Thy Ol{ Arg Leu Ala Asn Phoe
1 3 10 13

Leu Val Azg Ser Sor Asno Asa Phe QGly Pro Ile Leu Pro Pro Thbr
20 25 30

Asmn Val Gly Ser Ass Thr Tyr
33
{ 2 ) INFORMATION FOR SBQ ID NO:13;
( i ) SBQUENCE CHARACTERISTICS:
( A ) LENGTH: 36 amino acide
( B ) TYPE: amiso scid
{ C ) STRANDEDINESS: singlo
( D ) TOPOLOOY: Enear
(i i ) MOLBCULE TYPE: pegtide
( 2 i ) SBQUENCE DESCRIPTION: SEQ ID NO:13:

Cys Ass T2r Als Thr Cys Als Thr Glno Arg Leu Als Asn Phe Lesw
1 s . 10 15

Val Az1g Sor Ser As» Asn Phe QGly Pro Ilec Leu Pro Pro Thr Asn
- 30 25 30

Val Oly Sex Asa Thr Tyr
33
( 2 ) INFORMATION POR SBQ ID NO:14:
( i ) SBQUENCE CHARACTERISTICS:
( A ) LENOTH: 37 mmiso acids
( B ) TYPE: sssino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOOY: Lissae
( i i ) MOLBCULE TYPE: peptide
( 3 i ) SBQUENCE DESCRIFTION: SEQ ID NO:14:

Lys Cye Asn Ths Ala Thr Cys Ala Ths QGla Arg Lou Als Ara Phe Lou
1 s 10 15

Val His Ser Ssz Asx Asm Pho Aly Pro 1lo Leu Pro Pro Thr Asa Val
20 1s 3o

Oly Ser Asn Thrs Ty:s
3s
( 2 ) INFORMATION FOR SBQ ID NO:15:

( i ) SBQUENCE CHARACTERISTICS:
( A ) LENOTH: 36 amino acids



5686411
25 - 26
-contimued

(B ) TYPE: amino acid
( € ) STRANDEDNESS: siagl
( D ) TOROLOGY: Ecear
(i i ) MOLECULE TYPE: prytide
(x i ) SBQUENCE DESCRIPTION: SBQ ID NO:15:

Cys Ass Thr Alas Thr Cys Ala Thr Glao Arg Leu Ala Ass Phe Len
1 s 10 18

Val His Ser Ser Asn Asa Pho Gly Pro Ile Leu Pro Pre Thr Asn
20 23 30

Val Gly Ser Asn Tht Tyr
35

(2 ) INFORMATION FOR SBQ ID NO:16:

(i ) SBQUENCE CHARACTERISTICS:
. ( A ) LENGTH: 13 amino acids
(B ) TYPE: amino acid
{ C ) STRANDEDNESS: single
( D ) TOPOLOOY: finear

(i i )MOLBCULE TYPE: peptide
( x i ) SEQUENCE DESCRIPTION; SBQ ID NO:16:
Lys Ala Val His Sor Ser Asn Leu Pro Val Pro Pro Asa
1 ) L] 10
{ 3 ) INFORMATION POR SBQ ID NO:17:
( 1 ) SEQUENCE CHARACTERISTICS:
{ A ) LENGTH: 13 amino acids
{ B ) TYPE: amino acid
{ C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar
( i i ) MOLECULE TYPE: peptide
( x i ) SBQUENCE DESCRIPTION: SBQ ID NO:17:
Lys Ala Val His Ser Sor Asn Leuw Pro Val Pro Ser Asn
i s . 10
( 2 ) INFORMATION FOR SBQ 1D NO:18:
( i ) SBQUENCE CBARACTERISTICS:
" ( A }LENOTH: 12 smisc acids
( B ) TYPE: amino scid
( C ) STRANDEDNESS: stiagle
{ D ) TOPOLOGY: Einear
( i i )MOUBCULE TYPE: pegtides
(2 i ) SBQUENCE DESCRIPTION: SBQ ID NO:18: *
Ala Vgl His Ser Ser Asa Len Pro Val Pro Ser Asan
1 s 10
( 2 ) INFORMATION FOR SBQ ID NO:19:
i ) SBQUENCE CHARACTERISTICS:
( A ) LENGTE: 13 mmino acide
(B ) TYPE: aino acid :
( C ) STRANDEDNESS: siaglo
( D ) TOPOLOGY: Fxent
( 1 1 ) MOLBCULE TYPE: peptide
( x i ) SBQUENCE DESCRIPTION: SBQ ID NO:19:

Lys Ala Val Arg Ser Ser Asn Lou Pso Val Pro Ser Asn
1 3 10
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( 2 ) INFORMATION FOR SBQ 1D NO2O:

( i ) SBQUENCE CHARACTERISTICS:
( A ) LENGTH: 13 amino acis
(B ) TYPB: mnino ssid
. € ) STRANDEDINESS: singhe
{ D ) TOPOLOQY: limear

( § i ) MOLBCULB TYPE: peptide
( » } ) SBQUENCE DESCRIPTION: SBQ ID NO20:
Lys Alas Vsl Arg Sor Ser Ass Leu Pro Ile Pro Pro Asa
1 3 10
{ 2 ) INFORMATION FOR SBQ ID NO21:
( i ) SBQUENCE CHARACTERISTICS:
( A ) LENGTH: 13 smiso acide
( B ) TYPE: amino acid
( C ) STRANDEDNESS: singlo
{ D ) TOPOLOGY: Encar
(i3 )MOUBCULB TYPE: peptide
( = i ) SBQUENCE DESCRIPTION: SBQ ID NO:21:
Lys Ala Val Arg Ser Ser Asn Lev Pro Ile Pro Ser Asn
1 E] 10
{ 2 ) INFORMATION POR S5Q ID NO2:
( i ) SBQUENCE CHARACTERISTICS:
{ A ) LENOTH: 13 amino acids
{ B ) TYPE: aitzno xcid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: Linear
(i i ) MOLBCULE TYPE: psptide
( x i ) SBQUENCE DESCRIPTION: SBQ D NO:22:
Lys Ala Ile His Ser Ser Asn Leuv Prc Jle Pzo Pro Asan
] 5 1o
( 2 ) INFORMATION POR SBQ ID NO23:
( i ) SBQUENCE CHARACTERISTICS:
{ A ) LENGTR: 13 amino acide
( B ) TYPE: aniiso xcid
( C ) STRANDEDNESS: saglc
( D ) TOPOLOOY: e
( i i ) MOUBCULE TYPE: pagtide
( % i ) SBQUENCS DESCRIPTION: SBQ ID NO23:
Lys Ala 1o His Ser Sor Asan Pbe Pro [lc Pro Pro Asa
1 s 10
{ 2 Y INFORMATION FOR SBQ ID NO24:
{ i ) SBQUENCE CHARACTERISTICS:
( A ) LENOTH: 12 amiso i
( B ) TYPE: mmino acid
( € ) STRAKDEDINESS: singlo
( D ) TOPOLOGY: knemr
( 3 i ) MOLBCULE TYPE: pegtile
(2 i ) SBQUENCE DESCRIPTION: SBQ ID NO4:

Ala Ile His Ser Secr Ass Lou Preo Ile Pro Pro Asn
1 ) 10
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( 2 ) INFORMATION POR SBQ ID NO22s:

( i ) SBQUENCE CHARACTERISTICS:
{ A ) LENGTE: 13 amino acids
( B ) TYPB: amino acid
{ C ) STRANDEDNESS: singlo
{ D ) TOPOLOGY: Encar

(1 t ) MOLBCULE TYPE: peptide
( x i ) SBQUENCE DESCRIPTION: SEQ ID NO23:
Lys Ala 1le Arg Ser Sor Asn Leu Ala Ile Ser Ser Asa
1 3 _10
{ 2 ) INFORMATION FOR SEQ ID NO:26:
( i ) SBQUENCE CHARACTERISTICS:
( A ) LEROTH: 13 aino acids
{ B ) TYPE: smino acid
{ C ) STRANDEDNESS: single
( D ) TOPOLOGY: linear
( i i- ) MOLECULE TYPE: peptide
(i ) SBQUENCE DESCRIPTION: SBQ 1D NO:26:
Lys Ala Ile Arg Ser Ser Asn Leu Ala Val Ser Pro Asa
1 5 10
( 2 ) INFORMATION FOR SEQ ID NO27:
( i ) SBQUENCE CHARACTERISTICS:
( A ) LENGTH; 13 amino acids
(B ) TYPE: amino acid
( € ) STRANDEDNESS: singlo
( D ) TOPOLOGY: fincar
{ i i ) MOLECULE TYPE: peptide
( x i ) SBQUENCE DESCRIPTION: SEQ ID NO:27:
Lys Als Ile Arg Scr Sexr Asn Leu Pro Val Pro Pro Asn
1 5 10
{ 2') INFORMATION FOR SBQ 1D NO228:
( i ) SBQUENCE CHARACTERISTICS:
( A YLENGTH: 13 amino acids
( B ) TYPE: smino acid
[ C ) STRANDEDNESS: 1ngle
{ D ) TOPOLOGY: Erex
‘(i i ) MOLBCULE TYPE: pepaide
(= i ) SBQUENCE DESCRIPTION: SBQ ID N028:
Lys Thr Val HBis Ser Ser His Lou Als Ala Leu Pro Asp
1 5 10
{ 2 ) INFORMATION FOR SEQID NO29:
{ i ) SBQUENCE CHARACTERISTICS:
( A ) LENOTH: 13 amino acids
{ D ) TYPE: amino acid
{ C ) STRANDEDNESS: tinglo
{ D ) TOPCLOGY: linear
(i1 ) MOLBCULE TYPE: pegiide
( % i ) SBUENCE DESCRIFTION: SBQ ID NO:29;

Lys Tbr Val His Scr Ser His Lou Ale Alas Ser Pro Asp
1 3 10
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( 2 ) INFORMATIOR FOR SBQ 1D NO:30:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENOTH: 13 iz acids
{ B ) TYPE: amino &id
{ € ) STRANDEDNESS: tiagle
{ D ) TOPOLOGY: Enear

( i i ) MOLBCULE TYPE: peptids

( 2 i ) SBQUENCE DESCRIPTION: SBQ ID NO:30:

Thr Vsl His Ser Socr His Levu Ala Ala Pto Ser Asp

1 3

( 2 ) INFORMATION FOR SBQ ID NO31:

( i ) SBQUENCE CHARACTERISTICS:
( A ) LENGTH: 13 amino acide
( B )TYPE: amiso acid
( € ) STRANDEDNESS: tisgle
( D )TOPOLOGY: nsar

( i i ) MOLBCULE TYPE: peptide

(2 i ) SBQUENCE DESCRIPTION: SBQ ID NO31:

Lys Td: Val Arg Ser Ser His Lev Ala Ala Ser Pro Asp

1 3

{ 2 ) INFORMATION FOR SBEQ 1D NO:32:

( i ) SBQUENCE CHARACTERISTICS:
( A ) LENGTH: 13 smino acids
( B ) TYPE: amiac acid
( € ) STRANDEDNESS: tiagle
{ D ) TOPOLOGY: linear

(i i )MOLBCULE TYPE: peptide

{ x i ) SBQUENCB DESCRIFTION: SBQ ID NO:32:

Lys Thr Val Asg Ser Ser His Leu Ala

1 ]

{ 2 ) INFORMATION FOR SBQ ID NO33:

( i ) SBQUENCE CHARACTERISTICS:
( A ) LENGTH: 13 amiso acide
( B ) TYPE: smino acid
( C ) STRANDEDNESS: singlo
( D ) TOPOLOGY: Emsar

( i i )MOLBCULE TYPE: pepside
( = i ) SBQUENCE DESCRIPTION: $BQ ID NO3;

10

Ile Pro Pro Asp
10

Lys Thr Val Azg Ser Ser His Lou Pro Alas Pro Pro Asp

1 3

10

‘We claim:

1. An agonist analogue of amylin having the amino acid

sequence:

A, =X=An=Thr=Als=ThY ~ Ah~Ttr =Gl — Arg—
Leu=~B, = Asa=""Phe = Lou =~C, =D, =E, = *F, ~ G, ~
Am~H, ~Gly="Pro~, ~Leu=Pro—J, = *Thr~K, -
Wl ~Cly~Ser—"Azn—Thr— T —2
wherein

Ay is Lys, Ala, Ser o hydrogen;

B, is Ala, Ser or Thr;

C, is Val, Leu or Die;

55

D, is His or Arg;

B, is Ser or Thr;

F, is Sex, Thr, Gln or Asn;

G, is Asn, Gln or His;

H, is Phe, Leu or Tyr;

1, is De, Val, Ala or Leu;

J, is Sez, Pro or Thr;

K, is Asn, Asp or Gin;

6 X and Y are independently selected amino acid residues
baving side chains which are chemically bonded to each
other to form an intramolecular linkage, wherein said
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intramolecular linkage is a disulfide bond, a lactam or a

thioether linkage; and Z is amino, alkylamino, dialkylamino,
cycloalkylamino, arylamiro, aralkylamino, alkyloxy, ary-
loxy ar aralkyloxy; and provided that when A, is Lys, B, is

Ala, C, is Val, D, is Arg, B, is Ser, P, is Ser, G, is Asp, H, -

isLeu, I; is Val, J, is Pro, and K, is Asn; then one or mare
of A, to K; is a D-amino acid and Z is selected from the
group consisting of alkylamino, dialkylamino,
cycloalkylamino, arylamino, aralkylamino, alkyloxy, ary-
loxy ar aralkyloxy. ,

2. An agonist analogue of amylin according to claim 1
wherein X and Y are Cys residues linked by a disulfide bond.

3. An agonist analogue of amylin according to claim 2
wherein Z is amino. :

4. An agonist analogue of amylin having the amino acid
sequence:

A, =X=Am—Tir=*Ak=Tir~Y = Al =Thr = ""Gln = Arg~
Leu=B, - Asi— *Pho = Leu=C, =D, —E, ~*F, =G, ~
A~ H, =Gly=*Pro—1, =Leu=1J, ~ Pro="Thr = K, ~
Val~Gly = Ser—PAm—Tur~Tyr—Z
wherein

A, is Lys, Ala, Sex or hydrogen;

B, is Ala, Ser or Thr;

C, is Val, Leu or Le;

D, is His or Arg;

E, is Ser or Thr;

F, is Ser, Thr, Gin or Asn;

G, is Asn, Gin or His;

H, is Phe, Leu or Tyr;

1, is He, Val, Ala or Leu;

J, is Ser, Pro, Leu, De or Thr;

K, is Asn, Asp or Gin;
X and Y are independently selected amino acid residues
having side chains which are chemically bonded to each
other to form an intramolecular linkage, wherein said
intramolecular linkage is a disulfide bond, a lactam or a
thioether linkage; and Z is amino, alkylamino, dialkylamino,
cycloalkylamino, arylamino, aralkylamino, alkyloxy, ary-
loxy or aralkyloxy; and provided that when

(3 A, isLys, B, is Ala, C, is Val, D, is Arg, E, is Ser, F,

is Ser, G, is Asn, H, is Len, I, is VaL J, is Pro and K,
is Asn; ar

10
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(b) A, is Lys, B, is Ala, C, is Val, D, is His, E, is Ser, F, .

is Asn, G, is Asn, H, is Leu, 1, is Val, J, is Ser and K,
is Asn;

then one or more of A, to K, is 8 D-amino acid and Z is
selected from the group consisting of alkylamino,
dialkylamino, cycloalkylamino, arylamino, aralkylamino,
alkyloxy, aryloxy or arafkyloxy.

S. An agonist analogue of amylin according to claim 4
wherein X and'Y are Cys residucs linked by a disulfide bond.

6. An agonist analogue of amylin according to claim §
whereln Z is amino. : )

7. An agonist analogue of amylin having the amino acid
sequence:
'A;=X—Am~Thr~3Al = Thr= Y = Al = The— "%Gln— Arg =
Leu=B, = Asn—3%Phe =Leu~C, —D, —B, — P, = G, —
Am=H, =Gly=2", =J, «Leu Pro—Pro~*Tr—K, -
Val=Gly=Ser="Am =Thr=Tyr=2
wherein

A, is Lys, Ala, Ser or hydrogen;

B, is Ala, Ser or Thr;

C, is Val, Leu or Le;

55

65

U

D, is His or Arg;

E, is Ser or Thr;

F, is Ser, Thr, Gin or Asn;

G, is Asn, Gin or His;

H, is Phe, Leu or Tyr;

1, is Ala ar Pro;

1, is Tle, Val, Ala or Leu;

K, isAsn, Asp or Gin; X and Y are independently sclected
amino acid residues having side chains which are
chemically bonded to cach other to foym an intramo-
lecular linkage, wherein said intramolecular linkage is
& disulfide bond, a lactam or a thioether linkage; and Z
is amino, alkylamino, dialikcylamino, cycloalkylamino,
arylamino, aralkylamino, alkyloxy, aryloxy or aralky-
loxy; and provided that when A, is Lys, B, is Ala, C,

. s Val, D, is Arg, E, is Ser, F, is Ser, G, is Asn, H, is
Ley, I, is Pro, J, is Val and K, is Asn; then one or mote
of A, to K, is a D-amino acid and Z is selected from the
group consisting of aralkylamino, dialkylamino,
cycloalkylamino, arylamino, aralkylamino, alkyloxy,
aryloxy or aralkyloxy. '

8. An agonist analogue of amylin according to claim 7

wherein X and Y are Cys residucs linked by a disulfide bond.
-9. An agonist analogue of amylin according to claim 8
wherein Z is amino.

10. An agonist analogue of amylin having the amino acd

sequence:

Ay =X—Asn=Thr—*Ala=Thr ~ Y= Ala=Thr = *°Cln= Arg~
Leu~B, — Am— "*Pbe—Leu—C, ~D, —E, = ®F, =G, —
Asn=H, =Gly = *Pro=1, ~Leu—Pro~Pro—®Tir = J, ~
Val—Gly —Ser=**Asn~Thr—Tyr—Z

wherein

A, is Lys, Ala, Ser or hydrogen;

B, is Ala, Ser or Thr;

C, is Val, Leu or Ie;

D, is His or Arg;

B, is Ser or Thr; :

F, is Ser, Thr, Gln or Asn;

"G, is Asn, Gln or His;

H, is Phe, Leu or Tyr;

1, is Dle, Val, Ala or Leu;

Jy is Asn, Asp or Gin; X and Y are independently selected
amino acid residues having side chains which are
chemically bonded to each other to form an intramo-
lecular linkage wherein said intramolecular linkage is a
disulfide bond, a lactam or a thivether linkage; and Z is
amiro, alkylamino, dialkylamigo, cycloalkylamino,
arylamino, aralkylamino, alkyloxy, aryloxy or aralky-
loxy; and provided that when A, is Lys, B, is Ala, C,
is Val, D, is Arg, B, is Ser, F, is Ser, G, is Asn, H, is
Len, I, is Val and J, is Asn; then one or more of A, to
K, is a D-amino acid and Z is selected from the group
consisting of alkylamino, dialkylamino,
cycloalkylamino, arylamino, aralkylamino, alkylaxy,
aryloxy or aralkyloxy.

11. An agonist analogue of amylin according to claim 10

wherein X and Y are Cys residues linked by a disulfide bond.

12. An agonist analogue of amylin according to claim 11

wherein Z is amino.

13. An agonist analogue of amylin acoording to any of

tlaims 1-12 wherein D, is Arg.

14. An agonist analogue of amylin according to any of

claims 1-6 or 10-12 wherein I, is Val.
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18. Anagonmmlogueofamylmmdmgtomyof
claims 7-9 where J, is VaL
16. An agonist apalogue of amylin according to any of
claims 1-12 wherein A, is hydrogen.
17.1¢ *Pro-h-amyli

amylin,
18. des-'Lys'®Arg®***Pro-h-amylin.
18 N Axx”m amylin

uL ?r-‘l.;s”"’”ﬁo—h—mylln.
2 ”no’xvnmﬁm

MAnagomtmlogmofamylinamdingtomyof
daims 1-16 which is an acetate salt.

28. An agonist analogue of amylin according to any of
claims 1-16 which is a triffuoroacetate salt.

26. An agonist analogue of amylin according to any of
claims 1-16 which is a hydrochloride salt.

27. A compound according to any of claims 17-23 which
is an acetate salt.

28, A compound according to any of claims 17-23 which
is 2 triffluoroacctate salt.

29. A compound according to any of claims 17-23 which
is a hydrochloride salt.

34. A method for the treatment of diabetes mellitus in a
mammal comprising the administration to said mammal of
a therapeutically effective amount of an agonist analogue of
amylin according to claim 3.

31 A method for the treatment of diabetes mellitus in a
mammal comprising the administration to said mammal of
a therapeutically effective amount of an agonist analogue of
amylin according to claim 6.

32 A method for the treatment of dmbﬂes mellitus in a
mammal comprising the administration to said mammat of
a therapeutically effective amount of an agonist analogue of
amylin according to claim 9.

33. A method for the treatment of diabetes m.elhws ina
mammal comprising the administration to said mammal of
a therapeutically effective amount of an agonist analogue of
amylin according to claim 12.

34. A method for the treatment of diabetes mellitus in a
mammal comprising the administration to said mammal of

15
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a therapeutically effective amount of an agonist analogue of
amylin according to any of claims 17-23.

35. A method for the treatment of diabetes mellims in a
mammal comprising the administration to said mammal of
8 therapeutically effective amount of 2*****Pro-h-amylin.

36. The method of any of claims 38-35 further compris-
ing the administration to said mammal of a therapeutically
effective amount of an insulin.

37. A method for the treatment of diabetes mellitus in a
mammal comprising the administration to said mammal of
a therapeutically effective amount of 2****Pro-h-amylin
and a therapeutically effective amount of an insulin.

38. A composition comprisiog a therapeutically effective
amount of an agonist analogue ofamylin according to claim
3 in a pharmaceutically acceptable carrier.

39. A composition comprising a therapeutically cﬁecuve
amount of an agonist analogue of amylin according to claim
6 in a pharmaceutically acceptable carrier.

40, A composition comprising a therapeutically effective
amount of an agonist analogue of amylin according to claim
9 in a pharmacentically acceptable carier.

41. A composition comprising a therapeutically effective
amount of an agonist analogue of amylin according to claim
12 in a pharmaceutically acceptable camier.

42. A composition comprising a therapeutically effective
amount of an agonist analogue of amylin according to any
of claims 17-23 in a pharmaceutically acceptable carrier.

43. A composition comprising a therapeutically effective
amount of 2%***°Pro-h-amylin in a pharmaccutically
acceptable carrier.

44. A composition comprising a therapeutically effective
amount of an agonist analogue of amylin according to any
of claims 3, 6, 9, 11 and 17-23 and an insulin admixed in a
pharmaceutically acceptable carrier.

45. A composition comprising a therapeutically effective
amount of 2*#**?Pro-h-amylin and an insulin edmixed in a
pharmaceutically acoeptable carrier.
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