UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 10,106,603 B2 Page 1 of 1
APPLICATION NO. : 15/988463

DATED : October 23, 2018

INVENTOR(S) : Stuart Alexander Cook et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

At Column 93, Claim 1, Lines 15-16, the text:

“A method of treating fibrosis in the human subject, the method comprising administering to a human
subject in”

Should be replaced with the text:

--A method of treating fibrosis in a human subject, the method comprising administering to the human
subject in--.

Signed and Sealed this
Fifth Day of February, 2019

Andrei Tancu
Director of the United States Patent and Trademark Office

Singapore Exhibit 2001
Lassen v. Singapore et al.
PGR2019-00053
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Docket No.: M0546.70012US01
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: Stuart Alexander Cook

Application No.: 15/988,463

Confirmation No.: 7597

Filed: May 24, 2018

Patent No.: 10,106,603

Issued: October 23, 2018

For: TREATMENT OF FIBROSIS
Examiner: P. M. Mertz

Art Unit: 1646

Certificate of Electronic Filing under 37 C.F.R.§ 1.8
| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office's electronic filing
system in accordance with 37 C.F.R. § 1.6(a)(4).

Dated: January 10, 2019 Electronic Signature for Nancy J. Arsenault: /Nancy J. Arsenault/

REQUEST FOR CERTIFICATE OF CORRECTION PURSUANT TO 37 CFR 1.322

Attention: Certificate of Correction Branch
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Sir:
Upon reviewing the above-identified patent, Patentee noted an error which should be
corrected.
In the Claims:

At column 93, Claim 1, lines 15-16, the text:

“A method of treating fibrosis in the human subject, the method comprising administering to
a human subject in” should be replaced with the text --A method of treating fibrosis in a human

subject, the method comprising administering to the human subject in--.

6755676.1
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Patent No.: 10,106,603 2 Docket No.: M0546.70012US01

This error was made by the USPTO as evidenced by the claims in the Preliminary
Amendment filed by Applicant on May 24, 2018 and the Examiner’s Amendment to the claims in
the Notice of Allowance dated August 3, 2018. See, in particular, claim 1 on page 3 of the
Preliminary Amendment and the Examiner’s Amendment to claim 1 on page 2 of the Notice of

Allowance. Accordingly, no fee is required.

Transmitted herewith is a proposed Certificate of Correction effecting such amendment.

Patentee respectfully solicits the granting of the requested Certificate of Correction.

Applicant believes no fee is due with this request. However, if a fee is due, please charge
Deposit Account No. 23/2825 under Docket No. M0546.70012US01 from which the undersigned is

authorized to draw.

Dated: January 10, 2019 Respectfully submitted,

By /Amy McMahon Krom/

Amy McMahon Krom, PhD
Registration No.: 73,073

WOLF, GREENFIELD & SACKS, P.C.
600 Atlantic Avenue

Boston, Massachusetts 02210-2206
617.646.8000

6755676.1
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PTO/SB/44 (09-07)

Approved for use through 01/31/2020. OMB 0651-0033

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 1 _of 1 _
PATENT NO. : 10,106,603
APPLICATION NO. 15/988,463
ISSUE DATE : October 23, 2018
INVENTOR(S) : Stuart Alexander Cook et al.

It is certified that an error appears or errors appear in the above-identified patent and that said
Letters Patent is hereby corrected as shown below:

In the Claims:

At column 93, Claim 1, lines 15-16, the text:

“A method of treating fibrosis in the human subject, the method comprising administering
to a human subject in” should be replaced with the text --A method of treating fibrosis in a human
subject, the method comprising administering to the human subject in--.

MAILING ADDRESS OF SENDER (Please do not use Customer Number below):
Amy McMahon Krom, PhD

WOLF, GREENFIELD & SACKS, P.C. 1

600 Atlantic Avenue

Boston, Massachusetts 02210-2206

6755766.1
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Electronic Acknowledgement Receipt

EFS ID: 34817382
Application Number: 15988463
International Application Number:
Confirmation Number: 7597

Title of Invention:

TREATMENT OF FIBROSIS

First Named Inventor/Applicant Name:

Stuart Alexander Cook

Customer Number:

23628

Filer:

Amy McMahon Krom/Nancy Arsenault

Filer Authorized By:

Amy McMahon Krom

Attorney Docket Number: M0546.70012US01
Receipt Date: 10-JAN-2019
Filing Date: 24-MAY-2018
Time Stamp: 13:20:06

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:

Document s . File Size(Bytes Multi Pages
u Document Description File Name ile Size( y M " I. . 9
Number Message Digest | Part/.zip| (if appl.)

26388
1 Miscellaneous Incoming Letter M054670012US01-TRN-AM.pdf] no 1
3c2b489fb1de1d2bb8%a766ab2782b5a7d
39da
Warnings:
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Information:

28583
2 Request for Certificate of Correction M05467001 2USd(;1 “RFCOC-AM. no 2
p 175508ef0300724ffec8aef7bal18c1b06843(
Warnings:
Information:
17936
3 Request for Certificate of Correction M054670012US01-COC-AM.pdf no 1
105b2c1659128d7a495196d 2a0d4 29eae6d
7991
Warnings:
Information:
Total Files Size (in bytes)1 72907

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Doc Code: TRAN.LET
Document Description: Transmittal Letter
USED IN LIEU OF PTO/SB/21 (07-09)

Application Number | patent: 10,106,603
TRANSM ITTAL Filing Date Issued: October 23, 2018
FORM First Named Inventor Stuart Alexander Cook
Art Unit 1646
(to be used for all correspondence after initial filing) Examiner Name P. M. Mertz
Total Number of Pages in This Submission Attorney Docket Number M0546.70012US01

ENCLOSURES (Check all that apply)

D Fee Transmittal Form |:| Drawing(s) gﬁ_?rCAllowance Communication
D Fee Attached |:| Licensing-related Papers éprpgSiegl(;rzrr?;rriw(t:ea:;::etnocgsard
- Appeal Communication to TC
D Amendment/Reply |:| Petition (Appeal Notice, Brief, Reply Brief)
D After Final Petition to Convert to a D Proprietary Information
Provisional Application
D Affidavits/declaration(s) |:| Power of Attorney, Revocation D Status Letter
Change of Correspondence Address
D Extension of Time Request I:I Terminal Disclaimer gte’;‘iirnyé‘;E’j;fre(s) (please
D Express Abandonment Request I:I Request for Refund Request for Certificate of
Correction

D Information Disclosure Statement |:| CD, Number of CD(s) Certficate of Correction

Certified Copy of Priority |:| Landsoape Table on CD
Document(s)

Reply to Missing Parts/ Remarks
Incomplete Application

Reply to Missing Parts
under 37 CFR 1.52 or 1.53

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT
Fim Name — \wOLF, GREENFIELD & SACKS, P.C.

Signature

/Amy McMahon Krom/

Printed name | Amy McMahon Krom, PhD

Date Reg. No.

January 10, 2019 73,073

Certificate of Electronic Filing under 37 C.F.R. § 1.8
| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office's electronic
filing system in accordance with 37 C.F.R. § 1.6(a)(4).

Dated: January 10, 2019 Electronic Signature for Nancy J. Arsenault: /Nancy J. Arsenault/

6756096.1

Ex. 2001 - Page7



PTO/SB/47 (03-09)

Approved for use through 07/31/2018. OMB 0651-0016

U.S. Patent and Trademark Office; U. S. DEPARTMENT OF COMMERCE

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

“FEE ADDRESS” INDICATION FORM

Address to: Fax to:

Mail Stop M Correspondence 571-273-6500
Commissioner for Patents -OR -

P.O. Box 1450

Alexandria, VA 22313-1450

INSTRUCTIONS: The issue fee must have been paid for application(s) listed on this form. In addition,

only an address represented by a Customer Number can be established as the fee address for maintenance
fee purposes (hereafter, fee address). A fee address should be established when correspondence related to
maintenance fees should be mailed to a different address than the correspondence address for the application.
When to check the first box below: If you have a Customer Number to represent the fee address. When

to check the second box below: If you have no Customer Number representing the desired fee address,

in which case a completed Request for Customer Number (PTO/SB/125) must be attached to this form. For
more information on Customer Numbers, see the Manual of Patent Examining Procedure (MPEP) § 403.

For the following listed application(s), please recognize as the “Fee Address” under the provisions of 37 CFR
1.363 the address associated with:

Customer Number: 020016
OR
|:| The attached Request for Customer Number (PTO/SB/125) form.

PATENT NUMBER APPLICATION NUMBER

(if known)

10,106,603

Completed by (check one):

Applicant/Inventor /Amy McMahon Krom/
Signature
Attorney or Agent of record 73,073 Amy McMahon Krom
(Reg. No.) Typed or printed name
Assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed. 61 ?'646'8000
(Form PTO/SB/96) Requester’s telephone number
Assignee recorded at Reel Frame December 14, 2018
Date

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more that one
signature is required, see below*.

|:| * Total of 1 forms are submitted.

Certificate of Electronic Filing under 37 C.F.R. § 1.8
| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office's electronic filing
system in accordance with 37 C.F.R. § 1.6(a)(4).

Dated: December 14, 2018 Electronic Signature for Brenda M. White: /Brenda M. White/

1 6837861.1
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Electronic Acknowledgement Receipt

EFS ID: 34589300
Application Number: 15988463
International Application Number:
Confirmation Number: 7597

Title of Invention:

TREATMENT OF FIBROSIS

First Named Inventor/Applicant Name:

Stuart Alexander Cook

Customer Number:

23628

Filer:

Amy McMahon Krom/Brenda White

Filer Authorized By:

Amy McMahon Krom

Attorney Docket Number: M0546.70012US01
Receipt Date: 14-DEC-2018
Filing Date: 24-MAY-2018
Time Stamp: 12:54:01

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:

Document . . File Size(Bytes Multi Pages
u Document Description File Name ile Size( y M " I. . 9
Number Message Digest | Part/.zip| (if appl.)

26029
1 Transmittal Letter M054670012US01-TRN-AM.pdf no 1
604ab60c17c101614978c13f26957aa2058|
Warnings:
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Information:

23763
2 Maintenance Fee Address Change M054670012US01-CHA-AM.pdf no 1
a68d73dc65865084d2cf2004ea45db89281
Oecle
Warnings:
Information:
Total Files Size (in bytes){ 49792

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Doc Code: TRAN.LET
Document Description: Transmittal Letter
USED IN LIEU OF PTO/SB/21 (07-09)

Application Number 1 patonts: 10,106,603
TRANSM |TTAL Filing Date Issued: October 23, 2018
FO R M First Named Inventor Stuart Alexander Cook
Art Unit 1646
(to be used for all correspondence after initial filing) Examiner Name P. M. Mertz
Total Number of Pages in This Submission 2 Attorney Docket Number M0546.70012US01

ENCLOSURES (Check all that apply)

D Fee Transmittal Form D Drawing(s) After Allowance Communication
toTC
D Fee Attached D Licensing-related Papers Appeal GCommunication to Board
of Appeals and Interferences
- Appeal Communication to TC
D Amendment/Reply D Petition (Appeal Notice, Brief, Reply Brief)
D After Final Petition to Convertto a D Proprietary Information
Provisional Application
i ; Power of Attorney, Revocation D
D Affidavits/declaration(s) D Change of Gorrespondence Address Status Letter

D Extension of Time Request D Terminal Disclaimer %geﬁrf-yEQ;?jﬁre(s) (please

D Express Abandonment Request D Request for Refund Fee Address Indication Form
D Information Disclosure Statement D CD, Number of CD(s)

Certified Copy of Priority |:| Landscape Table on CD
Document(s)

Reply to Missing Parts/ Remarks
Incomplete Application

Reply to Missing Parts
under 37 CFR 1.52 or 1.53

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT
Firm Name | \wOLF, GREENFIELD & SACKS, P.C.

Signature

/Amy McMahon Krom/

Printed name

Amy McMahon Krom

Date Reg. No.

December 14, 2018 73,073

Certificate of Electronic Filing under 37 C.F.R. § 1.8
| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office's electronic
filing system in accordance with 37 C.F.R. § 1.6(a)(4).

Dated: December 14, 2018 Electronic Signature for Brenda M. White: /Brenda M. White/

6837857.1
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To: Patents_eOfficeAction@WolfGreenfield.com ,WGS_eOfficeAction@WolfGreenfield.com,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 23628

Oct 04, 2018 04:51:20 AM
Dear PAIR Customer:

WOLF GREENFIELD & SACKS, P.C.
600 ATLANTIC AVENUE

BOSTON, MA 02210-2206

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 23628 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
15988463 ISSUE.NTF 10/03/2018 M0546.70012US01

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.

15/988.463 10/23/2018 10106603 MO0546.70012US01 7597

23628 7590 10/03/2018

WOLF GREENFIELD & SACKS, P.C.
600 ATLANTIC AVENUE

BOSTON, MA 02210-2206

UNITED STATES OF AMERICA

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

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

Stuart Alexander Cook, Singapore, SINGAPORE;

Singapore Health Services PTE LTD., Singapore, SINGAPORE;
National University of Singapore, Singapore, SINGAPORE;
Sebastian Schaefer, Singapore, SINGAPORE;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLO.gov

APPLICATION NO. 1 FILING DATE l FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. CONFIRMATION NO. ]
15/988,463 05/24/2018 Stuart Alexander Cook M0546.70012US01 7597
23628 7590 09/25/2018
WOLF GREENFIELD & SACKS, P.C. | EXAMINER |
600 ATLANTIC AVENUE MERTZ, PREMA MARIA
BOSTON, MA 02210-2206
UNITED STATES OF AMERICA [ ART UNIT I PAPER NUMBER J

1646

[ NOTIFICATION DATE I DELIVERY MODE |

09/25/2018 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

Patents_eOfficeAction@WolfGreenfield.com
WGS_eOfficeAction@WolfGreenfield.com

PTOL-90A (Rev. 04/07)
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Response to Rule 312 Communication

Application No.

15/988,463

Applicant(s)

Examiner

Art Unit

a) X entered.

d) [0 disapproved. See explanation below.

e) [0 entered in part. See explanation below.

CHilliard

b) (] entered as directed to matters of form not affecting the scope of the invention.

¢) [0 disapproved because the amendment was filed after the payment of the issue fee.

the required fee to withdraw the application from issue.

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

1. X] The amendment filed on 20 September 2018 under 37 CFR 1.312 has been considered, and has been:

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1) and

U.S. Patent and Trademark Office

PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication

Part of Paper No.
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To: Patents_eOfficeAction@WolfGreenfield.com ,WGS_eOfficeAction@WolfGreenfield.com,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 23628

Sep 25, 2018 03:35:28 AM
Dear PAIR Customer:

WOLF GREENFIELD & SACKS, P.C.
600 ATLANTIC AVENUE

BOSTON, MA 02210-2206

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 23628 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
15988463 N271 09/25/2018 M0546.70012US01

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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To: Patents_eOfficeAction@WolfGreenfield.com ,WGS_eOfficeAction@WolfGreenfield.com,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 23628

Sep 21,2018 04:10:24 AM
Dear PAIR Customer:

WOLF GREENFIELD & SACKS, P.C.
600 ATLANTIC AVENUE

BOSTON, MA 02210-2206

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 23628 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
15988463 NTC.PUB 09/20/2018 M0546.70012US01

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/988,463 05/24/2018 Stuart Alexander Cook M0546.70012US01
CONFIRMATION NO. 7597
23628 PUBLICATION NOTICE
WOLF GREENFIELD & SACKS, P.C.
600 ATLANTIC AVENUE N AP0 TR
000000102465979

BOSTON, MA 02210-2206

Title:TREATMENT OF FIBROSIS

Publication No.US-2018-0265579-A1
Publication Date:09/20/2018

NOTICE OF PUBLICATION OF APPLICATION

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

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

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

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

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

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

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

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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Docket No.: M0546.70012US01
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: Stuart Alexander Cook

Application No.: 15/988,463

Confirmation No.: 7597

Filed: May 24, 2018

For: TREATMENT OF FIBROSIS
Examiner: P. M. Mertz

Art Unit: 1646

Certificate of Electronic Filing under 37 C.F.R. § 1.8
| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office’s electronic filing
system in accordance with 37 C.F.R. § 1.6(a)(4).

Dated: September 20, 2018 Electronic Signature for Nancy J. Arsenault: /Nancy J. Arsenault/

AMENDMENT AFTER ALLOWANCE UNDER 37 C.F.R. § 1.312

Mail Stop Issue Fee
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Dear Sir:

INTRODUCTORY COMMENTS

In response to the Notice to File Corrected Application Papers dated September 19, 2017,

please amend the above-identified U.S. patent application as follows:

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

Remarks/Arguments begin on page 3 of this paper.

66274281
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Application No.: 15/988,463 2 Docket No.: M0546.70012US01
Amendment dated September 20, 2018
After Allowance Under 37 C.FR. § 1.312

AMENDMENTS TO THE SPECIFICATION

Please amend the Specification as follows:

Please replace the paragraph starting on page 92, line 6 with the following replacement

paragraph:

We first generated RNA-seq data (Figure 16ErreriReferencesourecenotfound:) and determined
the genotype of 69 ethnically matched (Chinese) individuals in the cohort using a SNP array based

on fluorescent probe hybridization supplied by Illumina (HumanOmniExpress 24).

6627428.1
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Application No.: 15/988,463 3 Docket No.: M0546.70012US01
Amendment dated September 20, 2018
After Allowance Under 37 C.FR. § 1.312

REMARKS

This paper is responsive to the Notice to File Corrected Application Papers dated
September 19, 2017 (“Notice”). In the Notice, the Office indicated that page 92, line 6 of the

specification submitted on May 24, 2018 contained the phrase “Error! Reference source not found.”

By this amendment, Applicant has amended the specification to remove the phrase “Error!

Reference source not found.” on page 92, line 6. No new matter has been added.

Applicant believes no fee is due with this response. However, if a fee is due, please charge
Deposit Account No. 23/2825 under Docket No. M0546.70012US01 from which the undersigned is

authorized to draw.

Dated: September 20, 2018 Respectfully submitted,

By /Amy McMahon Krom/

Amy McMahon Krom

Registration No.: 73,073

WOLF, GREENFIELD & SACKS, P.C.
600 Atlantic Avenue

Boston, Massachusetts 02210-2206
617.646.8000

6627428.1
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

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

Alexandria, VA 22313-1450
www.uspto.gov

Application No. : 15988463
Applicant : Cook
Filing Date : 05/24/2018
Date Mailed : 09/19/2018

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Notice of Allowance Mailed

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

Applicant is given two (2) months from the mail date of this Notice within which to respond. This
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS.

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

failure to respond within the above-identified time period will result in the application being
ABANDONED.

See attachment(s).

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

/Quang Nguyen/
Publication Branch

Office of Data Management
(571) 272-4200
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Application No. 15988463

IDENTIFICATION OF APPLICATION DEFICIENCIES
IN APPLICATION FILED ON OR AFTER SEPTEMBER 16, 2012

Applicant must provide legible text for the following item(s).

Specification filed 12/16/2016, page(s) 92, line 6 ("Error! Reference source not found.".

[ ] Claims filed , claim(s) .

[l Other: .

|:| Applicant must provide missing information on the following page(s) of the specification by amending the
specification to add the missing text. No new matter may be added.
Page/line no(s).

EI The specification refers to one or more applications by attorney docket number and does not show the U.S.
application number(s). Applicant must supply the U.S. application number in place of each attorney docket
number.

Page/line no(s).

Applicant must provide an Abstract of the Disclosure.

L1 []

The Application Data Sheet (ADS dated ) does not supply the inventor’s city and/or does not supply the
inventor’s U.S. state and/or does not supply the inventor's country. Applicant must submit a signed, in
accordance with 37 CFR 1.76(e) and 1.33(b), application data sheet that corrects this deficiency. To be in
compliance with 37 CFR 1.76, the corrected application data sheet must identify the information being
changed by using underlining for additions and strikethroughs or brackets for deletions.

[I Other:
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Docket No.: M0546.70012US01
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: Stuart Alexander Cook

Application No.: 15/988,463

Confirmation No.: 7597

Filed: May 24, 2018

For: TREATMENT OF FIBROSIS
Examiner: P. M. Mertz

Art Unit: 1646

Certificate of Electronic Filing under 37 C.F.R. § 1.8
| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office's electronic filing
system in accordance with 37 C.F.R. § 1.6(a)(4).

Dated: September 20, 2018 Electronic Signature for Nancy J. Arsenault: /Nancy J. Arsenault/

RESPONSE TO NOTICE TO CORRECTED APPLICATION PAPERS

Mail Stop Issue Fee
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In response to the Notice to File Corrected Application Papers mailed September 19, 2018,
Applicant respectfully submits an Amendment After Allowance Under 37 C.F.R. §1.312 and a
Copy of the Notice.

Applicant believes no fee is due with this response. However, if a fee is due, please charge
Deposit Account No. 23/2825 under Docket No. M0546.70012US01 from which the undersigned is

authorized to draw.

Dated: September 20, 2018 Respectfully submitted,

By /Amy McMahon Krom/

Amy McMahon Krom

Registration No.: 73,073

WOLF, GREENFIELD & SACKS, P.C.
600 Atlantic Avenue

Boston, Massachusetts 02210-2206
617.646.8000

6627489.1
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Electronic Acknowledgement Receipt

EFS ID: 33776832
Application Number: 15988463
International Application Number:
Confirmation Number: 7597

Title of Invention:

TREATMENT OF FIBROSIS

First Named Inventor/Applicant Name:

Stuart Alexander Cook

Customer Number:

23628

Filer:

Amy Jeanette McMahon/Nancy Arsenault

Filer Authorized By:

Amy Jeanette McMahon

Attorney Docket Number: M0546.70012US01
Receipt Date: 20-SEP-2018
Filing Date: 24-MAY-2018
Time Stamp: 11:55:21

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:

Document s . File Size(Bytes Multi Pages
u Document Description File Name ile Size( y M " I. . 9
Number Message Digest | Part/.zip| (if appl.)

26346
1 Miscellaneous Incoming Letter M054670012US01-TRN-AM.pdf] no 1
b37caf7b36f118f16f8794c98b50a20235604)
Warnings:
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Information:

30801

, M054670012US01-312AMN- o 3
AM.pdf y

9511ea90b0c37038ecc94f6e8cf330dabclal

Multipart Description/PDF files in .zip description

Document Description Start End

Amendment after Notice of Allowance (Rule 312) 1 1

Specification 2 2

Applicant Arguments/Remarks Made in an Amendment 3 3
Warnings:

Information:
78453
3 Miscellaneous Incoming Letter M054670012UZ?,1_NTCAP_AM' no 2
p 7f6245ef2cf75f5af53beb56c1d385dd 1aac3)
8cb

Warnings:

Information:

23926
. . M054670012USO1-RNTCAP-
4 Miscellaneous Incoming Letter no 1
AM.pdf
555abd5c2f73d21ed56b594d292e2e4ac80f
73f76

Warnings:

Information:

Total Files Size (in bytes){ 159526

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Doc Code: TRAN.LET
Document Description: Transmittal Letter
USED IN LIEU OF PTO/SB/21 (07-09)

Application Number 15/988,463-Conf. #7597
TRANSMITTAL Filing Date May 24, 2018
FORM First Named Inventor Stuart Alexander Cook
Art Unit 1646

Examiner Name

P. M. Mertz

(to be used for all correspondence after initial filing)

Attorney Docket Number

Total Number of Pages in This Submission M0546.70012US01

ENCLOSURES (Check all that apply)

D Fee Transmittal Form |:| Drawing(s) gﬁ_?rCAllowance Communication
D Fee Attached |:| Licensing-related Papers Appeal Communication to Board
of Appeals and Interferences
- Appeal Communication to TC
Amendment/Reply |:| Petition (Appeal Notice, Brief, Reply Brief)
D After Final Petition to Convert to a D Proprietary Information
Provisional Application
o . Power of Attorney, Revocation D
D Affidavits/declaration(s) |:| Ghange of Correspondence Address Status Letter

D Extension of Time Request I:I Terminal Disclaimer gim‘iirnyé‘;Lj’vtﬁre(s) (please

D Express Abandonment Request I:I Request for Refund Copy of Notice to File Corrected
Application Papers

Response to Notice to File

D Information Disclosure Statement |:| CD, Number of CD(s) Corrected Application Papers

Certified Copy of Priority |:| Landsoape Table on CD
Document(s)

Reply to Missing Parts/ Remarks
Incomplete Application

Reply to Missing Parts
under 37 CFR 1.52 or 1.53

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT
Fim Name — \wOLF, GREENFIELD & SACKS, P.C.

Signature

/Amy McMahon Krom/

Printed name

Amy McMahon Krom

Date Reg. No.

September 20, 2018 73,073

Certificate of Electronic Filing under 37 C.F.R. § 1.8
| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office's electronic
filing system in accordance with 37 C.F.R. § 1.6(a)(4).

Dated: September 20, 2018 Electronic Signature for Nancy J. Arsenault: /Nancy J. Arsenault/

6627427 .1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and I'vademark Office
Address: COMMISSIONER FOR PATENTS

P.Q). Box 1430

Alexandria, Virginia 22313-1450

WWW.USPLO. gOV

APPLICATION NO, FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. CONFIRMATION NO.
15/988.,463 05/24/2018 Stuart Alexander Cook MO546.70012US01 7597
23628 759() 09 H)‘Z()l}f EXAMINER
WOLF GREENFIELD & SACKS, P.C. [
600 ATLANTIC AVENUE MERTZ. PREMA MARIA
BOSTON, MA 02210-2206
UNITED STATES OF AMERICA I ART UNIT | PAPER NUMBER I

1646

| NOTIFICATION DATE I DELIVERY MODE I

09/19/2018 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period tor reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

tollowing e-mail address(es):

Patents_eOfficeAction@WolfGreenfield.com
WGS_eOfficeAction@ WolfGreentield.com

PTOL-90A (Rev. 04/07)

Ex. 2001 - Page28



UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

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

Alexandria, VA 22313-1450
www.uspto.gov

Application No. : 15988463
Applicant : Cook
Filing Date : 05/24/2018
Date Mailed : 09/19/2018

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Notice of Allowance Mailed

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

Applicant is given two (2) months from the mail date of this Notice within which to respond. This
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS.

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

failure to respond within the above-identified time period will result in the application being
ABANDONED.

See attachment(s).

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

/Quang Nguyen/
Publication Branch

Office of Data Management
(571) 272-4200
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Application No. 15988463

IDENTIFICATION OF APPLICATION DEFICIENCIES
IN APPLICATION FILED ON OR AFTER SEPTEMBER 16, 2012

Applicant must provide legible text for the following item(s).

Specification filed 12/16/2016, page(s) 92, line 6 ("Error! Reference source not found.".

[ ] Claims filed , claim(s) .

[l Other: .

|:| Applicant must provide missing information on the following page(s) of the specification by amending the
specification to add the missing text. No new matter may be added.
Page/line no(s).

EI The specification refers to one or more applications by attorney docket number and does not show the U.S.
application number(s). Applicant must supply the U.S. application number in place of each attorney docket
number.

Page/line no(s).

Applicant must provide an Abstract of the Disclosure.

L1 []

The Application Data Sheet (ADS dated ) does not supply the inventor’s city and/or does not supply the
inventor’s U.S. state and/or does not supply the inventor's country. Applicant must submit a signed, in
accordance with 37 CFR 1.76(e) and 1.33(b), application data sheet that corrects this deficiency. To be in
compliance with 37 CFR 1.76, the corrected application data sheet must identify the information being
changed by using underlining for additions and strikethroughs or brackets for deletions.

[I Other:

Ex. 2001 - Page30



To: Patents_eOfficeAction@WolfGreenfield.com ,WGS_eOfficeAction@WolfGreenfield.com,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 23628

Sep 19, 2018 04:09:22 AM
Dear PAIR Customer:

WOLF GREENFIELD & SACKS, P.C.
600 ATLANTIC AVENUE

BOSTON, MA 02210-2206

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 23628 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
15988463 M327 09/19/2018 M0546.70012US01

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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PART B - FEE(S) TRANSMITTAL

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

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address
as indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS"
for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.
WOLF, GREENF [ELD & SACKS, P.C. Certificate of Mailing or Transmission
600 Atlantic Avenue I hereby certify that this Fee(s) Transmittal is being deposited with the United
Boston, Massachusetts 02210-2206 States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

Nancy J. Arsenault (Depositor's name)
/Nancy J. Arsenault/ (Signature)
FILED VIA EFS WEB on August 9, 2018 (Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
15/988,463 05/24/2018 Stuart Alexander Cook M0546.70012US01 7597
TITLE OF INVENTION: TREATMENT OF FIBROSIS
[ APPLN. TYPE |ENTITY STATUS | ISSUEFEEDUE | PUBLICATION FEEDUE | PREV.PAIDISSUEFEE | TOTALFEES)DUE |  DATE DUE
nonprovisional ~ UNDISCOUNTED $1,000.00 $0 $0 $1,000.00 11/05/2018
| EXAMINER [ AarTUNIT | cLAss-sUBCLASS |
Prema Maria Mertz 1646 424-145100
1. Change of correspondence address or indication of "Fee 2. For printing on the patent front page, list
Address"” (37 CFR 1.363). (1) The names of up to 3 registered patent attorneys 1 Wolf, Greenfield & Sacks, P.C.
Change of correspondence address (or Change of | oragents OR, alternatively,
Correspondence Address form PTO/SB/122) attached. (2) The name of a single firm (having as a membera 2

I:' "Fee Address” indication (or "Fee Address” Indication form | registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a | 2 registered patent attorneys or agents. If no name is 3
Customer Number is required. listed, no name will be printed.

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

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

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Singapore Health Services PTE LTD Singapore, Republic of Singapore
National University of Singapore Singapore, Republic of Singapore
Please check the appropriate assignee category or categories (will not be printed on the patent) : Individual Corporation or other private group entity D Government
4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee D A check is enclosed.
|:| Publication Fee (No small entity discount permitted) Payment by credit card. E PHO- 203 i attached
|:| Advance Order - # of Copies The Director is hereby authorized to charge therequired-feetsy; any deficiency, or credit any

overpayment, to Deposit Account Number ~ 23/2825  (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
|:| Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue fee
payment in the micro entity amount will not be accepted at the risk of application abandonment.

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

|:| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

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

Authorized Signature /Amy J. McMahon/ Date August 9, 2018

Typed or printed name Amy J. McMahon, PhD Registration No. 73,073

6523649.1
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Electronic Patent Application Fee Transmittal

Application Number: 15988463

Filing Date: 24-May-2018

Title of Invention: TREATMENT OF FIBROSIS

First Named Inventor/Applicant Name: Stuart Alexander Cook

Filer: Amy Jeanette McMahon/Nancy Arsenault
Attorney Docket Number: M0546.70012US01

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Suz—;l'g(t;)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1000 1000
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Description

Fee Code

Quantity

Amount

Sub-Total in
USD(S)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

1000
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Electronic Acknowledgement Receipt

EFS ID: 33418970
Application Number: 15988463
International Application Number:
Confirmation Number: 7597

Title of Invention:

TREATMENT OF FIBROSIS

First Named Inventor/Applicant Name:

Stuart Alexander Cook

Customer Number:

23628

Filer:

Amy Jeanette McMahon/Nancy Arsenault

Filer Authorized By:

Amy Jeanette McMahon

Attorney Docket Number: M0546.70012US01
Receipt Date: 09-AUG-2018
Filing Date: 24-MAY-2018
Time Stamp: 10:46:59

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $1000

RAM confirmation Number

080918INTEFSW10480700

Deposit Account

232825

Authorized User

Wolf Greenfield

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

37 CFR 1.21 (Miscellaneous fees and charges)

Ex. 2001 - Page35




File Listing:

Document s . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
25043
1 Miscellaneous Incoming Letter M054670012US01-TRN-AM.pdf] no 1
e54f4104b280a00e9c69¢11ec936f4799676)
Saf2
Warnings:
Information:
31497
2 Fee Worksheet (SB06) M054670012US01-FEE-AM.pdf no 1
116a3cf412d6147075628e31b7df43dc889)|
a3162
Warnings:
Information:
32940
3 Issue Fee Payment (PTO-85B) M05467001 2UZ?1_|SSFEE_AM' no 1
p ed5c1ce369678952bd7db2264d68a9619a
Warnings:
Information:
30353
4 Fee Worksheet (SB06) fee-info.pdf no 2
2ccfd6586cbbd0917ecef09eal62a1bb605
fc7e
Warnings:
Information:
Total Files Size (in bytes)1 119833
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

USED IN LIEU OF PTO/SB/21 (07-09)

FORM

TRANSMITTAL

(to be used for all correspondence after initial filing)

Application Number

15/988,463-Conf. #7597

Filing Date

May 24, 2018

First Named Inventor

Stuart Alexander Cook

Art Unit

1646

Examiner Name

P. M. Mertz

Total Number of Pages in This Submission

Attorney Docket Number

M0546.70012US01

ENCLOSURES (Check all that apply)

Fee Transmittal Form
|:| Fee Attached

D Amendment/Reply

|:| After Final

I:I Affidavits/declaration(s)
D Extension of Time Request
D Express Abandonment Request

D Information Disclosure Statement
Certified Copy of Priority
Document(s)

Reply to Missing Parts/
Incomplete Application

Reply to Missing Parts
under 37 CFR 1.52 or 1.53

|:| Drawing(s)

|:| Licensing-related Papers

|:| Petition

Petition to Convert to a
Provisional Application

|:| Power of Attorney, Revocation
Change of Correspondence Address

I:I Terminal Disclaimer
I:I Request for Refund
|:| CD, Number of CD(s)

D Landscape Table on CD

After Allowance Communication
to TC

Appeal Communication to Board
of Appeals and Interferences

Appeal Communication to TC
(Appeal Notice, Brief, Reply Brief)

D Proprietary Information

D Status Letter

Other Enclosure(s) (please
Identify below):

Part B - Fee(s) Transmittal

Remarks

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Name

WOLF, GREENFIELD & SACKS, P.C.

Signature

/Amy J. McMahon/

Printed name

Amy J. McMahon, PhD

Date August 9, 2018

Reg. No.

73,073

Dated: August 9, 2018

Certificate of Electronic Filing under 37 C.F.R. § 1.8
| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office's electronic
filing system in accordance with 37 C.F.R. § 1.6(a)(4).

Electronic Signature for Nancy J. Arsenault: /Nancy J. Arsenault/

6523658.1
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Complete if known

F E E T RAN S M ITTAL Application Number 15/988,463-Conf. #7597
Filing Date May 24, 2018
DApplicant asserts small entity status. See 37 CFR 1.27. First Named Inventor Stuart Alexander Cook
pplicant certifies micro entity status. See 37 CFR 1.29. Examiner Name P. M. Mertz
Form PTO/SB/15A or B or equivalent must either be enclosed or "
have been submitted previously. Art Unit 1646
TOTAL AMOUNT OF PAYMENT ($)1,000.00 Practitioner DocketNo.  [M0546.70012US01

METHOD OF PAYMENT (check all that apply)

I:] Check Credit Card I:I Money Order I:I None I:‘ Other (please identify):

Deposit Account Deposit Account Number: __ 23/2825 Deposit Account Name: Wolf, Greenfield & Sacks. P.C.
For the above-identified deposit account, the Director is hereby authorized to (check all that apply):
Charge fee(s) indicated below Charge fee(s) indicated below, except for the filing fee

. Charge any additional fee(s) or underpayment of fee(s) under Charge any additional fee(s) or underpayment of fee(s) under 37
37 CFR 1.16 and 1.17, except for any excess claims fees or CFR1.16 and 1.17
multiple dependent claim fee

Credit any overpayment of fee(s)

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit card
information and authorization on PTO-2038.

FEE CALCULATION

1. BASIC FILING, SEARCH, AND EXAMINATION FEES (U = undiscounted fee; S = small entity fee; M = micro entity fee)

FILING FEES SEARCH FEES EXAMINATION FEES
Application Type U ($) S($ M($ U S($ M($) U S($ M($) Fees Paid ($)
Utility 300 150* 75 660 330 165 760 380 190
Design 200 100 50 160 80 40 600 300 150
Plant 200 100 50 420 210 105 620 310 155
Reissue 300 150 75 660 330 165 2,200 1,100 550
Provisional 280 140 70 0 0 0 0 0 0

* The $150 small entity status filing fee for a utility application is further reduced to $75 for a small entity status applicant who files the application via EFS-Web.
2. EXCESS CLAIM FEES

Fee Description Undiscounted Fee (§)  Small Entity Fee ($) Micro Entity Fee ($)
Each claim over 20 (including Reissues) 100 50 25
Each independent claim over 3 (including Reissues) 460 230 115
Multiple dependent claims 820 410 205

Total Claims Extra Claims Fee ($) Fee Paid ($) Multiple Dependent Claims

-20 orHP = X = Fee ($) Fee Paid ($)
HP = highest number of total claims paid for, if greater than 20.
Indep. Claims Extra Claims Eee ($) Fee Paid ($)
-3orHP = X =

HP = highest number of independent claims paid for, if greater than 3.
3. APPLICATION SIZE FEE

If the specification and drawings exceed 100 sheets of paper (excluding electronically filed sequence or computer listings under 37 CFR 1.52(e)), the application size
fee due is $400 ($200 for small entity) ($100 for micro entity) for each additional 50 sheets or fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).

Total Sheets Extra Sheets Number of each additional 50 or fraction thereof  Fee ($) Fee Paid ($)
-100 = /50 = (round up to a whole number) x =
4. OTHER FEE(S) Fees Paid ($)

Non-English specification, $130 fee (no small or micro entity discount)
Non-electronic filing fee under 37 CFR 1.16(t) for a utility application, $400 fee ($200 small or micro entity)

Other (e.g., late filing surcharge): 1501 Utility issue fee 1,000.00
SUBMITTED BY

Signature /Amy J. McMahon/ T e, 73,073 | Telephone 617.646.8000
Name (Print/Type) | Amy J. McMahon, PhD Date August 9, 2018

Certificate of Electronic Filing under 37 C.F.R.§ 1.8
I hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Office's electronic
filing system in accordance with 37 C.F.R. § 1.6(a)(4).

Dated: August 9, 2018 Electronic Signature for Nancy J. Arsenault: /Nancy J. Arsenault/

6523657.1
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
23628 7590 08/03/2018
WOLF GREENFIELD & SACKS, P.C. MERTZ, PREMA MARIA
600 ATLANTIC AVENUE
BOSTON, MASSACHUSETTS 02210-2206 | ART UNIT parER NUMBER |
UNITED STATES OF AMERICA 1646
DATE MAILED: 08/03/2018
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
15/988,463 05/24/2018 Stuart Alexander Cook MO0546.70012US01 7597

TITLE OF INVENTION: TREATMENT OF FIBROSIS

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

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 11/05/2018

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

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

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.
If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

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

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

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

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

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of maintenance
fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3

PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

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

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

23628 7590 08/03/2018 Certificate of Mailing or Transmission
WOLF GREENFIELD & SACKS, P.C. I hereby certify that this Fee(s) Transmittal is being deposited with the United
600 ATLANTIC AVENUE States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
BOSTON, MASSACHUSETTS 02210-2206 transmitted to the USPTO (571) 273-2885, on the date indicated below.

UNITED STATES OF AMERICA

(Depositor's name)

(Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
15/988,463 05/24/2018 Stuart Alexander Cook MO0546.70012US01 7597
TITLE OF INVENTION: TREATMENT OF FIBROSIS
| APPLN. TYPE | ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 11/05/2018

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
MERTZ, PREMA MARIA 1646 424-145100
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list 1
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 2

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 3
- R . P 2 registered patent attorneys or agents. If no name is

Fee Address” indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.
SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

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

PLEASENOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for recordation
as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

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

9%}

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

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

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

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

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
15/988,463 05/24/2018 Stuart Alexander Cook MO0546.70012US01 7597
23628 7590 08/03/2018 I EXAMINER |
WOLF GREENFIELD & SACKS, P.C. MERTZ, PREMA MARIA
600 ATLANTIC AVENUE
BOSTON, MASSACHUSETTS 02210-2206 | ART UNIT parER NUMBER |
UNITED STATES OF AMERICA 1646

DATE MAILED: 08/03/2018

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

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

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

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

Page 3 of 3

PTOL-85 (Rev. 02/11)
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
. . 15/988,463 Cook et al.
Notice of Allowability Examiner Art Unit AlA Status
PREMA M MERTZ 1646 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4} This communication is responsive to the request submitted on 7/26/18.
[J A declaration(s)affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

3.} The allowed claim(s) is/are 1 and 21-29 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
4.} Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) MAIl b) (JSome  *c) [J None of the:
1. [0 Certified copies of the priority documents have been received.
2. V] Certified copies of the priority documents have been received in Application No. 15/381622 .
3. [0 Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

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

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

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

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

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

Attachment(s)

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

2.[¥) Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 6/5/18, 7/13/18, 7/23/18.

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

of Biological Material
4. Interview Summary (PTO-413),
Paper No./Mail Date.
/PREMA M MERTZ/
Primary Examiner, Art Unit 1646

U.S. Patent and Trademark Office -
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20180726
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Application/Control Number: 15/988,463 Page 2
Art Unit: 1646

Notice of Pre-AIA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AIA.

2. Amended claim 1, (5/24/18), and new claims 21-29, (5/24/18), are pending and under
consideration by the Examiner.

Claims 2-20 have been canceled.

3. An Examiner's Amendment to the record appears below. Should the changes and/or
additions be unacceptable to applicant, an amendment may be filed as provided by 37 C.F.R.
§ 1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the
payment of the Issue Fee.

Authorization for this Examiner's Amendment was given in a telephone interview with

Amy McMahon on 7/26/2018.

4. The application has been amended as follows:

IN THE CLAIMS:

In claim 1, line 2, before “human”, delete "a”, substitute therefor --the--.

In claim 1, line 5, delete "signalling”, substitute therefor --signaling--.
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Application/Control Number: 15/988,463 Page 3
Art Unit: 1646

5. Claims 1, and 21-29, are allowable.

6. The following is an Examiner's Statement of Reasons for Allowance:

None of the prior art of record describe or suggest a method of treating fibrosis in a
human subject, the method comprising administering to the human subject in need of treatiment a
therapentically offective arnount of an Intereukin 11 receptor o (3L-11Ropantibody which is
capable of inlbiting Interlenkin 11 (L-1 1) mediated signalling, wherein the fibrosis is fibrosis
of the heart, liver, kidney or eve. The method as recited in the claims is free of the prior art by
virtue of the treatment steps and the antibody being administered. Furthermore, the claimed
invention meets the requirements of 35 USC § 101 and 35 USC § 112 in that the method

provides an alternative method to treat fibrosis of the heart, liver, kidney or eye.

7. Any comments considered necessary by applicant must be submitted no later than the
payment of the Issue Fee and, to avoid processing delays, should preferably accompany the
Issue Fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for

Allowance."

Advisory Information

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Prema Mertz whose telephone number is (571) 272-0876. The
examiner can normally be reached on Monday-Friday from 7:00AM to 3:30PM (Eastern time).

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Vanessa Ford, can be reached on (571) 272-0857.

Official papers filed by fax should be directed to (571) 273-8300. Faxed draft or
informal communications with the examiner should be directed to (571) 273-0876.

Information regarding the status of an application may be obtained from the Patent
application Information Retrieval (PAIR) system. Status information for published applications
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Application/Control Number: 15/988,463 Page 4
Art Unit: 1646

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you
would like assistance from a USPTO Customer Service Representative or access to the
automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/PREMA M MERTZ/
Primary Examiner, Art Unit 1646
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Application No. Applicant(s)

. - , 15/988,463 Cook et al.
Examiner-initiated Interview Summary
Examiner Art Unit AIA Status
PREMA M MERTZ 1646 Yes

All participants (applicant, applicant’s representative, PTO personnel):

(1) PREMA MARIA. MERTZ. (3) .
(2) Amy McMahon. (4) .

Date of Interview: 27 July 2018.

Type: Telephonic [ Video Conference
(J Personal [copy given to: (J applicant (J applicant's representative]

Exhibit shown or demonstration conducted: [ Yes No.
If Yes, brief description:

Issues Discussed ([J 101 112 [O102 [O103 O Others

(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 1 and 21-29.
Identification of prior art discussed: none.

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a reference
or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Authorization was obtained to amend claim 1, line 2, to recite "the human subject" to obviate a 35 USC 112(b) rejection.

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview.

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

O Attachment

/PREMA M MERTZ/
Primary Examiner, Art Unit 1646

U.S. Patent and Trademark Office
PTOL-413B (Rev. 8/11/2010) Interview Summary Paper No. 20180726
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Application/Control No. Applicant(s)/Patent Under Reexamination
Search Noles 15/988,463 Cook et al.
H“m “m ‘lH“H H“ ‘l“ . o
PREMA M MERTZ 1646
CPC - Searched*
Symbol Date Examiner
A61K 2039/505 07/26/2018 PM
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

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

search.

Search Notes

Search Notes Date Examiner
inventor search via NPL, PALM, West 07/26/2018 PM
reviewed parent case 15/381622 07/26/2018 PM
stn/cas search via medline, CAPLUS, USPATFULL 07/26/2018 PM
Interference Search

US Class/CPC US Subclass/CPC Group Date Examiner
Symbol

AB1K 2039/505 07/26/2018 PM

U.S. Patent and Trademark Office

Page 1 of 1

Part of Paper No.: 20180726
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |s.qgg 463 Cook et al.
H “ “N Examiner Art Unit
PREMA M MERTZ 1646
CPC
Symbol Type Version
CO7K 16 244 F 2013-01=01
AB1K 2039 54 A 20:13:01:01
AB1K 2039 505 A 2013-01-01
CO7K 2317 20 A 2013-01=01
CO7K 2317 76 A 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 10
/PREMA M MERTZ/ 26 July 2018 . . -
Primary Examiner, Art Unit 1646 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 none

U.S. Patent and Trademark Office

Page 1 of 3

Part of Paper No.: 20180726
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification |s.qgg 463 Cook et al.

H “ “N Examiner Art Unit
PREMA M MERTZ 1646

INTERNATIONAL CLASSIFICATION
CLAIMED

AB1K

395

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS SUBCLASS

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE
Total Claims Allowed:

(Assistant Examiner) (Date) 10

/PREMA M MERTZ/ 26 July 2018 . . -
Primary Examiner, Art Unit 1646 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 none
U.S. Patent and Trademark Office Part of Paper No.: 20180726

Page 2 of 3

Ex. 2001 - Page51




/ssue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

15/988,463 Cook et al.
Examiner Art Unit
PREMA M MERTZ 1646

Claims renumbered in the same order as presented by applicant (] CPA (] T.D. {7 R1.47

CLAIMS
Final |Original|Final OriginallFinaI Original|Final |Original|Final OriginallFinaI Original|Final |Original|Final |Original
1 1 10 19 9 28

2 11 20 10 29

3 12 2 21

4 13 3 22

5 14 4 23

6 15 5 24

7 16 6 25

8 17 7 26

9 18 8 27
NONE

Total Claims Allowed:
(Assistant Examiner) (Date) 10
/PREMA M MERTZ/ 26 July 2018 ) ) -
Primary Examiner, Art Unit 1646 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 none
U.S. Patent and Trademark Office Part of Paper No.: 20180726
Page 3 of 3
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Search History Transcript

WEST Search History

DATE: Thursday, July 26, 2018

Hide? Set Name Query

Hit Count

DB=PGPB,USPT,EPAB,JPAB,DWPI,FPRS; PLUR=YES; OP=0OR

oy

Ll

L8
L7
L6
LS
L4
L3
L2
L1

e

At

L6 and L2

L6 and L1

fibrosis

L3 and 12

L3 and L1

IL-11 or interleukin-11
Schaefer near Sebastian.in.

Cook near Stuart near Alexander.in.

END OF SEARCH HISTORY

5

5
158919
5

5
19219
94

6

Page 1 of 1

http://jupiter8:42900/bin/cgi-bin/srchhist.pl?state=thirkp.10. 1&f=toc1&userid=pmertz&srec... 7/26/2018
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APPLICATION NO.: 15/988,463 ATTY. DOCKET NO.: M0546.70012US01
FORM PTO-1449/A and B (modified PTO/SB/08)
FILING DATE: May 24, 2018 | CONFIRMATION NO.: 7597
INFORMATION DISCLOSURE
STATEMENT BY APPLICANT FIRST NAMED INVENTOR: Stuart Alexander Cook
GROUP ART UNIT: 1629 EXAMINER: Not Yet Assigned
Sheet | 1 | of | 3
U.S. PATENT DOCUMENTS
Examiner’s Cite U.S. Patent Document - Name of Patentee or Applicant of Cited Date ‘;fgﬁtgilgaﬁm or Issue
Initials * No. Number g(l)r(lji Document OMl\iI—eDDf(;g]{I;?l
2003-0147849 Al Warne et al. 08-07-2003
2004-0126358 Al Warne et al. 07-01-2004
2004-0142871 Al Shaughnessy et al. 07-22-2004
2006-0062760 Al Keith et al. 03-23-2006
2007-0160577 Al Damle et al. 07-12-2007
2009-0191147 Al Keith et al. 07-30-2009
2010-0062058 Al Warne et al. 03-11-2010
2010-0093976 Al Azuma et al. 04-15-2010
2010-0183544 Al Jenkins et al. 07-22-2010
2013-0302277 Al Jenkins et al. 11-14-2013
2014-0219919 Al Edwards et al. 08-07-2014
2016-0031999 Al Edwards et al. 02-04-2016
2017-0174759 Al Cook et al. 06-22-2017
5,679,339 A Keith et al. 10-21-1997
6,126,933 A Warne et al. 10-03-2000
6,540,993 Bl Warne et al. 04-01-2003
6,846,907 Bl Shaughnessy et al. 01-25-2005
6,953,777 Bl Keith et al. 10-11-2005
6,998,123 B1 Shaughnessy et al. 02-14-2006
7,993,637 B2 Baca 08-09-2011
8,182,814 B2 Baca et al. 05-22-2012
8,361,966 B2 Azuma et al. 01-29-2013
8,518,888 B2 Jenkins et al. 08-27-2013
8,540,977 B2 Baca 09-24-2013
9,340,618 B2 Edwards et al. 05-17-2016
FOREIGN PATENT DOCUMENTS
Foreign Patent Document Date of
Examiner’s Cite . . Name of Patentee or Applicant of Cited Publication of Translation
Initials * No. Office/ Number Kind Document Cited Document (Y/N)
Country Code MM-DD-YYYY
WO 1998/36061 A2 The Victoria University of Manchester 08-20-1998
wO 2000/078336 | Al Genetics Institute, Inc. et al. 12-28-2000
WO 2002/020609 | A2 Smithkline Beecham PLC 03-14-2002
WO 2005/070446 | Al Scios Inc. 08-04-2005
University of Florida Research
WO 2005/098041 | A2 Foundation, Inc. 10-20-2005
WO 2009/052588 | Al CSL Limited 04-30-2009
EXAMINER: DATE CONSIDERED:
/PREMB M MERTZ/ (07/25/2018) 07/25/2018

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

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /P.M.M/
Ex. 2001 - Page54



APPLICATION NO.: 15/988,463 ATTY. DOCKET NO.: M0546.70012US01

FORM PTO-1449/A and B (modified PTO/SB/08)
FILING DATE: May 24, 2018 | CONFIRMATION NO.: 7597
INFORMATION DISCLOSURE

STATEMENT BY APPLICANT FIRST NAMED INVENTOR: Stuart Alexander Cook

GROUP ART UNIT: 1629 EXAMINER: Not Yet Assigned
Sheet | 2 | of | 3
WO 2014/121325 | Al CSL Limited 08-14-2014
WO 2017/103108 | Al Singapore Health Services PTE, Ltd. 06-22-2017

OTHER ART — NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item

(book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher,
city and/or country where published.

International Search Report and Written Opinion for International Patent Application No.
PCT/EP2016/081430, mailed April 18, 2017.
Chapter II Demand filed August 14, 2017 for International Patent Application No.
PCT/EP2016/081430.
International Preliminary Report on Patentability (Chapter II) for International Patent Application
No. PCT/EP2016/081430, mailed November 6, 2017.
Third Party Submission Under 37 C.F.R. § 1.290 for US Application No. 15/381,622
(M0546.70012US500), filed April 30, 2018.
ANCEY et al., A fusion protein of the gp130 and interleukin-6Ralpha ligand-binding domains acts
as a potent interleukin-6 inhibitor. J Biol Chem. 2003 May 9;278(19):16968-72.
BRAVO et al., Crystal structure of a cytokine-binding region of gp130. EMBO J. 1998 Mar
16;17(6):1665-74.
CHEN et al., IL-11 receptor alpha in the pathogenesis of IL-13-induced inflammation and
remodeling. J Immunol. 2005 Feb 15;174(4):2305-13.
DU et al., Interleukin-11: review of molecular, cell biology, and clinical use. Blood. 1997 Jun
1;89(11):3897-908.
GARBERS et al., Interleukin-6 and interleukin-11: same same but different. Biol Chem. 2013
Sep;394(9):1145-61. doi: 10.1515/hsz-2013-0166.
GU et al., Anti-gp130 transducer monoclonal antibodies specifically inhibiting ciliary neurotrophic
factor, interleukin-6, interleukin-11, leukemia inhibitory factor or oncostatin M. J Immunol
Methods. 1996 Mar 28;190(1):21-7.
HALWANI et al., Airway remodeling in asthma. Curr Opin Pharmacol. 2010 Jun;10(3):236-45.
doi: 10.1016/j.coph.2010.06.004.
HAM et al., Critical role of interleukin-11 in isoflurane-mediated protection against ischemic acute
kidney injury in mice. Anesthesiology. 2013 Dec;l 19(6): 1389-401.
doi: 10.1097 T ALN.ObO 1 3e3 1 82a950da.
KAPINA et al., Interleukin-11 drives early lung inflammation during Mycobacterium tuberculosis
infection in genetically susceptible mice. PLoS One. 2011;6(7):¢21878. doi:
10.1371/journal.pone.0021878.
KHAN et al., Fibrosis in heart disease: understanding the role of transforming growth factor-beta
in cardiomyopathy, valvular disease and arrhythmia. Immunology. 2006 May;118(1):10-24.
KIMURA et al., Identification of cardiac myocytes as the target of interleukin 11, a
cardioprotective cytokine. Cytokine. 2007 May;38(2):107-15.
LEE et al., Cysteinyl leukotriene upregulates IL-11 expression in allergic airway disease of mice. J
Allergy Clin Immunol. 2007 Jan;119(1):141-9.
LEE et al., Endogenous IL-11 signaling is essential in Th2- and IL-13-induced inflammation and
mucus production. Am J Respir Cell Mol Biol. 2008 Dec;39(6):739-46. doi: 10.1165/rcmb.2008-
00530C. Epub 2008 Jul 10.

Translation
(Y/N)

Examiner’s Cite
Initials * No

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /P.M.M/
EXAMINER: DATE CONSIDERED:
/PREMA M MERTZ/ (07/25/2018)

07/25/2018

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not in conformance and not considered.
Include copy of this form with next communication to Applicant.
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APPLICATION NO.: 15/988,463 ATTY. DOCKET NO.: M0546.70012US01

FORM PTO-1449/A and B (modified PTO/SB/08)
FILING DATE: May 24, 2018 | CONFIRMATION NO.: 7597
INFORMATION DISCLOSURE

STATEMENT BY APPLICANT FIRST NAMED INVENTOR: Stuart Alexander Cook

GROUP ART UNIT: 1629 EXAMINER: Not Yet Assigned

Sheet | 3 | of | 3

LINDAHL et al., Microarray profiling reveals suppressed interferon stimulated gene program in
fibroblasts from scleroderma-associated interstitial lung disease. Respir Res. 2013 Aug 2;14:80.
doi: 10.1186/1465-9921-14-80.

LOKAU et al., Proteolytic Cleavage Governs Interleukin-11Trans-signaling. Cell Rep. 2016 Feb
23;14(7):1761-1773. doi:10.1016/j.celrep.2016.01.053. Epub 2016 Feb 11.

LOKAU et al., Signal transduction of Interleukin-11 and Interleukin-6 a-Receptors. Recep Clin
Investigation. 2016;3. 5 pages.

MINSHALL et al., IL-11 expression is increased in severe asthma: association with epithelial cells
and eosinophils. J Allergy Clin Immunol. 2000 Feb;105(2 Pt 1):232-8.

MOLET et al., IL-11 and IL-17 expression in nasal polyps: relationship to collagen deposition and
suppression by intranasal fluticasone propionate. Laryngoscope. 2003 Oct;113(10):1803-12.
MURRAY et al., Targeting interleukin-13 with tralokinumab attenuates lung fibrosis and epithelial
damage in a humanized SCID idiopathic pulmonary fibrosis model. Am J Respir Cell Mol

Biol. 2014 May;50(5):985-94. doi: 10.1165/rcmb.2013-03420C.

OBANA et al., Therapeutic activation of signal transducer and activator of transcription 3 by
interleukin-11 ameliorates cardiac fibrosis after myocardial infarction. Circulation. 2010 Feb
9;121(5):684-91. doi:10.1161/CIRCULATIONAHA.109.893677.

OBANA et al., Therapeutic administration of IL-11 exhibits the postconditioning effects against
ischemia-reperfusion injury via STAT3 in the heart. Am J Physiol Heart Circ Physiol. 2012 Sep
1;303(5):H569-77. doi: 10.1152/ajpheart.00060.2012.

RAY et al.,, Regulated overexpression of interleukin 11 in the lung. Use to dissociate
development-dependent and -independent phenotypes. J Clin Invest. 1997 Nov
15;100(10):2501-11.

SCHAFER et al., IL-11 is a crucial determinant of cardiovascular fibrosis. Nature. 2017 Dec
7;552(7683):110-115. doi: 10.1038/nature24676. Epub 2017 Nov 13.

SHEPELKOVA et al., Therapeutic Effect of Recombinant Mutated Interleukin 11 in the Mouse
Model of Tuberculosis. J Infect Dis. 2016 Aug 1;214(3):496-501. doi: 10.1093/infdis/jiw176.
STANGOU et al., Effect of IL-11 on glomerular expression of TGF-beta and extracellular matrix
in nephrotoxic nephritis in Wistar Kyoto rats. J Nephrol. 2011 Jan-Feb;24(1): 106-11.

TANG et al., Targeted expression of IL-11 in the murine airway causes lymphocytic inflammation,
bronchial remodeling, and airways obstruction. J Clin Invest. 1996 Dec 15;98(12):2845-53.
TANG et al., Transforming growth factor-beta stimulates interleukin-11 transcription via complex
activating protein-1-dependent pathways. J Biol Chem. 1998 Mar 6;273(10):5506-13.

TODA et al., Polarized in vivo expression of IL-11 and IL-17 between acute and chronic skin
lesions. J Allergy Clin Immunol. 2003 Apr;111(4):875-81.

TREPICCHIO et al., The therapeutic utility of Interleukin-11 in the treatment of inflammatory
disease. Expert Opin Investig Drugs. 1998 Sep;7(9):1501-4.

WYNN, Cellular and molecular mechanisms of fibrosis. J Pathol. 2008 Jan;214(2):199-210.
YASHIRO et al., Transforming growth factor-beta stimulates interleukin-11 production by human
periodontal ligament and gingival fibroblasts. J Clin Periodontol. 2006 Mar;33(3):165-71.

ZHU et al., IL-11 Attenuates Liver Ischemia/Reperfusion Injury (IRI) through STAT3 Signaling
Pathway in Mice. PLoS One. 2015 May 6;10(5):e0126296. doi: 10.1371/journal.pone.0126296.

[NOTE — No copies of U.S. patents, published U.S. patent applications, or pending, unpublished patent applications stored in the USPTO’s Image File Wrapper (IFW) system,
are included. See 37 CFR § 1.98 and 12870G163. Copies of all other patent(s), publication(s), unpublished, pending U.S. patent applications, or other information listed are
provided as required by 37 CFR § 1.98 unless 1) such copies were provided in an IDS in an earlier application that complies with 37 CFR § 1.98, and 2) the earlier application is
relied upon for an earlier filing date under 35 U.S.C. § 120.]
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EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not in conformance and not considered.
Include copy of this form with next communication to Applicant.
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DOCKET NO.: M0546.70012US01
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
First Named Inventor: Stuart Alexander Cook

Application No.: 15/988,463

Confirmation No.: 7597

Filed: May 24, 2018

For: TREATMENT OF FIBROSIS
Examiner: Not Yet Assigned

Art Unit: 1629

CERTIFICATE OF ELECTRONIC FILING UNDER 37 C.F.R. § 1.8

The undersigned hereby certifies that this paper, along with any paper referred to as being attached or
enclosed, is being transmitted via the Office electronic filing system in accordance with § 1.6(a)(4), on the 5% day of
June, 2018.

__/Nathaniel W. Taylot/
Nathaniel W. Taylor

MAIL STOP AMENDMENT
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

STATEMENT FILED PURSUANT TO THE DUTY OF
DISCLOSURE UNDER 37 C.E.R. §§ 1.56. 1.97 AND 1.98

Sir:
Pursuant to the duty of disclosure under 37 C.F.R. §§ 1.56, 1.97 and 1.98, the

undersigned requests consideration of this Information Disclosure Statement.

PART I: Compliance with 37 C.F.R. § 1.97

This Information Disclosure Statement has been filed within three months of the filing

date of a national application other than a continued prosecution application under
37 C.F.R. § 1.53(d).

No fee or certification is required.

PART II: Information Cited

The undersigned hereby makes of record in the above-identified application the

information listed on the attached form PTO-1449 (modified PTO/SB/08). The order of

/PREMA M MERTZ/ {(07/25/2018) 07/25/2018

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /P.M.M/
63492121
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Application No.: 15/988,463 -2- Art Unit: 1629
Conf. No.: 7597
presentation of the references should not be construed as an indication of the importance of the
references.

The undersigned hereby makes the following additional information of record in the
above-identified application.

The undersigned would like to bring to the Examiner’s attention the following co-

pending application that may contain subject matter related to this application:

Serial No. Filing Date Inventor(s) Docket No.
*15/381,622 December 16, 2016 Cook et al. M0546.70012US00

*A copy of this reference is not provided as the Office has waived the requirement under 37 C.F.R. § 1.98(a)(2)(iii) for submitting a
copy of a cited U.S. patent application if it is scanned to the Image File Wrapper system and is available on Private PAIR.

The undersigned would like to bring to the Examiner’s attention the enclosed search
report or other communication from a corresponding or related International or Foreign National

Application:

Serial No. Date of Mailing | Type(s) of Communication
International Preliminary
PCT/EP2016/081430 | 11-06-2017 Report on Patentability
International Search Report
and Written Opinion

PCT/EP2016/081430 | 04-18-2017

PART III: Remarks

Documents cited anywhere in the Information Disclosure Statement are enclosed unless
otherwise indicated. It is respectfully requested that:

1. The Examiner consider completely the cited information, along with any other
information, in reaching a determination concerning the patentability of the present claims;

2. The enclosed form PTO-1449 (modified PTO/SB/08) be signed by the Examiner to
evidence that the cited information has been fully considered by the United States Patent and
Trademark Office during the examination of this application;

3. The citations for the information be printed on any patent which issues from this

application.

/PREMA M MERTZ/ (07/25/2018) 07/25/2018

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /P.M.M/

6349212.1
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Application No.: 15/988,463 -
Conf. No.: 7597

W
1

Art Unit: 1629

By submitting this Information Disclosure Statement, the undersigned makes no
representation that a search has been performed, of the extent of any search performed, or that
more relevant information does not exist.

By submitting this Information Disclosure Statement, the undersigned makes no
representation that the information cited in the Statement is, or is considered to be, material to
patentability as defined in 37 C.F.R. § 1.56(b).

By submitting this Information Disclosure Statement, the undersigned makes no
representation that the information cited in the Statement is, or is considered to be, in fact, prior
art as defined by 35 U.S.C. § 102.

Notwithstanding any statements by the undersigned, the Examiner is urged to form his or
her own conclusion regarding the relevance of the cited information.

An early and favorable action is hereby requested.

The Director is hereby authorized to charge any deficiency or credit any overpayment in
the fees occasioned by the filing of this Information Disclosure Statement to our Deposit
Account No. 23/2825 under Docket No. M0546.70012US01 from which the undersigned is

authorized to draw.

Respectfully submitted,

By: /Amy J. McMahon/
Amy J. McMahon, PhD, Reg. No. 73,073
Wolf, Greenfield & Sacks, P.C.
600 Atlantic Avenue
Boston, Massachusetts 02210-2206
Telephone: (617) 646-8000

Docket No.: M0546.70012US01
Date: June 5, 2018
xNDDx

/PREMA M MERTZ/ (07/25/2018) 07/25/2018

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /P.M.M/
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
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CONFIRMATION NO. 7597
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APPLICATION NO.: 15/988,463 ATTY. DOCKET NO.: M0546.70012US01

FORM PTO-1449/A and B (modified PTO/SB/08)

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

FILING DATE: May 24, 2018 CONFIRMATION NO.: 7597

FIRST NAMED INVENTOR: Stuart Alexander Cook

GROUP ART UNIT: Not Yet Assigned EXAMINER: Prema Maria Mertz

Sheet | 1 | of | 1

U.S. PATENT DOCUMENTS

Date of Publication or Issue

U.S. Patent Document
Examiner’s | Cite Name of Patentee or Applicant of Cited .
Initials * No Kind Document of Cited Document
: Number MM-DD-YYYY
Code
2009-0202533 Al Baca et al. 08-13-2009

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Date of
Publication of
Examiner’s | Cite . . Name of Patentee or Applicant of Cited Cited Translation
Initials * No. | Office/ Number Kind Document Document (Y/N)
Country Code MM-DD-
YYYY
Y-Abstract &
Machine
KR 20110047179 A 05-06-2011 translation
OTHER ART -— NON PATENT LITERATURE DOCUMENTS
S . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the .
Examiner’s | Cite . . . . . Translation
] item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s),
Initials No . . g . (Y/N)
publisher, city and/or country where published.
METZ et al., Characterization of the Interleukin (IL)-6 Inhibitor IL-6-RFP: fused receptor
domains act as high affinity cytokine-binding proteins. J Biol Chem. 2007 Jan
12;282(2):1238-48. Epub 2006 Nov 3.

[NOTE - No copies of U.S. patents, published U.S. patent applications, or pending, unpublished patent applications stored in the USPTO’s Image File Wrapper (IFW) system,
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To: Patents_eOfficeAction@WolfGreenfield.com ,WGS_eOfficeAction@WolfGreenfield.com,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 23628

Aug 03, 2018 04:00:22 AM
Dear PAIR Customer:

WOLF GREENFIELD & SACKS, P.C.
600 ATLANTIC AVENUE

BOSTON, MA 02210-2206

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 23628 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.

15988463 NOA 08/03/2018 M0546.70012US01
INTV.SUM.EX 08/03/2018 M0546.70012US01
1449 08/03/2018 M0546.70012US01
1449 08/03/2018 M0546.70012US01
1449 08/03/2018 M0546.70012US01
1449 08/03/2018 M0546.70012US01

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
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Patents_eOfficeAction @ WolfGreenfield.com
WGS_eOffice Action @ W olfGreenfield.com

PTOL-90A (Rev. 04/07)

Ex. 2001 - Page64



UNITED STATES PATENT AND TRADEMARK OFFICE

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

Alexandria, VA 22313-1450
www.uspto.gov

In re Application of : DECISION ON REQUEST TO
Stuart A. Cook, et al. : PARTICIPATE IN THE PATENT
Application No.: 15/988,463 : PROSECUTION HIGHWAY
Filed: May 24, 2018 : PROGRAM AND PETITION
Attorney Docket No.: M0546.70012US01 : TO MAKE SPECTAL UNDER
For: TREATMENT OF FIBROSIS : 37 CFR 1.102(a)

This is a decision on the request to participate in the Patent Prosecution Highway (PPH) program
and the petition under 37 CFR 1.102(a), filed June 6, 2018, to make the above-identified
application special.

The request and petition are GRANTED

DISCUSSION

A grantable request to participate in the PPH pilot program and petition to make special require:

1. The U.S. application for which participation in the Global/IP5 PPH pilot program is
requested must have the same earliest date, whether this is the priority date or filing date, as
that of a corresponding national or regional application filed with another Global/IP5 PPH
participating office or a corresponding PCT international application for which one of the
Global/IP5 PPH participating offices was the International Searching Authority (ISA) or the
International Preliminary Examining Authority (IPEA).

2. Applicant must:
a. Ensure all the claims in the U.S. application must sufficiently correspond or be
amended to sufficiently correspond to the allowable/patentable claim(s) in the
corresponding Office of Earlier Examination (OEE) application and
b. Submit a claims correspondence table in English;

3. Examination of the U.S. application has not begun;
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Application/Control Number: 15/988,463 Page 2
Art Unit: OPET

4. Applicant must submit:

a. Documentation of prior office action:
i. acopy of the office action(s) just prior to the “Decision to Grant a Patent”
from each of the Global/IP5 PPH participating office application(s) containing
the allowable/patentable claim(s) or
ii.  if the allowable/patentable claims(s) are from a “Notification of Reasons
for Refusal” then the Notification of Reasons for Refusal or
iii. if the Global/IP5 PPH participating office application is a first action
allowance then no office action from the Global/IP5 PPH participating office
is necessary should be indicated on the request/petition form or
iv. the latest work product in the international phase of the OEE PCT
application;

b. An English language translation of the Global/IP5 PPH participating office action

or work product from (4)(a)(i)-(i1) or (iv) above;

5. Applicant must submit:
a. An IDS listing the documents cited by the Global/IP5 PPH participating office
examiner in the Global/IP5 PPH participating office action or work product (unless
already submitted in this application)
b. Copies of the documents except U.S. patents or U.S. patent application
publications (unless already submitted in this application);

The request to participate in the PPH pilot program and petition comply with the above
requirements. Accordingly, the above-identified application has been accorded “special” status.

Telephone inquiries concerning this decision should be directed to Angela Walker at (571)
272-1058.

All other inquiries concerning the examination or status of the application is accessible in the
PAIR system at hitp://portal.uspto.gov/.

This application will be forwarded to the examiner for action on the merits commensurate with
this decision.

/SDB/
Sherry D. Brinkley
Lead Paralegal Specialist
Office of Petitions
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WOLF GREENFIELD & SACKS, P.C.
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UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 23628 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.
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If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
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UNITED STATES PATENT AND TRADEMARK OFFICE
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Ex. 2001 - Page69



APPLICATION NO.: 15/988,463 ATTY. DOCKET NO.: M0546.70012US01

FORM PTO-1449/A and B (modified PTO/SB/08)

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

FILING DATE: May 24, 2018 CONFIRMATION NO.: 7597

FIRST NAMED INVENTOR: Stuart Alexander Cook

GROUP ART UNIT: Not Yet Assigned EXAMINER: Prema Maria Mertz

Sheet | 1 | of | 1

U.S. PATENT DOCUMENTS

Date of Publication or Issue

U.S. Patent Document
Examiner’s | Cite Name of Patentee or Applicant of Cited .
Initials * No Kind Document of Cited Document
: Number MM-DD-YYYY
Code
2009-0202533 Al Baca et al. 08-13-2009

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Date of
Publication of
Examiner’s | Cite . . Name of Patentee or Applicant of Cited Cited Translation
Initials * No. | Office/ Number Kind Document Document (Y/N)
Country Code MM-DD-
YYYY
Y-Abstract &
Machine
KR 20110047179 A 05-06-2011 translation
OTHER ART -— NON PATENT LITERATURE DOCUMENTS
S . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the .
Examiner’s | Cite . . . . . Translation
] item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s),
Initials No . . g . (Y/N)
publisher, city and/or country where published.
METZ et al., Characterization of the Interleukin (IL)-6 Inhibitor IL-6-RFP: fused receptor
domains act as high affinity cytokine-binding proteins. J Biol Chem. 2007 Jan
12;282(2):1238-48. Epub 2006 Nov 3.

[NOTE - No copies of U.S. patents, published U.S. patent applications, or pending, unpublished patent applications stored in the USPTO’s Image File Wrapper (IFW) system,
are included. See 37 CFR § 1.98 and 12870G163. Copies of all other patent(s), publication(s), unpublished, pending U.S. patent applications, or other information listed are
provided as required by 37 CFR § 1.98 unless 1) such copies were provided in an IDS in an earlier application that complies with 37 CFR § 1.98, and 2) the earlier application is

relied upon for an earlier filing date under 35 U.S.C. § 120.]

EXAMINER: DATE CONSIDERED:

# EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not in conformance and not considered.

Include copy of this form with next communication to Applicant.
6486069.1

Ex. 2001 - Page70




Characterization of the Interleukin (IL)-6 Inhibitor IL-6-RFP
FUSED RECEPTOR DOMAINS ACT AS HIGH AFFINITY CYTOKINE-BINDING PROTEINS™

Received for publication, july 19

, 2006, and in revised form, Gctober 17,2006 Published, JBC Papers in Press, Novernber 3, 2008, DOI 10.1074/bc Mo06885200

Sitke Metz', Monigue Wiesinger®, Michael Vogt®, Heike Lauks®, Ginther Schmalzing®, Peter C. Heinrich®,

and Gerhard Milier-Newen™'

rom the Tinstitut fiir Biochemie, Pauwelsstrasse 20 and the Sinstitut fiir Molekulare Pharmakologie, Universitdtskiinikum RWTH

Aachen, Wendlingweg 2, 52074 Aachen, Germany

Although fusion proteins of the extracellular parts of receptor
subunits termed cytokine traps turned ont to be promising cyto-
kine inhibitors for anti-cytokine therapies, their mode of action
has not been analyzed. We developed a fusion protein consisting
of the ligand binding domains of the 1L-6 receptor subunits
1L-6Rex and gpl30 that acts as a highly potent 1L-6 ishibitor,
Gpl30 is a shared cytokine receptor also used by the IL-6-re-
lated cytokines oncostatin M and leukemia inhibitory factor. In
this study, we have shown that the IL-6 receptor fusion protein
(IL-6-RF¥P} is a specific 1L-6 inhibitor that does not block
oncostatin M or leukemta inhibitory factor. We characterized
the complex of IL-6-RFP and fluorescently labeled IL-6 (YFP-
1L-6) by bhue native PAGE and gel filtration. A 2-fold molar
excess of IL-6-REP over IL-6 was sufficient to entirely bind {L-6
in a complex with IL-6-RFP. As showan by treatment with urea
and binding competition experiments, the complex of IL-6 and
11-6-RFP is more stable than the complex of IL-6, soluble
IL-6Ra, and soluble gp134Q. By live cell imaging, we have dem-
onstrated that YFP-IL-6 bound to the surface of cells expressing
gpi30-CFP is removed from the plasma membrane upon the
addition of IL-6-RFP, The apparent molecular mass of the
1IL-61L-6-RFP complex determined by blue native PAGE and gel
filtration suggests that [L-6 is trapped in a structure analogous
to the native hexameric IL-6 receptor complex. Thas, fusion of
the ligand binding domains of heteromeric receptors leads to
highly specific cytokine inhibitors with superior activity com-
pared with the separate soluble receptors,

Cytokines are important mediators in the regulation of
immune responses and inflammation. Dysregulated cytokine
signaling leads to chronic inflammation and cancer. Therefore,
pro-inflammatory cytokines, such as tumor necrosis factor
(TNF)? and interleukin-1 and -6, have been identified as prom-

*This work was suppeorted by the Deutsche Forschungsgemeinschaft
{Sonderforschungsbereich SFB 542 and Graduiertenkolleg “Biointerface”
GRK 1035) and the Fonds der Chemischen Industrie (Frankfurt am Main).
The costs of publication of this article were defraved in part by the pay-
ment of page charges. This article must therefore be hereby marked
“advertisernent” in accordance with 18 U.5.C. Saction 1734 solely to indi-

' To whom correspendence should be addressed: Institut fiir Biochemie, Univer-
sitatsidinikum RWTH Aachen, Pauwelsstrasse 30, 52074 Aachen, Germany.
Tel: 49-241-80-88860; Fax: 49-241-80-2428;, E-mail: mueller-newen®
rwib-aachende.

*The abbreviations used are: TNF, tumor necrosis factor; BSA, bovine serum
aibumin; CBM, cytokine binding module; CFP, cyan fluorescent protein; it
interleukin; LiF, leukemia inhibitory factor; O5M, oncostatin M; RFP, recep-

1238 JOURNAL OF BIOLOGICAL CHEMISTRY

ising therapeutic targets. First approaches to specifically block
the action of pro-inflarnmatory cytokines have focused on the
use of neutralizing antibodies against a specific cytokine or its
receptor. Only recently, the value of soluble cytokine receptors
as cytokine antagonists for the treatment of inflammatory dis-
eases has been fully recognized.

Pro-inflammatory cytokines signal through receptor pro-
teins consisting of an extracellular part, a single transmem-
brane region and a cytoplasmic domain. Ligand binding to the

extracellular part of the receptor results in the activation of

signal transduction cascades by the cytoplasmic domain.
Soluble receptors consisting only of the extracellular partare
potent inhibitors of cytokine activity. They bind the cytokine
with the same specificity and affinity as the membrane-
bound receptors without eliciting an intracellular signal. A
dimeric form of the soluble TNF receptor is currently used
for the treatment of inflammatory diseases caused by ele-
vated TINF expression {(1).

Most cytokines signal through heteromeric receptor com-
plexes consisting of two or more different receptor subunits. In
such a case, inhibition of cytokine activity by soluble receptors
is more challenging. Recently, we and others have shown that
the appropriate fusion of different soluble receptor proteins
results in highly potent antagonists (2, 3.

Interleukin-6 {IL-6) has been validated as a target for the
treatment of several diseases, such as rheumatoid arthritis and
the lymphoproliferative disorder known as Castleman disease
(4, 5). IL-6 signals through two different receptor proteins, It
first binds to an «-receptor subunit ([L-6Ra). The low affinity
complex of IL-6 and IL-6Ra engages the signal transducing
receptor subunit gpl 30 leading to a high affinity receptor com-
plex and the initiation of the cytoplasmic signaling cascades.
Upon ligand binding, Janus tyrosine kinases that are constitu-
tively associated with gpl30 become activated, resulting in
tyrasine phosphorylation of the transcription factor STAT3
{signal transducer and activator of transcription 3}, Activated
STAT3 accumulates in the nucleus where it induces IL-6 target
genes {(6).

Soluble gp130 (sgp130) has a roderate antagonistic effect on
1L-6 activity (7}, whereas soluble IL-6Ra (sIL-6Ra} acts even
agonistically (8). Together with IL-6, sIL-6Ra can be regarded
as a co-ligand required for the activation of gpl30. We have

tor fusion protein; STAT, signal transducer and activator of transcription;
YFP, yeliow flucrescent protein; s, soluble; D, domain; R, receptor; ELISA,
enzyme-linked immunosorbent assay; Bistris, 2-[bis{2-hydroxyethyi)
aminol-2-(hydroxymethyi)propane-1,3-diol.
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shown that, in the presence of sgp130, the agonistic activity of
sIL-6R¢ is converted to an antagonistic activity (9), Thus, the
combined application of sIL-6Re and sgp130 results in a strong
inhibition of IL-6 activity.

The extracellular part of gpl30 consists of a single Ig-like
domain (D1) followed by five fibronectin type 1i-like domains
(D2-D6) (10). Domains D2 and D3 form the cytokine binding
module (CBM), which is the structural hallmark of the hema-
topoletic cytokine receptors (11). The extracellular part of
IL-6Ra also consists of an Ig-like domain (D1} followed by a
CBM (D2 and D3 (12). By mutational analysis, it was shown
that IL-6 contacts its receptors with three distinet binding sites
{13). Site [ binds the CBM of IL-6Ra (14), and sites I and I
interact with the CBM and D1 of gp130, respectively (15).

Recently, the structure of the soluble hexameric 1L-6 recep-
tor complex consisting of two molecules of each IL-6, sIL-6Ra
{D2-D3), and sgpl30 (D1-D3) has been solved by x-ray crys-
tallography (16). Oue IL-6 molecule contacts with its site I the
CBM of one gpl30, and with its site II, the Ig-like domain of a
second gp130 molecule. The same is valid for the second 1L-6
molecule leading to a highly symmetric complex.

Based on the structural features of the IL-6 receptor complex
and the well characterized antagonistic activity of the combina-
tion of sIL-6Re« and sgp130, we designed a fusion protein (fnter-
feukin-6 receptor fusion protein, IL-6-RFP) consisting of the
ligand binding domains of gpl30 (D1-D3) and IL-6Ra (D2
13) fused with an appropriate peptide linker (see Fig. 74) (3).
We have shown that this fusion protein acts as a highly potent
IL-6 inhibitor. The cytokine receptor gpl30 is a shared receptor
subunit that is used by other IL-6-type cytokines, such as inter-
feukin-11 (IL-11), oncostatin M {OSM), and leukemia inhibi-
tory factor {LIF) (17, 18). Although IL-8-RFP does not inhibit
1E-11 (3}, its activity toward LIF and OSM has not been tested
yet,

Although the iroportance of fused cytokine receptors as
future drugs has been recognized (19), their mode of action has
not been analyzed in sufficient detail. Therefore, we investi-
gated the specificity, stability, and stoichiornetry of the cornplex
formed by IL-6 and IL-6-RFP. We have shown that IL-6-RFP is
2 highly specific {L-6 inhibitor that does not interfere with the
bivactivity of the related cytokines LIF and OSM. A new
method for the analysis of protein-protein interactions based
on blue native gel electrophoresis, fluorescent fusion proteins,
and fluorescence scanning is presented. We have shown that a
2-fold molar excess of IL-6-RFP over IL-6 is sufficient to com-
pletely trap IL-6 in a binary [L-6-TL-6-RFP complex. The com-
plex of IL-6-IL-6-RFP is more stable thao the coroplex of 1L-6
with the separate soluble receptors sIL-6Ra and sgpl30. As
shown in a live cell imaging experiment, YFP-1L-6, once bound
to its cell surface receptors, is removed from the plasma mem-
brane upon the addition of IL-6-RFP. Analysis of the stoichi-
ometry by native gel electrophoresis and gel filtration suggests
that the architecture of the [L-61L-6-RFP complex is analogous
to the hexameric receptor complex identified by x-ray crystal-
lography. Thus, I1L-6-RFP is a promising ¥L-6 inhibitor for the
treatment of diseases caused by dysregulated 1L-6 expression,

S
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The Complex of IL-6 and IL-6-RFP

EXPERIMENTAL PROCEDURES

Cytokines, Cytokine Receptors—Recombinant human IL-6
was expressed in Escherichia coli, refolded, and purified as
described previously (20). The specific activity of IL-6 was
measured by a BY cell proliferation assay (21). OSM was pur-
chased from PeproTech {Rocky Hill, NJ) and LIF from Chemi-
con International (Temecula, CA). sIL-6Ra was expressed in
insect cells as previously described (22}, sgp130 was obtained
from R & D Systems (Minneapolis, MN).

Cell Culture and Trawnsfection of HepG2 Cells—The human
hepatoma cell line HepG2 (purchased from the American Type
Culiure Collection, Manassas, VA) was grown in Dulbecco’s
modified Eagle’s medium F-12 1:1 mix with GlutaMax™!1
{(Invitrogen) supplemented with 10% heat-inactivated fetal calf
serum {Cytogen, Princeton, NJ). For starvation conditions, cells
were cultured in pure, serum-free Dulbecco’s modified Eagle’s
medium with 4500 rog/liter glucose, Glutamax ™1, and pyru-
vate (Invitrogen}. Plasmids were transiently transfected into
HepG2 cells using FuGENE 6 (Roche Applied Science) accord-
ing to the manuafacturer’s instructions,

Cell Culture and Traunsfection of COS-7 Cells—The simian
moxkey kddney cell line COS-7 (kindly provided by I M. Kerr,
Cancer Research UK, London, UK} was cultivated in Dulbec-
co’'s modified Eagle’s medinm with GlutaMax™" (Invitrogen}
supplemented with 10% heat-inactivated fetal calf serum, 100
mg/liter streptomycin, and 100,000 units/liter penicillin (Cam-
brex BioScience, Verviers, Belgium), Cells were grown at 37 °C
in a water-saturated atmosphere in 5% CO,. Plasmids were
transiently transfected into COS-7 cells using Lipofectarnine ™
2006 (Invitrogen) according to the manufacturer’s protocol,

Reporter Gene Assay—HepG2 cells were seeded onto 6-well
plates (9.6 em?/well) and transiently co-transfected with pGL3-
a2M-Luc (construct with luciferase gene regulated by the a2
macroglobulin prometer} and pCR™3 LacZ (galactosidase
construct with a constitutively active promoter; Amersham
Biosciences). Cells were starved in serum-free medium for 6 h
and subsequently stimudated with 5 ng/ml 1L-6 or the combi-
nation of IL-6 and IL-6-RFP for 16 h at the molar ratios indi-
cated, To determine the specificity of IL-6-RFP, HepG2 celis
were stimutlated in parallel with 0.5 ng/mi OSM or a mixture of
OSM and IL-6-RFP, with 5 ng/ml LIF, or a mixture of LIF and
1L-6-RFP. Previous to stimulation, the corresponding cytokine
and IL-6-RFP were incubated for 30 min at 37 °C to allow com-
plex formation. Preparation of cellular lysates and luciferase
measurements were carried out according to the instructions of
the manufacturer (Promega). The luciferase activity values
were normalized to the transfection efficiency, which was
determined as $3-galactosidase activity, The experiments were
cardied out in triplicates, and the mean values and standard
deviations were calcudated.

Preparation of Cell Lysates, SDS-PAGE, Western Blotting,
and Irmmunodetection—HepG2 cells were cudtured on 6-well
plates, starved overnight, and stimulated with the indicated
cytokine or combination of cytoldne and IL-6-RFP for 20 min.
Subsequently, cells were lysed with radicimmune precipitation
assay lysis buffer (50 mm Tris-HCl, pH 7.4, 150 myv NaCl, 1 mm
EDTA, 0.5% Nonidet P-40, 1 mv NaF, 15% glycerol, 20 mm
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The Complex of IL-6 and IL-6-RFP

B-glycerophosphate, 1 mm Na, VO, 0.25 muy phenylmethylsul-
fonyl fluoride, 5 pg/ml aprotinin, and 1 pg/ml leupeptin). The
lysates were analyzed with SDS-PAGE, Western blotting, and
immunodetection using an antibody directed against phospho-
tyrosine (705)-STAT3 {Cell Signaling Technology, Danvers,
MA) or STATS3 (type H190, Santa Cruz Biotechnology, Santa
Cruz, CA). Both antibodies were used in a 1:1,000 dilution in
TBS-N (20 mm Tris-HCL pH 7.6, 137 my NaCl and ¢.1%
Nounidet P-40).

Purification and Expression of YEP-IL-6 in fusect Cells—High
five (H5) insect cells (Invitrogen) were cultured at 27°C in
S£-900H medinm (Invitrogen) containing 2 wg/ml blasticidin.
To stably transfect the cells with an expression plasmid coding
for YFP-IL-6, the Cellfectin method (Invitrogen) was used. 72 h
after seeding of the stably transfected cells, the supernatants
were harvested, and subsequently cell debris was removed by
centrifugation and sterile filtration. YFP-IL-6 was purified from
cell supernatants by affinity chromatography using immobi-
lized sIL-6Ra. The eluates were supplemented with 0.02%
bovine seruro albumin (BSA) to increase protein stability and
dialyzed overnight against phosphate-buffered saline (0.2 m
Nall, 2.5 mm KCi, 8 mm Na,HPO,, 1.5 mm KH,PO,). The
concentration of YFP-IL-6 in the eluted fractions was deter-
mined by SDS-PAGE, Western blotting, enzyme-linked immu-
nosorbent assay (ELISA} (23), and fluorescence spectroscopy.

Fluarescence Spectroscopy—Samples containing YFP-IL-6
were excited at a wavelength of 514 nm, whereas the light emis-
sion between 520 and 600 noy was detected. The emission max-
imum of YFP at 525 nm was used for the determination of the
YFP-IL-6 concentration.

Expression of IL-6-RFF in Baculovirus-infected Insect Cells—
JL-6-RFP was cloned as described previously (3). The lnker
that joins D1-D3 of human gpl30 with D2-D3 of human
1L-6Ra consists of the flexible extracellular “stalk” region of
1L-6Rar {Ala®*®-Val®®®) and is therefore supposed to be of low
antigenicity. An additional N-glycosylation site is introduced
with the linker (Asn-Ala-Thr} {3). To produce IL-6-RFP using
the baculovirus expression system, the instructions given by the
manufactirer were followed. The DNA encoding IL-6-RFP was
cut out from the vector pSVL-IL-6-RFP by Xbal and BamHI
{Roche Applied Science) and inserted inte the polyhedrin
locus-based baculovirus transfer vector pVL1392 digested with
the same enzymes. Sf21 insect cells were cultivated at 27 °C in
S£-900H medium with 10% fetal calf serum. Cells were co-trans-
fected with 4 ug of pVL1392-1L-6-RFP plasmid and 0.5 ug of
BaculoGold ™ DNA. Single virus clones were obtained from
the cell supernatants by end point dilution, Several clones were
screened for expression of IL-6-RFP in S£21 cells by ELISA. The
selected virus clone was then amplified by infecting 5£158 cells
cudtivated at 27 °C in seruimn-free SE900M medivim. For protein
expression, exponentially growing 5f158 cells were infected
with the recombinant IL-6-RFP baculovirus. Three days after
infection, the cell supernatant containing IL-6-RFP (~1 pg/ml)
was harvested and cleaned from cells and cellular debris by
centrifugation and sterile filtration.

Purification of IL-6-RFP by Affinity Chromatography—IL-6-
REP was purified from S£158 supernatants by affinity chroma-
tography with IL-6 immobilized to CNBr-Sepharose {Amer-
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sham Biosciences). After applying the cell supernatants to the
column and washing with phosphate-buffered saline contain-
ing 0.05% Tween 20, proteins were eluted with 1 M acetic acid
and subsequently neutralized by 2 m Tris-HCH (pH 9). Fractions
collected during affinity chromatography were analyzed by
SDS-PAGE, silver-staining, Western blotting, and immunode-
tection with antibodies directed against siL-6Ra or FLAG
{Sigma}. The eluates were supplemented with 0.02% BSA (200
pg/ml) and dialyzed overnight against phosphate-buffered
saline. The final concentration of purified IL-6-RFP was ~10
wg/mi at a yield of ~70%. IL-6-RFP was stored for up to three
years at —20 °C without major loss of activity.

Quantification of IL-6-RFP by ELISA-—An ELISA for the
quantification of FLAG-tagged IL-6-RFP was carried out as
described previously (9). The ELISA plates were coated with 0.3
ug/rol FLAG monoclonal antibody (Sigma), and 50 ng/ml bio-
tinylated monoclonal antibody B-T2 (Diaclone, Besangon,
France) was used as the secondary antibody. The standard
curve was obtained by 2-fold serial dilutions of sgp130-FLAG
expressed in COS-7 cells and calibrated by sgp130 ELISA {9).
allow complex formation, YFP-IL-6 and IL-6-RFP {or YFP-
IL-6, sIL-6Rey, and sgpl30) were incubated for 30 min at room
ternperature at molar ratios as indicated. Complexes were sep-
arated by blue native PAGE (24, 25} using gradient polyacryl-
amide gels (from 4 to 12 or 4 to 20% polyacrylamide). The cath-
ode buffer was composed of 50 mu tricine, 15 mm Bistris, and
0.002% Coomassie Brilliant Blue® G 250 {Serva, Heidelberg,
Germany), whereas the ancde buffer contained 50 mm Bistris/
HCL pH 7. BSA was used as molecular weight marker protein.
In addition, BSA was utilized as an internal marker protein,
because YFP-IL-6 and IL-6-REP were supplemented with BSA
to increase protein stability. The fluorescence of YFP was
detected with a Typhoon gel imager {Amersham Biosciences)
using an excitation at 488 nm, whereas the emission was
detected using a 500 —540 run band-pass filter. After detection,
the gels were fixed and silver-stained.

Live Cell Imaging by Confocal Laser Scanning Microscopy-—
Confocal microscopy of living cells was carried out using a Zeiss
LSM 510 Meta confocal laser-scanning microscope {Zeiss, Jena,
Germany) equipped with an argon laser, a 63X/1.2 aperture
water-corrected objective, an open cell cultivation chamber
{Pecon, Erbach, Germany), and a CQO, incubation and heating
unit (Zeiss). For live cell imaging, COS-7 cells were transfected
with pSVL-gpl30id-CFP coding for an internalization-defi-
cient rmoutant of gpl130 fused to CEP (26). Subsequently, cells
were seeded onto 42-mm glass coverslips, and 48 h after trans-
fection, coverslips were placed into the open cell cultivation
chamber. The CO, incubation and heating unit maintained a
constant €O, amount of 5% and a temperature of 37 °C, For
recording of multiple fluorescence signals from one cell, the
multitrack function of the LSM 510 Meta microscope was used.
Cyan fluorescence was excited with A = 458 no (5% transmis-
sion) and detected after a band-pass filter BP 480/20. Yellow
fluorescence was excited with A = 514 nm (5% transmission)
and a band-pass filter BP 530 — 600 was used. All images repre-
sent confocal slices of ~1 pm. Cells were co-stimulated with
240 ng/md YEP-IL-6 and 3 pg/ml slL-6Ra, and CFP and YFP
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FIGURE 1. Biocactivity and specificity of iL-6-RFP. A, HepG2 cells were trans-
fected with a reporter gene plasmid coding for luciferase under the control of
the |L-6-responsive rat a2M promoter. To investigate the concentration
dependence of the inhibition of the IL-6-induced ludiferase activity by iL-6-
REP, IL-6 and IL-6-RFP were incubated at the indicated molar ratios for 30 min
at 37 °C to aflow complex formation. Subsequently, Hep(2 cells were stimu-
lated for 16 h with the mixture of cytokine and inhibitor. Luciferase activity
was measured in tri phcat@s B, HepG2 cells were transfectad as described for
A and stimulated with iL-6, OSM, or LIF. To investigate the specificity of the
IL-6 .nh!b:tor IL-6, OSM, or LIF were preincubated with [L-6-RFF for 30 min at
37 °C at the molar ratios indicated. Subsequently, HepG2 cells were stimu-
lated for 16 h with the mixture of cytokine and inhibitor, and the luciferase
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fluorescence was measured every 4 min over 1 h. In a second
approach, a 10-fold molar excess of IL-6-RFP over YFP-IL-6
was added to the cells 21 min after co-stimulation.

Gel Filtration—Gel filtration was carried out at 4°C with a
Superdex 200 16/60 column (Amersham Biosciences) at a flow
rate of 1 ml/min. During each run, the light absorption at 280

nrn was measured, The column was calibrated with 9 mg of a gel
filtration standard protein mixture containing thyroglobulin
{670 kDa}, y-globulin (158 ki¥a), ovalbumin {44 kDa), myoglo-
bin (17 kDa}, and vitamin B,, {1.35 kDa) (Bio-Rad). During gel
filtration of YFP-IL-6 and the YFP-IL-6-IL-6-RFP complex,
3-ml fractions were collected,

RESULTS

IL-6-RFP Inhibits Acute Phase Protein Gene Induction and
STAT3 Activation by IL-6 but Not by the Related Cytokines
OSM and LIF—Human hepatocellular carcinoma celis
(HepG2) respond to IL-6, OSM, and LIF stimulation with the
induction of acute phase protein genes (27) and are therefore
well suited to test the specificity of IL-6-RFP. As shown in Fig,
1A, IL-6-RFP concentration-dependently inhibited the induc-
tion of the a2 macrogiobulin (a2M) promoter by IL-6 in a
reporter gene assay. A 2-fold molar excess of [L-6-RFP over
1L-6 led to a reduction of the biological response of ~70%. A
>10-fold molar excess suppressed gene induction to nearly
basal levels. At concentrations of IL-6-RFP, which completely
inhibited 116 activity, gene induction by OSM was not dis-
turbed (Fig. 18). At a 30-fold molar excess of 1L-6-RFP over LIF,
LIF activity was not affected. A moderate inhibition of LIF
activity was observed at a 60-fold excess, ¥ig. 1C shows that
1L-6-RFP acts on [L-6-mediated reporter gene induction not
only after preincubation of the cytokine and the inhibitor {(pro-
cedure a) but also w'mn the inhibitor is given simultaneously
(procedures b and ¢ or with a delay of 10 min (procedure d) or
20 mix (procedure e). Reporter gene induction was measured
16 h after cytokine stimulation, whereas STAT3 tyrosine
phosphorylation could be detected within minutes (Fig. 1),
STAT3S activation was inhibited when IL-6 and IL-6-RFP
were preincubated for 30 roin {procedure aj or added simul-

taneously {procedure ¢}, In this short term assay, a delay of

activity induced upon the w2M promoter activation was measured. C, HepG2
cells were transfected as described for A. iL-6 was incubated with a 10-fold
molar excess of [L-6-RFP for 30 min at 37 °C. Afterward, HepG2 calis were
stimulated for 16 h with the mixture of cytokine and inhibitor (procedure a). in
rocedure b, HepG2 celis were preincubated with iL-6-RFP for 30 min and then
stimulated with 1L-6 for 16 h, whereas in procedure ¢, 1L-5 and IL-6-RFP were
added simultaneously to the cells without preincubation. in procedures d and
e, HepG2 cells were stimuiated with iL-6 for 10 or 20 min, respectively, and
sabré‘quen‘ly-reated with [L-6-RFP for 16 h. Aftar that time, luciferase activity
induced upon aZM promoter activation was measured. D, HepG2 cells were
seeded onto 6-well plates and serum-starved cvemight. Subsequently, IL-6
was incubated with a 5-foid molar surplus of IL-6-RFP at 37 °C for 30 min to
allow complexformation. The cells were stimulated with IL-6 or the mixture of
IL-6 and IL-6-RFP for 20 min (procedure a). in procedure ¢, IL-6 and IL-6-RFP
were added simultaneously to the cells {without preincubation) for 20 min.in
procedures d and e, HepG2 ceils were stimulated with iL-6 for 10 or 20 min,
respectively, and afterward treated with IL-6-RFF for 20 min. £, GSM and iL-6-
RFP or LIF and IL-6-RFP were preincubated for 30 min at 37 °C at the molar
ratios indicated. HepG2 celis were stimulated with OSM or LIF or a mixture of
OSM and IL-6-RFP or LiF and IL-6-RFP for 20 min. After stimulation, HepG2
cells were lysed. The lysates were analyzed by SDS-PAGE, Western biot, and
immunodetection with phospho-STAT3- or STAT3-spacific antibodies.
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A RO RESY YRR SiL-BRaf YFPAL-S the wet gel was analyzed by a fluo-
R C ngtat faty rescence scanner, YFP-IL-6 was
‘ L & ' .8 readily detectable as two separate
ER= Tasd bands (Fig. 24, upper panel, lanes 2
24 24 24 20 3% and 3).

fuorescaiue detection

&

siiver staining

YRR dimer

B RoR 11 12

RS mons
FFAH

b (YRR SI-BRe,, 179 R0

Subsequently, the same gel was
silver-stained  (Fig. 24, lower
panel}, At the higher concentra-
tion (120 ng), the upper YFP-1L-6
band is clearly visible (Fig. 24,
filled triangle, lane 2), whereas the
lower one is only weakly stained
{open triangle, lawe 2), At the
lower concentration (24 ng) (Fig.
24, lane 3), YFP-IL-6 is hardly vis-
ibie. Thus, the sensitivity of the
fluorescence detection was similar
or even exceeded the sensitivity of
a silver stain, In lawme I, albumin
alone was loaded onto the gel. The

C w & e N albumin monomer (65 kDa) is the
= g 2 = siL-8Ru and sgp130/ YFP-IL-& strongest band, but the dimer (130

fmotar ratic]
YFP-L-6, 24 ng

< {YFP-IL-8/ siL-BRet/ sgp130),

e YEP-HL-6 ditrner

- YEP-L-6 manomer

flusrescence delection

kDa}, trimer (195 kDa), and tet-
rarper (260 kDa) are also clearly
detectable. These bands serve as
molecular mass markers, The cal-
culated molecular mass of YFP-
I1L.-61i5 46 kDa. Therefore, the band
between the albumin dimer {130
kDa) and the albumin monomer
(65 kDa) corresponds to a dimer of
YFP-IL-6 (92 kDa), whereas the
lower band represents the mono-
mex (46 kiaj,

The addition of ¥1.-6-RFP to YFP-
IL-6 resulted in a marked shift of the
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FIGURE 2. Blue native PAGE; YFP-IL-6 binds to IL-6-RFP with a higher affinity than to siL-5R« or the
combination of sil.-6Ra and sgp130. To compare the concentrations of IL-6-RFP {A), sIL-6Rx (B), or the
combination of siL-6Ra and sgp 130 (0) sufficient to bind to YFP-IL-6, YFP-IL-6 was incubated with a 2-, 0.4-,
0.08- or ¢.016-fold molar ratio of IL-6-RFP for 3¢ min at room temperature. In a parallel approach, YFP-1L-6 was
mixed with a 10-, 2-, 0.4-, 0.08-, or 0.016-fold molar ratio of siL-6Ra or a 10-, 2-, 0.4-, 0.08-, or 0.016-fold molar
ratic of the combination of siL-6Ra and sgp130 and also incubated for 30 min at room temperature. The
protein complexes were separated by blue native PAGE, and the fluorescent YFP-IL-6 was visualized by flue-
rescence detection. Subsequently, the polyacrylamide gels were fixed and silver-stained.

fluorescent band, which indicates
complex formation of YFP-IL-§
with IL-6-RFP (Fig. 24, lanes 4-6).
We often observed that the band
shift was accompanied with a con-
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the action of IL-6-RFP was not tolerated (procedures d and
e). IL-6-RFP did not interfere with STAT3 activation
induced by LIF or OSM (Fig. 1E).

Analysis of the Interaction between 1L-6 and IL-6-RFP by a
Finorescence Gel Shift Assay—Although the bioactivity of IL-6-
REP has been analyzed io detail (Fig. 1) (3), the complex forma-
tion of U-6-RFP and IL-6 has not been studied. In a recent
publication, we have shown that fusion of the yellow fluores-
cent protein (YFP) to the N terminus of IL-6 does not affect its
bicactivity {26). The fluorescent cytokine YFP-IL-6 wag
expressed in insect cells and purified by affinity chromatogra-
phy. For stabilization of diluted solutions of YFP-IL-6, BSA was
added. Different amounts of YFP-IL-6/BSA were loaded onto a
non-denaturing polyacrylamide gradient gel, and electrophore-
sis was performed under blue native PAGE conditions. When

1242 JOURNAL OF BIOLOGICAL CHEMISTRY

intensity. We attribute this phe-
nomenon to quenching or dequenching of the fluorescence,
dependent on varying local concentrations of Coomassie, salts,
and polyacrylarnide in the gradient gel. A 2-fold molar excess of
{E-6-RFP was sufficient to trap YFP-IL-6 completely (lzne 4).
Still at 2 §.4- or 0.08-fold molar ratio of IL-6-RFP over YFP-IL-6,
a complex was formed. To achieve 2 complex formation
between s{L-6Ra and YFP-1L-6, 3 10-fold molar excess of sL-
6Ra is required (Fig. 2B, lane 8). The complex already disap-
pears at a 2-fold molar excess (Fig. 2B, lane 9, compare with
lane 4). The combination of sIL-6R« and sgpl130 (Fig. 2C)
required a 10-fold molar excess to completely bind YFP-IL-6,
whereas a 2-fold molar excess led to only a partial trapping of
YFP-IL-6 (Fig. 24, compare with lane 4). These results indicate
that IL-6-REFP binds YFP-IL-6 more efficiently than its soluble
recepiors.
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FIGURE 3. Blue native PAGE; analysis of the stability of the complex
formed by IL-6-RFP and YFP-IL-6 and the complex of YFP-IL-Gsik-
8Rarsgp 130 in the presence of urea. To allow complex formation, 24 ng of
YFP-1L-6 were incubated with a 2-fold molar surplus of i {74 ng) for 30
mm at room temperature {A). in a parallel approach (8}, -6 (24 ng), sit-

Ra {44 ng), and sgpi30 {74 ng) were mixed at a molar ratio of 1:2:2 and
incubated at room tamperature for 30 min to enable complex formation.
Thereafter, the indicated amounts of urea were added and incubated for
another 10 min at room temperature. After incubation, the protein com-
plexes were separated by biue native PAGE, and the fiuorescent YFP-IL-6 was
visualized by fluorescence detection. Subsequently, the polyacrylamide gel
was fixed and silver-stained,

IL-6 Forms a More Stabie Complex with IL-6-REP than with
Its Soluble Receptors—Three experiments were performed to
assess the stability of the complexes formed by IL-6 and IL-6-
REP or IL-6 and its soluble receptors. Ina first experiment, the
complexes were incubated in the presence of ures at increasing
concentrations, Although the complex of IL-6JL-6-RFP is still
detectable in the presence of 6 M urea (Fig. 34, filled triangle),
andy a faint band of the IL-&5IL-6Rarsgp130 complex is visible
in the presence of 2 murea (Fig. 38, filled triangle}, which dis-
appears at a concentration of 4 M urea. Intmestrgl‘v with
increasing concentrations of urea, the band of the YFP-IL-6
monomer becorses more intense (Fig. 3), suggesting that urea
induces a dissociation of the YFP-IL-6 dimers into monomers,

In a second approach, the complexes formed by YFP-IL-6
and IL-6-RFP or YFP-IL-6 and its soluble receptors were incu-
bated with varying aracunts of unlabeled IL-6 for 2 h to deter-
mine the replacement of YFP-IL-6 by IL-6. A 10-fold molar
excess of IL-6 over YFP-IL-6 was required to detect a replace-
ment of YFP-IL-6 in the complex of YFP-IL-6 and IL-6-RFP
(Fig. 44). The fluorescence intensity of the complex decreased
at a 10-fold molar excess of IL-6 over YFP-IL-6 (Fig. 44, filled

S
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trigngle), whereas the fluorescence of the YFP dimer became
more intense {opexn triangle). In the case of the receptor com-
plex formed by YFP-IL-6 and its soluble receptors, lower
amounts of unfabeled IL-6 were sufficient to displace YFP-IL-6
(Fig. 4B). The fluorescence of the YFP-1L-6 dimer increased
when IL-6 was added at a 0.1-fold molar ratio {Fig. 4B, open
triangle).

In a complementary third approach, increasing amouunts of
slL-6Ra and sgp130 were added to the complex formed by YFP-
{L-6 and IL-6-RFP (Fig. 4C). Hardly any YFP-IL-6&siL-
6Rarsgpl30 ternary complex was detectable after 2 h. Con-
versely, when IL-6-RFP was added to a preformed YFP-IL-
6+sIL-6Rarsgpl30 ternary complex, the complex of YFP-IL-
6-IL-6-RFP was formed within 2 h at only a 0.1-fold molar
concentration of IL-6-RFP over sIL-6R« and sgp130 (Fig. 4D).
Thus, the cytoldne is more efficiently trapped in complex with
{L-6-REP than in complex with the soluble receptors.

IL-6-RFP Removes YFP-IL-6 from the Cell Surface Receptor
Complex—Next, we asked whether IL-6-RFP, as a result of its
superioractivity, would be able to reraove IL-6 from s receptor
on the plasma membrane. Therefore, we transfected COS-7
cells with an internalization-deficient (id} mutant of gpl30
fused to CFP {gp130id-CFP (26)) and analyzed living cells by
confocal laser scanning microscopy. As shown in Fig. 54,
besides endoplasmic reticulum and Golgi apparatus, the
plasma membrane of transfected cells is clearly visible in the CFP
channel resulting from surface expression of gp130id-CFP. After
the addition of YFP-IL-6 and sIL-6Ra (COS-7 cells ack endoge-
nous [L-6Ra), the fluorescent cytokine accumulated at the cell
surface resulting in a membrane staining detected in the YFP
channel. The intensities of YFP and CFP fluorescence in the
regions of interest at the plasma membrane (Fig. 54, red rectan-
glesy are depicted in Fig 58. YFP-IL-6 binding to gp130id-CFP
reached saturation within 50 min (Fig. 58, left panel).

In a second experiment (Fig. 54, right panel}, a 10-fold molar
excess of IL-6-RFP over YFP-IL-6 was added 21 min after YFP-
TL-6/sIL-6Ra stimudation when YFP-IL-6 binding was near sat-
uration. The addition of [L-6-RFP resulted in a decrease of cell
surface staining of YFP-IL-6, as shown in the image of the YFP
channel 49 min after stimulation. The corresponding fluores-
cence inteosities of YFP and CFP in the indicated region of
interest are presented in the right diagram of Fig. 5B. After the
addition of IL-6-RFP, the YFP-IL-6 fluorescence decreased,
whereas gp130id-CFP fluorescence remained constant. The
decrease of the YFP/CFP ratio at the plasma merobrane indi-
cates that YFP-IL-6 is removed from the cell surface, Within 25
min, the IL-6-occupied receptors decreased by 50%. Thus, {L-6-
RFP has the capacity to eliminate IL-6 from activated receptor
complexes at the cell surface.

Determination of the Molecular Mass of the YFP-IL-6-IL-6-
REP Cowmplex by Gel Filtration—1L-6-RFP was purified from
insect cell supernatants by affinity chromatography on IL-6-
Sepharose (Fig. 64). In noo-reducing 5DS-PAGE, [L-6-RFP
appears as a monomeric protein with an apparent molecular
mass of ~80 kia (Fig. 64, lawe 2}, We used a calibrated gel
filtration column to determine the moleculaf masses of YFP-
IL-6, IL-6-RFP, and the complex of YFP-IL-6 and IL-6-RFP.
YFP-IL-6 was detected by fluorescence spectroscopic analysis
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A B

YFP-H-8 YEPAL-H+ L GRFP YEPALGroil - BRoctap 130
[es3] factar ratio H-6 YRRAR6] [molsy safin -6 YFEARA8

0 e B jigd

e OYPPHILLG S8R sgp 130y,
| (YFPALE IL-B-RFP),

. EYFP-IL-6/ stl-BRa),

- YERGHL-E dimer

e YRPHL-S monomer

G RER D YEP-LS
0 SH-OR g ol vatio
3G W BRFRY ang

S BRecF SN

-REF 8168

- (YFPAL-8/ slL-BRa sgp 130,

{FRP-ILGT ILB-RERY, T (YFPLL67 IL-8-RPPY,

Huarasosnins
detectinn

FIGURE 4. Blue native PAGE; competition of 1L-6 with YFP-L-6 trapped by HL-6-RFP or by siL-6Ra and
sgp 130, A YFP-IL-6 was incubatad with a 2-fold molar surplus of IL-6-RFP for 30 min at room temperature to
allow complex formation. In a paraliel approach (B, YFP-IL-6 was mixed with a 2-fold molar surpius of siL-6Ra
and sgpi130. Subsequently, non-tagged 1L-6 was added at increasing concentrations (G-, 0.1-, 1-, 10-, and
10C-foid molar ratio over YFP-IL-6) and incubated for 2 h at room temperature. The protein complexes were
separated by blue native PAGE, and the fluorescent YFP-IL-6 was visualized by fluorescence detection. The
complexes YFP-IL-6+L-6-RFP () and YFP-iL-6-siL-6Rarsgp 130 (D) were preformed by incubation at 37 °C for 30
min at molar ratios 1:2 (0 or 1:10:10(D). Subsequently, the complex YFP-IL-61-6-RFP was incubated with a 0-,
0.1+, 1-, and 10-fold molar excess of siL-6Ra and 5gp130 over iL-6-RFP for 2 h ((), and the complex YFP-IL-6-3lL.-

GRessgp130 was incubated with a 0-, 0.1, 1-fold molar ratio of IL-6-RFP over the soluble receptors for 2h (D).

of the collected fractions, [L-6-BRFP was quantified by ELISA
(3). YFP-IL-6 alone eluted in two peaks from the gel filtration
column {Fig. 68). According to the retention times, these peaks
correspond to YFP-IL-6 monomers (47 kDa) and YFP-IL-6
dimers (94 kIda). This finding is in line with the two species
detected by blue native PAGE,

The elution profile of IL-6-RFP is shown in Fig. 6C. Interest-
ingly, no monomeric IL-6-RFP could be detected. The major
portion of IL-6-RFP is found in a peak corresponding to 170
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kDa that most probably represents
the IL-6-RFP dimer. Also, some
higher molecular mass species were
detected.

Pre-incubation of YFP-IL-6 with
a 2-fold molar excess of IL-6-RFP
resulted in a dramatic change inthe
elution patterns {Fig. 6D}, The
whole population of YFP-IL-6
eluted earlier from the column cor-
responding to a higher apparent
melecular mass. This finding indi-
cates that YFP-IL-6 is completely
trapped in a complex with L-6-
RFP, confirming the results
obtained by blue native PAGE. Rel-
evant fractions were analyzed by
ELISA to detect IL-6-RFP {Fig, 6D,
blue line}, All fractions that con-
tained the shifted YFP-IL-6 also
contained IL-6-RFP, In addition, a
second peak of IL-6-RFP devoid of
YFP-IL-6 appeared. This peak cor-
responds to the unliganded IL-6-
RFP dimer.

The apparent molecular mass of
the YFP-IL-6L-6-RFP complex
derived from gel filtration (Fig. 6D}
is 325 ks, ¥ the complex is built up
according to the native hexameric
receptor complex {consisting of two
molecules each of IL-6, IL-6Rq, and
gp130 (16)), a tetrameric corplex is
expected, consisting of two mole-
cules of YFP-IL-6 and two mole-
cules of IL-6-RFP. The calculated
roclecular mass for such a cornplex
is 264 kDa. The discrepancy
between the observed and calcu-
lated values can be attributed to the
bulky architecture of the IL-6 recep-
tor complex (16 as discussed below,

DISCUSSION

According to the x-ray structure
of the soluble IL-6 receptor com-
plex, IL-6 signals through a hexam-
eric complex consisting of twoe mol-
ecules each of IL-6, IL-6Ra, and

gp130 (16). The soluble receptors sIL-6Rax and sgpl130 are pres-
ent in human blood in considerable concentrations (50 ng/rol
{28, 29) and 300 ng/ml {7, 9), respectively). We found that the
pairwise action of these soluble receptors blocks systemic IL-6
responses (9). Based oo this observation, we designed a fusion
protein composed of the ligand binding domains of IL-6Ra
(Fig. 74, D2 and D3) and gpl30 (DI-03), which turned out to
be a highly potent inhibitor of IL-6 (3}, Such novel cytokine
inhibitors are promising candidates for future drugs against
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moderately affected. This cross-re-
activity of IL-6-RFP can be
explained by low affinity binding a)f
LIF to domains D2 and D3 of gp13(
(31). However, at concentr&twnb
of IL-6-RFP sufficient to trap 1L-6
in a high-affinity complex, the fu-
sion protein is a highly specific
IL-6 inhibitor. The low activity
of IL-6-RFP toward OSM and LIF
is in line with the ineffective neu-
trajization of these cytokines by
the full-length soluble gp130 (D1~
D6). A 300-fold molar excess of
sgp130 over OSM resulted in only
a rparginal inhibition of OSM bio-
activity (7).

Interestingly, in a long term
reporter gene assay that mimics
IL-6 bivactivity, a short delay of
IL-6-RFP application is well toler-
ated {Fig. 1C}. To inhibit the early
activation of STAT3 in response to

YEP

without IL-5-RFP

{6-RFP added 21 min aler
YEPH67 sil-6Ra stimulation

IL-6, however, 1L-6-RFP has to be
added at least simndtaneously (Fig.
1D}, These results show that a short
initial pulse of STAT3 activation is

not sufficient for a robust gene
induction but that the cytokine has

to act for a considerable period of

i, time. This means that, for the treat-

ment of a disease with [L-6-RFP, the

KN

T R A TR e oAy

inhibitor can block the biological

fuorescence intensity

fhurasoencs sty

AN YRR

activity of IL-6 even when applied
& after the cytokine release. This is

248 " e B ey
S R0RLSER o - o
. A , further substantiated by the results
L o w BTRTTTTT Aor P ¢ : 1 hiviacrivio ov o
o 3 25 . 50 % 4 T o= of our live cell imaging experiment.
+ ¥FRALE e feviny ‘r‘rp B8 # R Hme i - ' P .
r SHERG SR QR IL-5 bound to the cell surface is
] 1 MATSr? "
FIGURE 5. Live cell imaging of removal of YFP-IL-6 from the surface of gp130id-CFP-transfected celis by  TEIMOVEd from the receptor complex

H.-6- RFP A, COS-7 cells were transtected with 4 ug of pSVL -gp130id-CFP , seed
tigated in an open celi
248 ng/mi YFP-IL-6 and 3 pg/mi siL-6Ra;, and pictu
approact: (right panef), a 10-fold molar excess of

region of interest used for quant'tative evaluation in 8 is marked in red. The celis s
using the membrane region of interestin
ure. The curve 3|V‘Wm the CFP fluorescence is marked by blue triangles, whereas the curve repre-

seven cells in each approach. 8, quantitative evaluation of A
in each pic

senting the YFP fluorescence is ma:-\ed by orange squaores.

chronic inflammation and autoimmune diseases (19). There-
fore, a characterization of their mode of action is of consider-
able iroportance.

Because gp130 is the shared signaling receptor subuuit of the
1L.-6-type cytokines, speciticity of IL-6-RFP is a critical issue.
On human cells, OSM signals through a heterodimer of gp130
and the OSM-receptor or a heterodimer of gp130 and the LIF-
receptor (LIFR) (30). Even alarge excess of IL-6-RFP over OSM
does not inhibit OSM activity (Fig. 1, B and E), indicating that
the affinity of OSM to the gp130 moiety of IL-6-RFP is very low.
LIF signals through a heterodimer of gpl130 and the LIFR (30).
At a 60-fold molar excess of IL-6-RFP over LIF, LIF activity is

JANUARY 12, 2007 < VOLUME 282<NUMBER 2

cultivation chamber by confocal laser scanning microscopy. €
s were taken every 4 min over 1 h (feft panel). in a second
-RFP was added to the cells 21 min after stimulation. The

ed onto coverslips, and inves-
Cells wera stimulated with

upon the addition of [L-6-RFP
(Fig. 5).
The shift of GFP fusion proteins
n native gels can be used to detect
protein-protein interactions (32).
We combined the application of
blue pative gel electrophoresis,
fluorescent fusion proteins, and advanced fluorescence gel
imaging to analyze the interaction of IL-6-RFP with IL-6. YFP-
1L-6 was generated by fusion of the YFP to the N terminus of
{L-6. The 28 N-terminal amino acids of IL-6 are not involved in
receptor binding (33). Theretore, fusion of YFP to the N termi-
nus of 1L-6 does not affect IL-6 biocactivity (26). Indeed, the
interaction of YFP-IL-6 with JL-6-RFP could be visualized by &
dramatic shift of the fluorescent band (Fig. 2). & 2-fold molar
excess of IL-6-RFP over YFP-IL-6 is sufficient to completely
trap YFP-I1L-6 in a high molecular mass complex. In these
fluorescence gel shift assays, the separate soluble receptor
proteins sIL-6Ra and sgpl30 are of lower activity, which is in

iown are representative of
icated
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FIGURE 6. Superdex gel filtration of YFP-IL-6 and the complex of YFP-iL-
GIL-5-RFP. A, 25 ol of supernatant of baculovirus-infected insect cells con-
taining ~25 ng of iL-6-REP (fane 1} or 25 ng of purified |L-6-RFP in PBS (lane 2)
were separated by SD%-PAGE under non-reducing conditions. Subsequently,
the gel was silver-stained. M, marker proteins. B, 57 wg of YFP-IL-6 were
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FIGURE 7. Proposed assembly of the iL.-64L.-6-RFP complex in analogy to
the hexameric IL-6 receptor complex. Individual domains of gp 130 and
IL-6Rax are shown in blue and green, respectively. Biack bars mark the con-
served WSXWS motif in D3 domains, and black lines depict conserved disul-
fide bonds in 02 domains. The linker is shown as a black fine. Interactions are
designated as proposed by Boulanger er al. {16). Monomeric IL-6-RFP {A)
forms a dimer {8) through site lIb and iilb interactions. For clarity, in the com-
plex of iL-6-RFP and iL-6 {C), only five of the ten interactions are markad. inthe
complex, each of the marked interactions occurs twice.

line with their lower potential to inhibit IL-6 (3). The ranking
of efficiency in trapping IL-6 is [L-6-RFP > slL-6Ra/
sgp130 > slL-6Re > sgp130. Sgpl30 alone has no detecta-
ble affinity to 1L-6 (not shown). The superior activity of 1L-6-
RFP is also reflected in the increased stability of the YFP-IL-
6-IL-6-RFP complex toward denaturation by urea, the low rate
of replacement of YFP-IL-6 by non-tagged 1L-6, the resistance

analyzed on a calibrated Superdex 200 16/60 column (molecular massrange
10-600 kDa) at a flow rate of 1 mi/min. 3-mi fractions were collected and
analyzed by fluorescence spectroscopy measuring the YFP emission at 525
nm. C, iL-6-RFP (17.7 ng) was analyzed by gel filtration on the same column.
3-mi fractions wera analyzad by ELISA. D, to enable complex formation, YFP-
IL-6 (5.7 ug) was incubated with IL-6-RFP in a 2-fold molar surplus (17.7 pg) for
30 min at room temperature. The complex was analyzed by gei filtration. The
3-mi fractions were analyzed by fluorescence spectroscopy to detect YFP-IL-6
and by an ELISA to determine the concentrations of IL-6-RFP. All molecular
masses were calculated using a regression curve based on the separation of a
known protein standard mixture.
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of the YFP-IL-6:1L-6-RFP complex toward an excess of the sol-
uble receptor proteins (Figs. 3 and 4), and the elimination of
recepior-bound YFP-IL-6 froro receptor complexes at the
plasma membrane by IL-6-RFP (Fig. 5).

In blue native PAGE, the mobility of the complex of YFP-IL-6
and IL-6-RFP is lower than the mobility of the albumin tet-
ramper (260 kDaj (Fig. 24). From a plot of the logarithm of
molecular masses of the BSA multimers versus the relative
migration distances (R, not shown), we calculated an apparent
molecular mass of ~290 kDa for the complex of YFP-IL-6 and
IL-6-RFP. We performed gel filtration with a calibrated column
(Fig. 6) to corroborate the molecular masses deterroined by
blue native PAGE. Gel filtration confirmed the observations
made by blue native PAGE. We found that preparations of YFP-
1L-6 consist of a monomeric and a dimeric species (Fig. 6R).
Dimerization of YFP-IL-6 is not caused by the YFP muoiety,
because YFP appears as a monomer in native PAGE (not
shown). Thus, dimerization of the fusion protein is attributed
to the known property of recombinant IL-6 to form dimers. The
metastable IL-6 dimer has been described to dissociate in the
presence of urea with a midpoint of dissociation at 3 Murea (34).
The behavior of YEP-IL-6 in our gel shift assays is in agreement
with the biophysical investigations on the IL-6 dimer. The
mobiiity of the IL-6-I1L-6-RFP complex does not change under
conditions that lead to dissociation of the YFP-IL-6 dimer (Fig.
3}, indicating that [L-6-BFP is largely complexed with mono-
meric YFP-IL-6. This observation is in line with the fact that
1L-6 dimerizes by interactions of the gpl30 binding sites of
two IL-6 molecudes (34). .‘nesc sites are occupied upon binding
of 1L-6 to [L-6-RFP (Fig. 7C

Unexpectedly, Lm'iiganded IL-6-RFP elutes from the gel fil-
tration column with a retention time corresponding to a
dimeric protein, Sgp13€ as well as s]L-6Rax are monomeric pro-
teins that interact in the presence of 1L-6 (35). However, in the
x-ray structure of the hexameric IL-6 receptor complex (16}
four contacts between IL-6Ra and gp130 were identified. Pos-
sibly, inx the dimneric IL-6-R¥P, these contacts are partially sta-
bilized by the covalent linkage of the corresponding IL-6Ra and
gp130a domains leading to the formation of an IL-6-RFP dimer
in the absence of IL-6 (Fig. 738).

If we assume a preformed IL-6-RFP dimer as depicted in Fig.
7B, IL-6 fits well into this assembly, leading to a complex of IL-6
and IL-6-RFP built up in analogy to the hexameric [L-6 receptor
complex {Fig. 7C). The apparent molecular masses determined
by gel filtration (325 kDa) and blue native PAGE (290 kDa) are
higher than the calculated molecular mass (264 kDa) of the
{(IL-6},"(IL-6-R¥P}, complex. However, the complex depicted
in Fig. 7Cis not a highly compact structure but rather extended,
comprising a real cavity between the two IL-6 molecuies. This
architecture mxghi explain the increased apparent ruolecular
mass. A similar deviation between calculated and apparent
molecular masses has also been observec in analysis of the
soluble IL-6 receptor complex by gel filtration and analytical
witracentrifugation (35).

Taken together our analysis by blue native PAGE and gel
filtration suggests that the IL-6-IL-6-RFP complex is built up in
close analogy to the soluble extracellular hexameric IL-6 recep-
tor complex. The latter cornplex is held together by 10 protein-

JANUARY 12, 2007 < VOLUME 282<NUMBER 2
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protein interactions (twice the sites of I, Ua, [b, HIa, and Ik}
{Fig. 7C). The superior stability of the IL-6-IL-6-RFP complexin
comparison with a similar complex built up by IL-6, sTL-6Re,
and sgpl130 is caused by the stabilization of these interactions
through a covalent linkage of the ligand binding domains of
sIL-6Ra and sgp130. Thus, a molecular basis is provided for the
high specificity and superior affinity of IL-6-RFP in comparison
to other IL-6 inhibitors. Thevefore, the fusion of ligand binding
domains of heteromeric cytokine receptors is a promising
approach for novel anti-cytokine therapies.
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PURPOSE: A pharmaceutical compesition containing novel oxazolidine and indals
compound, or pharmacsutically accepiable salt is provided o suppress IL-8 or HiL-11
signal transduction system and (o be usad as an anticancer ageni and anti-
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diseases or cancer contains 0.0001-10 wsight% of indole compound of chemical
formula 1 or pharmaceautically accapiable sall. The composition is manufactured in the
formulation of powders, granules, tablels, capsules, suspensions, emulsions, syrups,
supposiory, and excipisnt, The pharmaceutical composition is adminisierad by oral,
ractal or venous, muscudar, subcutansous, or intracersbroventricular injection.
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A1l helA, 37 sSd=E

1)
(25,35)-1-(3-C2-(HE-FEuedd S A e ) A EH-1-¢)-3-3lo| =& A -2-v &4 & ¢l b1

2) (25,39)-1-(3-(2- (e E- R Add SADde)d5d-1-2)-2-Ed 41 -1-F A 3-3-U  o}A
HeolE,
3) (28,39)-1-(3-(2-(HE-Fagua 2 Ao e)-11-¢15-1-¢)-2-WeE-4-v =D -1-3 422 3-3-24 o}
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A EOIE,

4) (25,39)-1-(3-(2-3to| =F A& )-1H-¢1 5-1-F)-2- v H 4w - 1-F A 3-3-2 ofAEHI o E,

5) (25,39)-1-(3-(2-(HE-RAuvddAa A D) -1H-¢1 5-1-2)-3-3te| =5 A -2- v D -4-m & gl 2= h-1-
=,

© (28,35)-3-3Fo] EFA-1-(3-(2-3to] 22 A S &)~ 1H-2 B-1-2)-2- M 4| L e d-1-2,

7 (2R,35)-1-(3- (2 (H = 2e e e S Aol e) el Ea 1-2) 2 Wel 4 Wit 3 &

8) (2R.38)-1-(3-(2-(E]E-R e Mg 222 A | D) -1H-01=-1-2)-2- v &4 = el = d-3-2

? (2R,39)-1-(3-(2-Bfo) == A &) D) 1H-AE-1-2L)-2 M4 v el o3&,

100 (25,39)-3-8ko] EFA-1-(3-(2- o] R A ) Q1EA-1-9D) -2 W D 4w Dl - 12,

1) (25,39)-1-(3- (23t ERA ) AEA-1-2) -2 G4 G- 1- S Awdk-3-2 obaHl o= 3

1) (9R.38)-1-(3-(2-ho] = B Al o] €] )l E el 11 ) o] El—do v <] gl k-3

o eleldl wowHE AL s e ol sAHom Sgbed 4.

37E 4

ALY A A F ool @ ) BEE E oole] sftdon SerbEd 98 Tshs, 94 AW T
oto] out 2 =g okE 2AE.

A7 5

Aagel] glolAl, A7) 454 AR T 4L IL-6 EE IL-11 o o3 fuEE 2 248

AT 6

2479 7

Aggel glold, 47) e AP, Fhd, AYAY, ¥FY, FAYAE, TAF, T5F, FAF, 98,
YrE, g, AL, AP, TY, AL, @, AL, A, 2L, ¥y, AP,
GaReE, ApueerE, 4TANGE, A4F, SRIT, BANY, BhL, AP, Fuped, ALY
F, AFTUAT R FHAAA IR PHPE ToRVE AU el 24E

[0001] e AW B SR SAEdUA L QEA SREE, olEe] $WW wi olEe Sgow I
BE Pe FAYEOR FHIE FEF L YA 2@ Holv),
{0002] AE (IL-6) = B Al A= A 2 (BSF2) == JAEHAER2 (INF-B2)2X =8t AlolE7delt. IL-

Z1-6

ol s o] 7\5]§]—°ﬂ odsl= BFaIxm=A A EHRJA Y (Hirano, T. et al., Nature (1986) 324, 73-76).
2 7R Mxe] TEe dES vA= brlE AlelERdeltE Aol #aldn) (Akira, S. et al.
Adv. in Immunology (1993) 54, 1-78). IL-6= A X =] F FHe ddlldS vz 2 AESH d48
23}, sfu= IL-67F el 9HAQ] IL-6 At IL-6 F8Ac MEuE ATt LdHod e
Ak oF 80kDo] wHARE wuwlzoelrt. tE shvbz, vlEzi= Aol Alod Aol et S oF 130kD
o] "hakulE op130 olvl. IL-69F IL-6 F&A= IL-6/IL-6 F&x EHIAES A5, ool gpl1303t

_9.
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Agstc). (Taga et al., J. Exp. Med. (1987) 166, 967). #l3t=e} A5 d¥ T AFEHolA = Janus
Kinases 2 (JAK2)7} Lﬂ’ﬂ°]H}f(transphosphorylat10n)°ﬂ ols] gddsido). dAdstd JAK2e o5 FEA A
XA Tl (cytoplasmic domains)®] <l#] Elo]lzm Al F7](tyrosine residues)”} <14Fs} (phosphorylation)¥ il
ol|RAL SH2Y t}E <latele]l & Al Ag WE] X (phosphotyrosine binding motif)E 7Fx]3. )= STAT3 (signal
transducers and activators of transcription 3)¢} 22 A X Z(cytoplasm) W T Ae] docking site G
kA Bk, FeAe AEFE  E=H<d(cytoplasmic domain)e] A3  STAT3=  JAK2¢] 93] <laks)
(phosphorylation)7} & F F=g&AolA Wolx] vpert. @43ld STAT3E S AZAWd A=Az AP 3=
(homo-) B dlHlEZrte]H(heterodimer)E ©l&# F FAlnucleus) W= E7F 54 fFxzxte] A2 A4
(recognition sequence)ol] AEste] ZAF(transcription)S Z=7}x|71t} (Levy, D.E., 5, Nat Rev Mol Cell
Biol, 2002, 3, 651-62, Darnell, J.E., J.r., Science, 1997, 277, 1630-1635).

[0003] ol#gk IL-6°] 3] fmvle AadeAA=s 9548 S 2% A oF dFe] BA-e] Ryuyo] low, wa}
A IL-60 93 FEHE dasdgAAe] dAE XNe8don FEslvt. @A, 1L-69 NEAZA AL dAGE
71l g3k A7+ 3 IL-6 R A7F 7 wol A7l vk, o] ¥ IL-6 R FA= Frielxy #d<d
st &l M 2 AAAIZE BRaHAS (FA5EA A98/11020%), FAGF %7}5, ZHY ZFg
g, W, A, o9, FuiglaAd 3EY, 5594 A9, B AasAdds e 6 k&l 714
Are] Azol 71Ed v vt (FASS] T/ A196/12503%.) . E‘r%*e] Aets, T, “Va A4,
WE, AFAFE 2 olEFHA F VA T AE 3 "ol /BRI AR 7]l (
AEs| M A98/42377%), A% HEBAE 7IEsts 53E B3 Ak (FASSEA A198/42377
). B8, AEYe] AsAE ANA = (FASS T A99/47170], olxle] &4 é-:%% -1L-6R
FAelAT. #AMFFe] ABAE 53% @A es RuHA (FASS] A A00/10607), 7
Ao XB8AE 7IEsta A= T A02/34925 A% BB 3-1L-6R eslx olt}, FIl=,
Axd 5 9155 = E3] MR A02/0809695 % o]Re] AR L F)-
IL-6R &Aolr}. =¥ Az2A JAAHAHE ¢ e AFEZE 7Hd F lon A=
Az ALe=E He Ty guldoe] ol #e Bxl glghE(small molecule

A BE A7 olFolA s 2L

compound) &< ol 2 gk WA A A
AEANAE= 2 2 wiAdxEe] STAT3S B2 #do] Q). o AL 5%,
HEd &, ™ %‘Ook, l:r%'l"i— 4=, Wy 9l fJEF 53 g Zed 9dy 2 o] =5
x3tsle] o e ¢hol] #AAs= A HuEdvlk (Niu, 5, Cancer Res., 1999, 59, 5059-5063).
ZF MY o dFmAA FHlE AXES FrAon FAshE STAT3S e zlom yazxlon], STAT3
H 34 MIH (Gouilleux—Gruart, V. 5, Leuk.Lymphoma, 1997, 28, 83-88) % T A X H==% (Yu,C.L.
J.Immunol., 1997, 159, 5206-5210) oA FxHeow AAses ZHow walzxvl. Fv|FAX, STATSS
HEA W WA AR 7] el FxAoem st He Aoe= geyvr (Frank, D.A., T,
J.Clin.Invest., 1997, 100, 3140-3148). STAT3=2, v} =TS 71k AA2H-Ee] =4 dd Ax A )
el gz E'—lr:‘ 14, 25F T4 A =xdA g4 oz walxlvl. olelgk MEE Fas-wizf AE
SIAR WA elal m& FF2] BelxL& 2&EgTh. STAT3 Alad®e A XAl digh S Fogoe=mym =4
= =29 A ¥l AES 3] A Aow v F vl (Catlett-Falcone, R. %5, Immunity, 1999, 10, 105-
115). 9, FHZol= AFLS R Ras o] o8 == o @A o)ddez [L-671 ZHHL, IL-6
E Ao =A Rasell o3k FdM el Ay Aol A" ¥ olYe} T AV Aol HuH
v} (Brooke Ancrile 5, Gene & Development, 2007, 21, 1714-1719). 53t EGFRe] ®Weo]l® #H A<(lung
adenocarcinoma)ell Xl 1L-67} 3 g o 2] STAT37 43P o] v x|HA] 1L-69 93 gpl30/JAK/STAT3 7
27} x5 ol MEE gHlew Rzt it} (Sizhi Paul Gao %5, J. Clin. Invest. 2007, 117,
38463856) .
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{0005} A, AEFN-11 (IL-1DL IL-6 familyol &3] = 954 AllEAUOR 1L-69 719 2L Ao dEAA
lom &3, A9, 95 2 Z24F dAzdA o Zdo] FrlEe] ¢F e Fag A%gs o=

oz Z#Ra v} (Jackson CB 5 J Pathol 2007, 213, 140-151). H IL-11°] =L $&A<l IL-11Ra ¢
gpl30°] Agsle] 91k, diAFdg Ax S22 L & IRE FIA7IE FEo] Lol RuFHa (Nakayama T 5
Int J Oncol, 2007, 30, 825-833, Yoshizaki A %, Int J Oncol 2006, 29, 869-876), Ernst < IL-11/Stat3
Az o3 smad7e] A8l FAY] TGF B Ald-S F%38h= smad activator”Z} g 2 2 4] oncogenic
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Zola; B RE G, G2, ofelazad, e wldoAY, £ Ry # RIF A AlelEndals &

ol shebd 19 e F ouhgAd ddEe pAdes )% gk

(8)-3-((2S,35)-3-8lo| =FA| -2, 4-THEHE 4 =) 4-o| AZ 2 HZAEZ D-2-2 (4a),

(8)-3-((25,39)-3-8le) =5A]-2,5- T 4wl 1l e d)-4-o) AT 2 A SAE ] P -2-2(4h),

-

($)-3-((25,38)-3-8lo| == A -2-HE4-HEHd 2 =D )4-0| AT 2 A A I -2-2(4c),

(§)-3-((25,39)-3-sto| =FA|-2-vEd4-wd d =} =) 4-o| AT 2 A SAE 2 U -2-2(4d),
(5)-3-((2S,38)-3-8to)| =EA|-2-HE4-"E d o] 7} =L )-4-0]| AT 2 A AL 2] -2-2(4e),
(8)-3-((2S,39)-3-8to| =FA|-2-vd-4-WH A 7= )-4-o]| AT 2 I FAE I -2-2(41),

($)-3-((25,39)-4- M A-3-slo| =F A -2-MEHAE4-o| = )-4-o| AT 2D SALE 2 D-2-2 (4g),
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[6023] 8) (8)-3-((28,38)-3-Ale| F 2 D-3-3 | EFA]-2-WE LR 5w A ) 4-o| AT 2 HFAE 2 H-2-2(4h),

[0624] 9) (R)-3-((2R,3R)-3-Fe] =ZA|-2-v 4l e ) 4-o) A2 2 A AE D-2-2(5),

[0025] 10) (S)-4-1A-3-((25,35)-3-sle| =F A -2-wE-4-wE &l v} ) SAFE ] T -2-2(7a),

[0026] 11) ($)-4-11A-3-((2R,35)-3-3e| =F A -2- e 4 A et} e D) SAFEE W -2-2(7h), &

[06027] 12) (8)-3-((2S,3R)-3-3lol=FA|2- e =) 4-0| AT BT A ALY -2-2(9).

{o028] sEE R1 R4 4 2! 3

4a CH(CH,), CH; S S S

4b CH(CH3), CH(CH3); S S S
4c CH(CH3), CiHo S S S
4d CH(CHs), CsHy, S S S
4e CH(CHs), CeHy S S S
4f CH(CH), CHis S S S
4g CH(CHs)» benzyl N N S
4h CH(CHz), 1-Cyclohexene S S S
5 CH(CHs), CH(CHs), R R R
Ta benzyl CeH,; S S S
b benzyl CeHy, S R S
9 CH(CH3), Cells S S R

[0029] o] glahal 19 SAEY WA IEE

= o
[} R
o o) AxHE RE 9, FE R SviskEe] TyErh. Yozt How 8T K
% & 9

oA o R ok
by

ie] olsl AR ool G8aiTh. FEMemt T §714& A8E 4 flew, Yrgem:
B BEN, B, QA B2 AT S gla, f/MAbeEE AN, 24, A, FAL, Fri2a, T34

et Sa, EdETemclHEs, WBEEA, WAEEL, S, MRS, FFea, =P

A, 4EBANGEEN, AXEEN, SUEZWALEN, HNEFA-0-LEN, 4 ETAEFEL, VSFE
ol

{0030] T e JEEA, B Lwe sbr] geA] 22 BAIEE UdEA SEE B oo kgH o= IEEH= g
&gk Aol

[0031] <z}ghr] 2>

[0032]

[0033]
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-0C0CH; Bz Abaelar; v === & gd T o|F Ade|r}.

{6034] Bo wgAsAE, R dlel=sAY B HE-FEOWEad g cEolal; Ry G2 HHl, 54 £

ApelgaE el d; Rt Fhela Ri 44 EE Cef A, 4 Ex Ael2E dgelm; Xt i, dE

_/":
A, Sel=FA), WEA), A8 wmE w8

Th BT ikAoa; Z' stel=EEA], Gl &
Al, —OCOCH; %= Abao)lan; B 7] === = gl T o|F Aot}
[0035] £ g o] gk 29 setE F ougA e sES FAFe R shr)er g
[0036] 1) (25,39)-1-(3-(2-(e|E-FEuuadd A ) e)dEd-1-d)-3-sle| =52 -2- e 4-vEd el e d-1-2
(13a),
{0037] 2) (25,39)-1-(3-C-(HE-Faguadd s e)JdEd-1-d)-2- W24 el 1-542=3-3-4  ofA
Ho]E(14a),
{6038] 3) (25,39)-1-(3-(2-(HlE-Rduvada A e)-11-¢ 5-1-2)-2-ved-4-HDA-1-2 = d-3-9 o}
A Ele] E(15a),
[0039] 4) (28,35)-1-(3-(2-3}o| =F A& )-1H-<1 5-1-2)-2-M &4 & &l -1-F A F-3-2 ol Eo] E(15b),
[0040] 5) (25,39)-1-(3-2-(E|E-F-duuddd S AN )-1H-UE-1-Y)-3-sle| =F A -2-m 4w Al k-1
=(16a),
{0041} 6) (25,35)-3-3to| =FA|-1-(3-(2-3lo| =F A A& )-1H-U 5-1-)-2- v &4 &ll .= h-1-2(16Db),
[6042] 7 (2R, 39)-1-(3-(2-(E| E-FEH v A H A A=) 1 EA-1-)-2- v -4 g = -3-5(17a) ,
[0043] 3) (2R,39)-1-(3-(2- (¥l E-FEuyeral e a])de)-1H-¢21 5-1-9)-2-vd-4-v g el = F-3-2-(18a),
{06044] 9) (2R,35)-1-(3-(2-3lo| =EFZ AN )-1H-U E-1-L)2- v & 4w & el % F-3-2-(18b),
[0045] 10) (25,35)-3-3Fe] = FA-1-(3- (23| =z Al AU EA-1-€)-2- 24 W el - 1--2(13b),
[0046] 11 (28,35)-1-(3-(2-8fo]| =F Ao ENN EV-1-Y)2- e -4- W=D -1-5 220 3-3-2 opAElo]E(14b) 2
[0047] 12) (2R,35)-1-(3-(2-gfe| =FAloe)d s -1-Y)-2- e -4-vw & &l = F-3-2(17b) .
[0048] e R1 Y Z NEFE=AZE
13a (CHz)4-OTBS 0 H 9L
14a (CHy)2~OTBS 0 OCOCH; A5t
15a (CH,),~0TBS 0 0COCH3 olFA3t
15b (CH;)»~OH 0 OCOCH; olF AT
16a (CHz)2-OTBS 0 H ol Z 43}
16b (CHz)2OH 0 H ol 4%
17a (CHz)4-OTBS H H 9L Adg
18a ( CHz)Z*OTBS H H o] %:é 6}:}
18b (CHy),~OH H H o) =ATt
13b (CHy)»—OH 0 H S A4
14b (CHz)»~OH 0 OCOCH; GA A
17b (CHy)»,—OH H H S 43t
[0049] £ o] ek 29 QAEA SFES FstH o g E7bse o FHE AT ¢ dow, FAe W)
o3 AxHE BE 4, FEE 2 gvigtEe] x3Hr}. Joms dgdHdow FHEIEI FEli(iree acid)el
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2b (R-CHi

24 (B
2d

Q0 OE
&y
G T
& L W
W
X “wnv O:! - W._

0o

z
o
(M} NH HOL 3T%HOHD

“CHG

3a (G-vla )

,,1 o
TODD . i
V

Gl RN e

[0050]
[0051]
{00521

Ex. 2001 - Page92

[0053]



SIHES 10-2011-0047179

{0054} <gk-§-2) 3>

, O,B\N N o UHG RGBT DIFEA
i CH Q78S

[0055]

[0056] <¥k-S-2] 4>

#-Bu,BOTE, DIFEA
CHAOL, 7870

[0057]

[0058] <RS2 5>

191
A L smesotropEa
CHSl <7879

S /}LCHO

4 i 9:1) i
{6059}

{00601 <qh-g-2]

B ROTE DIPEA
CHse 75 o

[0061]

[0062] <akg Al 7>

THEH,EHIH)

164,

[0063]

_10_
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SHES

{0064] <Rk 8>

imd, TBSGH
CHBL,

[0065]
[0066] <qke-2] 9>
HssIu;maEA,, »’“‘N
DiE
12 oL T BRI DprsaiiecH
AcDHY F\i‘i‘iid?ﬂ%
___bpe
Benzens
}jg Poi T JPTSAMNEOH
[0067]
[0068] <qk2-21 10>
[0069]
{00707 A7 ZF gbg Ee BE QRgo] A" d R

[0071]
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[0072} w3} e

[0073] 2 odye] mE gFgES L6 =5 IL-11 ¢ 93] fRHe AsdIAAE A= a7t 9522, 1IL-6
T IL-11 o 98 viAg e d8, 53] 9548 29 e o 2389 X8 5E o¥ed 5% avrt o

i
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Hell whel akAl, AHAl, AA, AEA, ey, 01]?:;!23,
o FARE Y] FHE Algstete]l A2 4 Sl
A 2 AARE dE= diEm= SO &H
Fhalop a1, dAlvlele | Al g XxdolE, Zg
g HEeE, =, dEs|EsApmzdelE, =
& E 7 A, AAEE Asee nE AMEst
A BE FFAE A8t 2A”RY. AT
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= a
}%—‘dﬁ} BrE A

el g
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2
2
ol
OE
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Kl
ol
Y

IS

il ol
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g, o3 nFAA= AV FEE &

. ZEF7lRe]lE (calcium carbonate), I =EX(sucrose) Er

ol ZAlE. B d=g FFA oleo ntadlg ZEHEHOE, §3 e
2= d9Al, W8AA, 74, AlEAl Feol] AdH= v 3] /\}%ﬂ

A ol o2 7Ex] FFEA, dE YW F&A, AelAl, wekA,

A& AAd = Bad s8N, HFAA8A, A, FA, TEx AA, FA7}

Ams z2ddadE (propylene glycol), ZgeEd &, =1 EL%‘J}

Bt 2 FAF 7bed olzvHz2 Feol AME F . AAY TAlRe 9

(tween) 61, 7}7FeA], #8f-HX], /M 2A Rt Fo] A82 5 o).

[0079] 2 o] SAREE A shehEdd SEh 13 dEA ShEd shEk 29 nhe A FolRke #xte] A
Az, Aol A=, FEFH, FALR Z 7|3 vhExnk, Fdxte] of3 AdsiA deE ¢ vk 2
v, vAE Gaks HsA, 2 e FEE e SES 1Y 0.0001 WA 100 mg/kgo s, vlgrAEAE
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[0081]

[0082]

(00831

[0084]

[0085]

{00861

SIHES 10-2011-0047179

e}, A0 A = M)

2E 2 dqad 5 oled, dE 89
(int

, A
racerebroventricular) AL o8] FoE 4 .

o) 4l wsE AsAeANA) A3 BYE AHAE
S 1 o SATelNA Er foHa 20) QB HE E o)) StHom SlgHE o, E: o8 xe
st 2B BF Rom, Frielx By, BEF, A7 43, 299 IRRU EF, 0, 449,
oheld, HEHA W, WPFANG, Gy AsE, vEU, v a9, A9nNE, 2599 ok
S W, AAd FRF, 28, 49, A4, 9ad 504 953, gy R dmslelne s
434 A8, 7Ez AP, wd, AWAL, WIF, FARSE, FAFT, 25F, FAT, Ay,
YxE, ek, A9, A% T, AT, daeh, AP, Awe, 239, gRyed, @9,
GaRekE, AFunerE, AFANUE, A4E, SRUF, £ANY, WA, Vg, Fmpe, AP
F, AgEwelE L R0 B w2 gol Ay 2 A= olbFos f8etil AsE &

T 18 ololamegexEddd 332D AEA 2] Hep2 MTAA IL-68 FEHoIxE= A= a4
(luciferase)®] & As1&Ad2] [CeS VEIA Zolt),

= B ddd] wE e 442 FAE = ololAZ e A AU A FskEo) HepG2 AEAA IL-1108 &
= Juciferase®] & AFHAAHS JeEW Folu},

o3 B o] mpE gheh] 442 BAEE olelavedSAEe WA BHghEe] Hepe2 AXA IL-6 F
STAT3 14ks}l Al 248 yekdl Zo|v},

E 4w el nhE sebd 4dE BAEE ololhZedSAlEeEA skl U266 AxelA L6 F
JAK2 ¢} gp130 1A4kst As &4d-E vEld ol

¥ 5= H ulge] w2 3ok 4dwm BAEE ololAT m@AlEw WA sFdEo] 3T3L1 A TolA olzd
olt] Z AU Al 2 (adipogenesis)E Aslels IL-6 T4 3|Ea= 84S eyl Zo|t),

b

kt

E
H

t

olel, B wiel olslE H/] fskel wpgAF AAAE ANFT. 2 sr)e) DA B oEe w4
A elalar] ekl AHE AL B, Axele] ola] ® wwe] vge] dAHE AL o

Al - ghety 19 22 BAFE SRbEe] 94

<A Ao 1>
. M BNH HEL 37%BHOHO ]
R “oHo: - ~ E,J\_Qm,
1 2
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{0087] S-ve-2-v A Felde] Ax(2b)

[0088] 1b ojelatE|dr]sleol= (500 mg, 58mmol, leq)ol] X Lr]sle]l= &M (0.434ml, 58 mmol, leq, 37%)3F ©}
ojMeolRlsto|=rZ R etol= &AL (440mg, 50mmol, 0.93 eq) H7}stel 70TCRE 48413 Wk s}3ivh. ¥h-go]
44" AL TLCE Flegiv). BE gshEo] 2b7 & RS #F1d Fol &8 Hulshe] wheE A Al F,
tholdldolEl & Hrlstel §7154 REssith. §7152 T dvladigen Ax:AR, 55470 F, =
gy oA EA 2b (44-62%) = LATE. AHE sHA] Ko wkE ohg gl WRkA T

¢

U‘O oﬂ.

{0089} "H-NMR (CDClz, 500 MHz) & 9.52 (1H, s, —CHO), 6.23 (1H, s, -C=CHaHB), 5.94 (1H, s, -C=CHaHB ), 2.78
(1H, m, -CH(CH3)2), 1.07 (6H, d, J = 6.8Hz, —CH(CH3):)

{6090] - Asabge] Alz(2c)
{0091} d71e] FLFE WS ARk = A=A e 2¢ (44-620)F LA
[0092] H-NMR (CDCls, 500 MHz) & 9.53 (1H, s, —CHO), 6.24 (1H, s, -C=CHaHB), 5.98 (1H, s, -C=CHaHB), 2.23

(2H, t, J = 7.3 Hz, -CH)CH,CHCHs;), 1.35-1.30 (4H, m, -CH,CH.CH,CH;), 0.90 (3H, t, J = 7.3Hz,

~CH,CH,CH,CHs)

[0093] 2-ved @@ elde] A|x(2d)

{6094] A7 Tdg UHE AMEEte] =T AR B 2d(44-62%)F 23U

{00951 "H-NMR (CDCI3, 500 MHz) & 9.52 (1H, s, —CHO), 6.23 (1H, s, —-C=CHaHB), 5.97(1H, s, —C=CHaHpB), 2.21
(2H, t, J = 7.8Hz, -CHCH.CH,CH,CHs), 1.31-1.25 (6H, m, -CH,CH,CH,CH,CHs), 0.87 (3H, t, J = 6.8Hz,
~CH,CH,CH,CH,CH;)

[0096] 2-vgASede] Al=(2e)

{0097} Aol FLd WS AFESte] =gkl A EH ] 2e(65%)E A},

[6098] "H-NMR (CDCI3, 500 MHz) & 9.52 (1H, s, —CHO), 6.23 (1H, s, -C=CHaHB), 5.97 (1, s, -C=CHaHB), 2.21
(2H, t, J = 7.8Hz, —CH,CH,CH,CH,CH,CHs), 1.31-1.25 (8H, m, —CH,CH,CH,CH,CH,CH;), 0.87 (3H, t, J = 6.8Hz,
~CH,CH,CH,CH,CH2CH3)

[0099] - e W] AlZR(2f)

[0100} A71e] FA3 S AR Ee] bl AR S o] 2f(44-62%)F LA,

[0101] 'H-NMR (CDCI3, 500 MHz) & 9.53 (1H, s, -CHO), 6.24 (1H, s, -C=CHaHB), 5.98 (1H, s, -C=CHaHB), 2.22

(2H, t, J= 7.3 Hz, —CH,(CH;)4CH,CHs), 1.43 (2H, m, —CH,(CH;)4CH-CHs), 1.18-1.30 (8H, m, —CH,(CH;).CH,CHs5),
0.87 (3H, t, J = 6.8Hz, —CH,(CH,),CH,CH5).

91023 2-yidola A &) slo] =(2g)

{0103} A71e] FLI WS AR I A A ZE ] 2g (51D)E AU

_14_
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(01043 "H-NMR (CDCls, 500 MHz) & 9.56 (1H, s, -CHO), 7.25-7.10 (5H, m, Ar-H), 6.05 (1H, s, -C=CHaHB), 6.01
(1H, s, -C=CHaHB), 3.50 (2H, s, Ar—CH,C=CH).

[0105] <A e 2>

3a. (5-1A DA 2a (B=CH)
26 (R=C

10106}

[0107] (8)-3-((25,35)-3-3}o]| =2 A]-2,4-U v HHME4-9| = )-4-0]| A T2 H LA =T TJ-2-2 9] A ZE(4a)

[6108] tolZgadE (1.1 ml)d {31A1F, (R)-(+)d-olo]lAT2F-3-TauE-2-2AZFe )= 3a (100 mg, 0.541
mmol , leq)S D-eFzdA Wl A7 F 1M thelZEaded gadolx] = tlo]Rdns ExZzavg
U 0] B (596, 0.596 mmo) e} TholololiT g &olnl(90.6, 0.650mmol, 1.2eq)S 3] Artsld e =
SolA] 50% Eoh wRkeITh. WWkAIZ] Whg EFES s 78TCelA 108 BoF WAAA F, tpelFR v
(0.70 ml)ol] &3iA17) wRol=z 5= 2a (59.0, 0.704 mmol)E F3} 78TolA] 308 F<F wyketgvt, 7 vhg,
Al dggaelA WY AR F 1AIZE B9k wRkgk §, pH 7.0 X 2AWelE (1.2 ml), WEE (1.1 ml), 30%wt
stol =2 A SRl =F8-(0.6 ml), WMEe(1.1 ml)S 2 = Hrlete] 9h&& AXAIZIT. oA dggx
ol 1A1ZE ¥ WRIAZ] F telgzradad E& go] B, f§715S Edsdd. e fr15S &F
Frgol= FEAdor AojE F, 5 amladlgon HAZRA7II, FEAFC. folxl IAE AeElvk A
HazvlEaey] (18 % n-Azk:dolA o] E)ste] E2S Felsta HdFRAIA w2 AAEZ 4a (68mg,
49%)% IATt.

[0109] "H-NMR (CDCls, 500 MHz) & 5.12 (1H, s, -C=CHaHB), 4.97 (1H, s, -C=CHaHB), 4.48 (1H, m, -OCHaHB

CHN), 4.40 (1H, brs, -CH(OH)), 4.30 (1H, dd, J = 17.1, 8.3 Hz, -OCHaHBCHN), 4.22 (1H, dd, J = 9.3,
2.9 Hz, -OCHaHBCHN), 3.97 (1H, dq, J = 7.3, 2.9 Hz, -CH(CH;)CH(OH)-), 3.11 (1H, brs, J = 2.4 Hz,

-OH), 2.39-2.32 (1H, m, -CH(CH3);), 1.72 (s, 3H, -C(=CH)CH;), 1.18 (3H, d, J = 6.8Hz, —CH(CH;)CH(OH)-),
0.92 (3H, d, J = 6.8Hz, —CH(CH3);), 0.89 (3H, d, J = 6.8Hz, —CH(CH3),).

{0110} (8)-3-((25,39)-3-3l°)| =FA]-2,5- U4 DA A=A )4-o] AT 2 HSALEFH A -2-2 9] A|ZF(4b)
{01113 7)ol TLZ WS ALEsle] kAl A E o] 4b (43%) 2 LATE.
{0112} "H-NMR (CDCL3, 500 MHz) & 5.19 (1H, s, -C=CHaHB), 5.04 (1H, s, -C=CHaHB), 4.48 (1H, m, -OCH aH,

CHN), 4.46 (1H, brs, -CH(OH)), 4.30 (1H, dd, J = 17.1, 8.3 Hz, -OCHaHgCHN), 4.22 (1H, dd, J = 9.2,
2.9 Hz, -OCHaHgCHN), 3.96 (1H, dq, J = 6.8, 2.9 Hz, —CH(CH;)CH(OH)-), 3.08 (1H, brs, -OH), 2.38-2.32

_15_
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(1H, m, -CH(CHs)z), 2.18-2.13 (1H, m, -C(=CH)CH(CHs);), 1.19 (3H, d, J = 6.8Hz, -CH(CH;)CH(OH)-), 1.09
(38H, d, J = 6.3 Hz, -C(=CH)CH(CHs),), 1.05 (3H, d, J = 6.8Hz, -C(=CH)CH(CHs);), 0.93 (3H, d, J = 6.8Hz,
-CH(CHs),), 0.89 (3H, d, J = 7.3Hz, —CH(CHs3)2).

[0113 (8)-3-((28,38)-3-3o| =5 A|-2- M d-4-v B AS = )-4-0o| 2 Z 2 ASALE Y D-2-29] A|=(4c)
USRS 710l FAF RS A ske] x| Ede] 4c (160 LU
[0115] H-NMR (CDCls, 500 MHz) & 5.16 (1H, s, -C=CHaHB), 4.97 (1H, s, -C=CHaHp), 4.46 (1H, m, -OCHaHg

CHN), 4.41 (1H, brs, —CH(OH)), 4.28 (1H, dd, J = 17.6, 9.2 Hz, -OCHaHgCHN), 4.22 (1H, dd, J = 9.3,
2.9 Hz, -OCHaHgCHN), 3.95 (1H, dgq, J = 6.8, 2.9 Hz, —CH(CH;)CH(OH)-), 3.13 (1H, brs, —OH), 2.38-2.33
(1H, m, —CH(CHs)»), 1.98 (2H, m, —C(=CH)CH,CH,CH,CHs), 1.46-1.40 (2H, m, —C(=CH)CH,CH,CH,CH;), 1.35-1.23
(2H, m, -C(=CH)CH,CH,CH,CH;), 1.17 (3H, d, J = 6.8Hz, —CH(CH;)CH(OH)-), 0.91 (3H, d, J = 6.8Hz,
—~CH(CH3),), 0.87 (3H, d, J = 7.3Hz, -CH(CH3),), 0.86 (3H, d, J = 7.3Hz, -CH(CH3),), 0.85 (3H, t, J =
5.6Hz, ~C(=CH)CH,CH,CH,CH5) .

[0116] (8)-3-((25,35)-3-3}o| =FA]2-vd4-HE At} )40l AT 2HSALEZ T -2-29] A|ZF(4d)
[eumn A7) BAF MhHS ARREle] =gkl AR Ee] 4d (84%)E LU},
[0118] "H-NMR (CDCls, 500 MHz & 5.18 (1H, s, -C=CHaHB), 4.99 (1H, s, -C=CHaHB ), 4.50-4.47 (1H, m, -OCH o H

BCHN), 4.42 (1H, brs, -CH(OH)), 4.28 (1H, dd, J = 17.4, 9.0 Hz, -OCHaHBCHN), 4.22 (1H, dd, J = 9.3,
2.9 Hz, -OCHaHgCHN), 3.95 (1H, dg, J = 7.3, 2.9 Hz, —CH(CH;)CH(OH)-), 3.15 (1H, brs, -OH), 2.39-2.33

(1H, m, —CH(CHs)3), 2.04-1.90 (2H, m, —C(=CH)CH,CH,CH-CH,CH;), 1.49-1.43 (2H, m, —C(=CH)CH,CH.CH,CH,CH;),
1.34-1.28 (4H, m, -C(=CH)CH,CH,CH,CH,CHs), 1.18 (3H, d, J = 7.3Hz, —CH(CH;)CH(OH)-), 0.93 (3H, d, J =
7.1 Hz, -CH(CHy),), 0.88 (3H, d, J = 7.1 Hz, -CH(CHy,), 0.88 (3H, t, J = 5.4 Hz,
~C(=CH)CH,CH,CH,CH,CH5) .

[0119 (8)-3-((28,39)-3-38to| =F A -2-M -4~ LA 7} =P )-4-0] A2 Z 2 DAL Z T I-2-2 9] A Z(4e)
{0120 A7)0l TR WHEE AL A m=Ta R Pe] 4e (879 LA
o121 H-NMR (CDCls, 500 MHz) & 5.18 (1H, s, ~C=CHaHB), 4.99 (1H, s, -C=CHaHB), 4.50-4.47 (1H, m, -OCHa

HBCHN), 4.42 (1H, brs, —-CH(OH)), 4.28 (1H, dd, J = 17.4, 9.0 Hz, -OCHaHBCHN), 4.22 (1H, dd, J =
9.3, 2.9 Hz, -OCHaHgCHN), 3.95 (1H, dq, J = 7.3, 2.9 Hz, -CH(CH;)CH(OH)-), 3.15 (1H, brs, -OH), 2.39-

2.33 (1, m, -CH(CHs),), 2.04-1.90 (2H, m, -C(=CH)CH,CH,CH,CH,CH,CHs), 1.49-1.43 (2H, m,
~C(=CH)CH,CH,CH,CH,CH,CH;),  1.34-1.28 (6H, m, -C(=CH)CH,CH,CH.CH,CH,CH;), 1.18 (3H, d, J = 7.3Hz,
~CH(CH;)CH(OH)-), 0.93 (3H, d, J= 7.1 Hz, -CH(CHs);), 0.88 (3H, d, J= 7.1 Hz, —CH(CH3),), 0.88 (3H, t,
J = 5.4 Hz, —C(=CH)CH,CH,CH,CH,CH,CHs) .

{0122} (8)-3-((28,35)-3-3to| =2 A)2-Hd-4-H DAL |7} )4-o]| AT FLALEE T-2-2 9] A|x(4f)
[0123] A71e] TLI WS ALl =k AR EF ] 4f (41%)E LA
— 16 —
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[0124]

[0125]

[0126]

(0127

[0128]

{0129}

{0130}

{0131}
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"H-NMR (CDCls, 400 MHz) & 5.18 (1H, s, -C=CHaHB), 4.99 (1H, s, -C=CHaHB), 4.50-4.46 (1H, m, -OCHa
HgCHN), 4.42 (1H, brs, -CH(OH)), 4.30 (1H, dd, J = 17.4, 9.1 Hz, -OCHaHgCHN), 4.23 (1H, dd, J = 9.1,
3.1 Hz, -OCHaHgCHN), 3.95 (1H, dq, J = 7.1, 2.8 Hz, —CH(CH;)CH(OH)-), 3.12 (1H, brs, -OH), 2.37-2.33
(1H, m, -CH(CH3)2), 1.95 (2H, m, -C(=CH)CH»(CH;)sCHs), 1.19-1.26 (10H, m, —-C(=CH)CH,(CH;)sCHs), 1.18 (3H,
d, J = 7.1 Hz, -CH(CH;)CH(OH)-), 0.93 (3H, d, J = 7.0 Hz, -CH(CHs),), 0.89 (3H, d, J = 6.72 Hz,
—-CH(CH3);), 0.86 (3H, t, J = 5.8 Hz, —C(=CH)CH,(CH;)sCHs) .

(8)-3-((28,35)-4-912-3-3}o| EZA|-2-H D H E—4-o|| = )-4-o]| AT B P2 A= T d-2-2 9] | Z(4g)
A710] Td3 AHE AFEsle] wmwha) ARNEA] 4g(720)E LA

"H-NMR (CDCls, 500 MHz) : & 7.28 ( 5H, m, Ar-H), 5.33 (1H, s, -C=CHaHp), 4.98 (1H, s, -C=CHaHp),
4.42-4.41 (1H, m, -OCH aHgCHN), 4.39 (1H, d, J=3.3Hz, -CH(OH)), 4.25 (1H, dd, J=9.0,8.3Hz, -OCH aHpg
CHN), 4.19 (1H,dd,J=9.0,3.2Hz,-OCH aHgCHN), 4.01 (3H, dq, J=7.1,3.0Hz, -CH(CH;)CH(OH)-), 3.44 (1H, d,
J=15.4Hz, -C(=CH)CH aHgPh), 3.30 (1H, d, J=15.4Hz, -C(=CH)CHaHgPh), 3.14 (1H, brs, -OH) ,2.35-2.29
(1H, m, -CH(CHs)z), 1.22 (3H, d, J=7.1Hz, -CH(CH3;)CH(OH)-), 0.91(3H, d, J=7.1Hz,-CH(CHs);), 0.87 (3H, d,
J=6.8Hz, —CH(CH3)2).

<dAd 3>
() ¥
_ o’ﬂ\m jﬁ A AOHG B BOTY, DIPEA _

tolzaawe (1.5 mDel |3AIX, (R)-(H4-olo]l AT wA-3-Z2HE-2-2 A& )= 3a (100 mg, 0.541
mmol, 1 eq)S ALFZA] B A7 F, M gelFmavde g0 Y= e ane EgZzavyy
AT dle]E (596 , 0.596 mmo)} ThelolelaZzPeldelw]l (90.6 , 0.650 mmol, 1.2 eq) & 3] A 7}ale]
2 £xeA 508 Fob ket WRkAIZL Whg EJES 4t 78T oA 108 Tk WA F, telE
2298 (0.70 m)ol A 1-Ao]ZF=a M FHEAgr]dlo]|= 2h (92.25, 0.81 mmol)E B3} 78ClA 30&
FoF wukskgick. o ohg, thA] AggmellA W A7 F 1ARE Fek wgkdk $ pH 7.0 E2F]E (1.2
ml), WEZ (1.1 ml), 30%wt stol=mAAER)|=S4gd (0.6 ml), WE2(1.1 )< A= Arteted] 9L
XA 1), Al DG A] 1A1ZF B A7l 5 tlo|Fr v ey 5w ngste], 712 B
stivk. 2l v712° AEIRelE FEHem Hoje F, ¥F Wvtadges dx:A7Ia, FFA

o]zl ZAE AP AgasviEady (18 % n-dah ool el E)sle] 2dL B ﬂi Hz:A
N Z= 4h (22.3 mg 14.8 9 LA},

ETH&

"H-NMR (CDCls, 500 MHz) & 5.81 (1H, t, J = 3. 4 Hz ,Cyclo = (CHz)), 4.50-4.47 (1H, m, -OCH a HBCHN),

4.42 (1H, brs, —CH(OH)), 4.28 (1H, dd, J = 17.4, 9.0 Hz, -OCHaHBCHN), 4.22 (1H, dd, J = 9.3, 2.9 Hz,
-OCH a HgCHN), 3.95 (1H, dq, J = 7.3, 2.9 Hz, -CH(CH3)CH(OH)-), 2.93 (1H, brs, -OH), 2.40-2.33 (1H, m,

-CH(CHs)3), 2.07-2.05 (2H, m, —Cyclo(CHp)), 1.927 (2H, t, J = 17.60 Hz, —Cyclo(CHz)), 1.67-1.55 (4H, m,
—Cyclo(CH,CH,), 1.18 (3H, d, J = 7.3 Hz, -CH(CH;)CH(OH)-), 0.93 (3H, d, J = 7.1 Hz, —-CH(CHs)), 0.88
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(8H, d, 7= 7.1 Hz, —CH(CH3),).

[0132] <AAd 4>
oy
:)’/u\ N’U\l nsRusBOTE DIPEA.
L CHyGl, 78 PO
3b (R0} 2AA]) 2d 5
[0133]
[0134] telZzadE (2.0 mDell &A1, (R)-()4-ofo]AZx 2 A-3-Z 23] E5-2-FAlE2 )= 3b (100 mg, 0.541
mmol, 1 eq)S LSFFAA WY A7 F, 1M delFrar g &ado)x] = tolyedne ExZzadd
A Ule]E (596 , 0.596 mmo)$} Tholofo]liZ 2 A Eloly]l (90.6 , 0.650 mmol, 1.2 eq) & 3] Ar}sie]
2L oA 50wk wWukelit)h. WRE AIZ] WbE EFE-S gt 78TClA 108 BF WA &, teolF

Za9E (0.70 ml)d] |83AZ) 2-vW DA 24 (68.14 , 1.07 mmol)E F3} 78CeA] 308 Tk wwkalich.

I s, vAl dEgEelA] WY AR F 1ARE E_b MRERE & pH 7.0 XA¥0]E (0.1 ml), HEE (0.2
ml), 30%wt spel=mAsEAe]l=F8o(0.2 m1), WEL(0.2 m)E AHAd= Hrrst] wg& AxAZ. o
Al derEaA 1ARE 8 wRiARl F gel@rrvga &5 Yol s, #7158 Edsidd. 2Ed &
7158 AFFudels FEgqon Aol F, F¢ AMvtadlgem AdxAlra, wFAFT. dolxl e
dephd dyazetEaey (156 % n-FabicEotAeclB)ete] =d& FHeta AFAA =9 AAEd b
(146.3 mg 87.2 )& LATH.

[0135} "H-NMR (CDCl3, 500 MHz) & 5.18 (1H, s, -C=CHaHB), 4.99 (1H, s, -C=CHaHB), 4.50-4.47 (11, m, ~OCHa

HBCHN), 4.42 (1H, brs, -CH(OH)), 4.28(1H, dd, J = 17.4,9.0 Hz, -OCHaHBCHN), 4.22 (1H, dd, J = 9.3,
2.9 Hz, -OCHaHgCHN), 3.95 (1H, dg, J = 7.3, 2.9 Hz, —CH(CH;)CH(OH)-), 3.15 (1H, brs, -OH), 2.39-2.33

(1H, m, -CH(CH3);), 2.04-1.90 (2H, m, -C(=CH)CH,CH,CH,CH,CHs), 1.49-1.43 (2H, m, -C(=CH)CH,CH,CH,CH,CH;),
1.34-1.28 (4H, m, -C(=CH)CH,CH,CH.CH,CH;), 1.18 (3H, d, J = 7.3Hz, -CH(CH;)CH(OH)-), 0.93 (3H, d, J =
7.1Hz, —-CH(CHs);), 0.88 (3H, d, J=7.1Hz,-CH(CHs);), 0.88 (3H, t, J = 5.4 Hz, —C(=CH)CH,CH,CH,CH,CH3).

[6136] <A A4 5>

; JL{
7 \NJL‘\ St ‘,c'\ o

i

01371

[0138] thelZzawE (1.5 ml)o] &3 A7), (R)-4-HNA-3-T2FdSAEed-2-2 6 (100 mg, 0.43 mmol, 1 e
O dFFdA WY A7 F, 1M thelEFRRdad gsHolx] gl teolRERE EfZeavu Ay ol

E (515 , 0.51 mmol)¢} tlolololA=mHoEHolrl (104 , 0.60 mmol, 1.4 eq) & HF3] A7} sl e &

ZolA] 508 FoF wRkeAT. Wk A7l Wk EFES 43 78T A 108 B9 WA F, thelFR v

(0.70 mD)o |3A17) 2-wdalge 2d (68.14 , 1.07 mmol)E <33} 78°CellA] 30 FoF ﬂb&’é}ﬁt‘r. i = =Ny

Al dggaelA WY AR F 1AIZE Sk wRkgk §, pH 7.0 E2e]E (0.1 ml), WEE (0.2 ml), 30%wt
sfol=m Al ERol=,Ed (0.2 ml), "WELS (0.2 m)S Add= Hrbsld whsS AXA . oA de

Zd A 1AIZE o AR & telgradey &5 do] Egste], §715S EEsdd. e fU15E &

FRel= FEANom RolFE F, FF EntavlFon AXRA7II, EFAZT. oIl AME AEgkA
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AgazatEaes (18 % n-dib: oo o] E)ste] EHS Reld dAxAlA =d4 A4A&E" 7a (105mg,
68%)E LATt.

[0139] "HNMR (CDCls, 500 MHz) & 7.36-7.33 (2H, m, Ar-H), 7.30-7.27 (1, m, Ar-H), 7.22-7.21 (20, m, Ar-H),
5.19 (1H, s, C=CHaHg), 5.00 (1H, s, -C=CHaHg), 4.74-4.69 (1H, m, -OCHaHgCHN), 4.45 (1H, brs,
-CH(OH)), 4.23 (2H, m, PhCH,-), 3.96 (1H, dd, J = 10.2, 3.4 Hz, —-OCHaHgCHN), 3.27 (1H, dd, J = 13.2,
3.4 Hz, -OCHaHgCHN), 3.01 (1H, brs, -OH), 2.81 (1H, dd, J = 13.2, 9.2 Hz, -CH(CH;)CH(OH)-), 2.00
(2, m,  -C(=CH)CHy(CHy),CH,CHs),  1.48  (2H, m,  —C(=CH)CH,(CHy);CHCHs;), 1.32  (4H, m,
—C(=CH)CH,(CH,),CH,CHs), 1.20 (3H, d, J = 6.8 Hz, -CH(CH;)CH(OH)-), 0.90 (3H, t, J = 6.8Hz,
~C(=CH)CH,(CH,) ;CH.CH;)

[0140] AA A5 G FAS A AAddagntE a9 (18 % n-A ol Ho)E)e A 7as = H, (12 %
n-Aak: | EopAElo] E)e] 7b (21mg, 14%)E FUATH.

0141} "-NMR (CDCls, 500 MHz) : §7.36-7.33 (2H, m, Ar-H), 7.30-7.27 (1H, m, Ar-H), 7.22-7.21 (20, m, Ar-H),
5.19 (1H, s, —-C=CHaHg), 5.00 (1H, s, —C=CHaHg), 4.74-4.69 (1H, m, -OCHaHgzCHN), 4.45 (1H, brs,
~CH(OH)), 4.26-4.19 (2H, m, PhCH,~), 3.95 (1H, dd, J=10.2, 3.4 Hz, -OCHaHgCHN), 3.27 (1H, dd, J =
13.7, 3.6 Hz, -OCHaHgCHN), 3.01 (1H, brs, —OH), 2.81 (1H, dd, J=13.2, 9.8 Hz, —CH(CH;)CH(OH)-), 2.00
(2H, m,  -C(=CH)CH,(CHy),CH,CHs),  1.48  (2H, m,  -C(=CH)CHy(CHp),CH,CH;),  1.32  (4H, m,
~C(=CH)CH5(CH),CH,CHs), 1.20 (3H, d, J = 6.8 Hz, -CH(CH;)CH(OH)-), 0.90 (3H, t, J = 6.8 Hz,
~C(=CH)CH,(CH;)>CH,CH3) .

[0142] <Al 6>
q ' NJ‘H ST -":"&:HQ . PREBOTE rf_lP-E-A,_
TN CHOly, -78 o8
Ba & G
B(R1 = CeHia) 3 {R1=C8H13)
[0143]
{0144 telgz=ud (1.5 ml)e] €34, (S)-(H)d4-olo]AZ2RA-3-ZT 23 E5-2-3A&2 ] 3a (100 mg, 0.541

mol, 1 eqQ) S LS&FRAA WUIAIZI &, 1M thelSFzaveted 83504 Y= te]Rens =gz ayy
A o]E (596 , 0.596 mmol)%} thololo]lA=ZHol|"olwl (90.6 , 0.650 mmol, 1.2eq) = A3 A7}std
e 2XxoA 508 Fo wwrelgdvh, Wk A1) Wk E3HE-S sl 78° € oA 108 FoF W
Z=z29e (0.70 ml)o] |3A17] el 8 (92.25 , 0.81 mmol)E A3s} 78TA 30 FToF mukelsivt. =
e, A degzdA WY AR F O1AIZE Bk wwk 3 F . pH 7.0 E2AHOE (1.2 ml), WEE (1.1 ml),
30%wt slol=g7 HEA) =LA (0.6 ml), WE2 (1.1 n1)S A= H7ste] vk

[}
gulrey
Agrzald 142 o I A7 F velZRedan B el Roslel, §/15& Resdr. 2o 57
P

=
TE AFFRYels FEAgoR Aol F FF vtavlgos HAxA7Is, wFAAT. Lokl e A
#f7HA AgazetE g (18 % n-dib "ol o] BNt EZHS Feldtal AXRAIA =34 AXEZH 9
(22.3 mg, 14.8%)F LA}

[0145] H-NMR (CDCls, 500 MHz) @ & 5.54 (1M, t, J = 7.3 Hz, ~CH(CH;)CH(OH), 4.48 — 4.41 (1H, m, ~OCHaHg
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CHN), 4.39 (1H, brs, —-CH(OH)), 4.28 (1H, dd, J = 17.6, 9.3 Hz, -OCHaHgCHN), 4.23 (1H, dd, J = 7.8,
2.9Hz, -OCH aHgCHN), 3.94 (1H, dq, J = 6.8, 2.9 Hz, -CH(CHs)CH(OH)-), 2.38 - 2.33 (1H, m, -CH(CHs)s),
2.10 - 2.01 (3H, m, —-CHaHgCH,(CHy)sCH3), 1.82 - 1.76 (1H, m, —CH aHpCH,(CH,)sCHs), 1.37 - 1.27 (6H, m,
—CH a HgCH,(CH,)sCHs), 1.17 (3H, d, J = 7.3Hz, -CH(CH;)CH(OH)-), 0.92 (3H, d, J = 6.8 Hz, -CH(CHs).),
0.90 (3H, d, J = 7.3 Hz, —CH(CHs);), 0.87 (3H, t, J = 5.8 Hz, —CH aHpCH,(CH;)sCH3) .

[0146] <AXd 7>

LIQH HoD

THEH, Q@)

[0147] - e

{0148] (28,38)-3-3to]| =EA|-2-E-4-WEH A=} =) oA|=9] A|=(10d)

[0149] Ao 2904 A" (S)-3-((25,35)-3-8lo| EFAl-2-HE-4-wE et} d)4-o| 2 Z 2 I SAIS 2 U -2-2 4d(
948 mg, 3.05 mmol)E H|EZSle|l=a{e ¢ B (27 ml : 27 ml)9] EFE 87, ARdA FHEIE=ES
AFO)=(256 mg, 6.10 mmol)E H7stsiv}. Aol 12412k ok mukste] wks-2 B AH . 7 oA H
Efstele2{Te AASI pl 77X FIA F WSETE Aol HO|EE Al {7]FS 2ElE)
gk, Beld §713& AFZRdels Feom MolE ¥, T4 Ak IFow AxA71a, BEAAG
dojxl oA =2 10d (647 mg, 106.1 9)E vl= vhg WG] H7AF T

{0150} "H-NMR (CDCl;, 500 MHz) : & 5.10 (1H, s, -C=CHaHB), 4.99 (1H, s, -C=CHaHB), 4.52 (1H, d, J = 3.4

Hz, -CH(CH;)CH-OH), 2.71 (1H, m, -CH(CH3)CH-OH), 2.02-1.93 (2H, m, -CH.CH,CH,CH,CH;), 1.48 (2H, m,
—~CH,CH,CHCHCHs), 1.31 (4H, m, -CH,CH.CH.CH,CHs), 1.14 (3H, d, J = 37.3 Hz, -CH(CH;)CH-OH), 0.90 (3H, t,
J = 6.8 Hz, —CHyCH,CH,CH,CHs) .

[0151] <A A)d 8>

£ e TBS QI

CH,Cly

[0152]

{6153} 2-(Q1EA-3-Y) ol 22 A =(11)

[0154] ofAE A= (41.5 ml)ol] &3] € 2-(3-UE)-<leE (1.2 g, 7.06 mmol)& L& el ol WA F &
FAolol R Rl =gto]= (2.2 g, 35.34 mmol)E HI7IEAT. €8 FERE w3 ARolA 3A1ZF FF uvke)
Aok, wEgeo] fdd AE Felstar, xpPdH o] AFvle]letRvle|E Fg s HUbsle] whgS AR Al Th
i ZRES T v, oo HE Eol #71%5S wEl s, BEd #715E AFFEHE 8
dog HolFE F, FF i on Az, FEAAT. Aol dAE Ayt AdamvieE e
9 ( n-Fak o "ol EHO|E = 10 : Dot E@E Rty dEAA =@ AAED 11 (432 mg 37.4 B
Ak

[0155] "H-NMR(CDCL3, 500 MHz) : & 7.10 (1H, d, J = 7.9 Hz), 7.06 (1H, dd, 7 = 7.9, 7.3 Hz), 6.76 (1H, dd, J =

7.6, 7.3 Hz), 6.68 (1H, d, J = 7.6 Hz), 3.74 - 3.55 (3H, m), 3.44 (1H, m), 3.28 (1H, dd, J = 8.6, 5.9
Hz), 3.10 (1H, brs), 2.09 (1H, m), 1.79 (1H, m)
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[0156] 3-C-(HE-FEuuaadld SADda)AEA 9] A=(12)

{0157} 2-(=H-3-2D)A 2 11 (365 mg, 2.23 mmol)S tlelFrad ke Jol F Wul A7l A8 xR A] o]H|t}
< (182.6 mg, 2.68 mmol)¥} E]Mz-RHvjelvddd F=de]= (404.2 mg, 2.68 mol )& A= H}pshsl
o}, AR2ellA A2 Fek wdk A7 & wkgeo] AR AL Bl C‘r S EFEC EH vhelFE = eke
Yol 9kg-& FXIAA F, f715S et EEe US4 Ea‘rOl': gdom Ao)FE &, FF

B o AEANL, BEADD. oId AAE LelAE APazELdn (0o oA
o= = 20 : 1) she] BAE RST AFAA wea AR 12 (570.5 ng, 92.8 HE 2T}

-

[0158] R (CDCls, 500 MHz) : & 7.10 (1H, d , J= 7.9 Hz), 7.06 (1H, dd, J = 7.9, 7.3 Hz), 6.76 (1H, dd, J

= 7.6, 7.3 Hz), 6.68 (1H, d, J = 7.6 Hz), 3.74 - 3.55 (3H, m), 3.44 (1H, m), 3.28 (1H, dd, J = 8.6,
5.9 Hz), 2.09 (1H, m), 1.79 (1H, m), 0.92 (9H, s, -Si—(CH3)>(CH3)3), 0.09 (6H, s, -Si—(CH3)»(CHs)s).

{0159} <)o 9>

A DME

iz — TR ':,:ng" DRTSAe O

DEHQ
Benzans
1 E: B Y nrs e H Egg"j{% TEAMeOH

[0160] ’

[0161] (25,39)-1-(3-(2-(H E-REHU A A3 A]) &) EH-1-Y)-3-5to| = FA|-2-Wd4-Hd A =d-1-22]  Ax
(13a)

[0162] 3-(2-(HE-ReEgugagLa)dE)elEel 12 (405 mg, 1.45 mmol) ,(2S, 3S)-3-3lo]|=FHA|-2-vd-4-w &
el o] Ax (438 mg, 2.18 mmol) X O-(7-olAHIRER o}E-1-9)-N,N,N° N -H E&HL-92+5 (832.4 ng,
2.18 mmol) & UWEZEolu= 20.0 mlel] £3\A]715, N N-tlo]iaZ 2P Eo}RI(0.17 ml, 1.0 mmol)S H7}
sirk. Aol A WA 75, ol AHIC|E R AV EF F8Ar FEA7I, FUIFE T el
Hgos dxA7la, w5217 F, AepyHa 2§ A=2etEad3] (-4 @ ddolAdHelE = 10 @ D= AA
el 22 513HE13a (404 mg, 60.2 DS LAAHE I},

{5163] "H-NMR (CDCls, 500 MHz) : & 8.22 (1H, d, J = 8.3 Hz, Ar-H), 7.22 (2H, m, Ar-H), 7.09 (1H, t, J = 7.3

Hz, Ar-H), 5.27 (1H, s, -C=CHaHB), 5.02 (1H, s, -C=CHaHB), 4.50 (1H, brs, HC-OH), 4.27 (1H, t, J =
6.35 Hz, -CHaHB-OTBS), 3.92 (1H, q, J = 5.86, 4.4 Hz, -CHaHB-OTBS), 3.87-3.76 (2H, m, -N-CH,), 3.56

- 3.53 (1H, m, -CO-CH(CHs;), 2.80 (1H, m, Ar-CH), 2.01 (2H, m, —CH,CH,-OTBS), 2.91 (1H, m, —-C=CH-CH aH
B-CHy), 1.82 (1H, m, -C=CH-CHaHB-CH,), 1.51 (2H, m, -CH;CHs), 1.34-1.32 (4H, m, -CH,CH,CH.CH3;), 1.21
(8H, d, J = 6.84 Hz, C=0-CH(CHs), 1.19 (3H, t, J = 7.33 Hz, CH)CHs;), 0.90 (9H, s, -Si—(CHs)»(CHs)3),
0.09 (6H, s, —Si-(CHs)»(CH3)3).
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[0164] (25,38)-3-3°| =5 A]-1-(3-(2-3to| =FA &) A EL-1-A)-2-H D4 A =F-1-2 9] A =(13b)
[e165] (25,39)-1-(3-(2- (Bl E-FEuuadd S Q)N E-1-L)-3-sle]| =5 A -2-HEd4-mE el ed-1-2 13a

(54.5 mg, 0.12 mmol)S HE=ZRI|Io|=aFgd (5 ml)ol £3] A7 T, HEZIo|=aFgdel] 1.0 M2 Zox )
E HEHREAR YR Z28)= (0.15 mDE 48 53 FHdAA Hrlsdn. Ao 223k T wwk g
T, dkgo] A" AE sl 9e EFFEe] vEgS Yol weS FX A7l F, dolxl FAE mi=m
A7t AdazetEadd ( n-dibo"olAdHolE = 1 @ Dot 25 298t AxAA 545838 13b
(39 mg, 95 DE LAAHE LA},

[0166] "H-NMR (CDCls, 500 MHz) : & 8.25 (1H, d, J = 8.3 Hz, Ar-H), 7.25 (2H, m, Ar-H), 7.08 (1H, t, J = 6.8

Hz, Ar-H), 5.27 (1H, s, —-C=CHaHB), 5.02 (1H, s, -C=CHaHB), 4.50 (1H, brs, HC-OH), 4.49 (2H, s, HC-
OH), 4.28 (1H, ¢, J = 6.35 Hz, -CHaHB-OH), 3.89 (1H, q, J = 5.86, 4.4 Hz, -CHaHB-OH), 3.83 - 3.82
(2H, m, -N-CH;), 3.79 (1H, brs, CH.CHOH), 3.63 - 3.59 (1H, m, -CO-CH(CH;), 2.78 (1H, m, Ar-CH), 2.06

(2H, m, -CH,CH,-OH), 1.88 (1H, m, -C=CH-CHaHB-CH;), 1.86 (1H, m, -C=CH-CHaHB-CH,), 1.50 (2H, m,
—CH»-CHs), 1.34-1.32 (4H, m, -CH.CH,CH,CHs), 1.21 (3H, d, J = 7.3 Hz, C=0-CH(CH3), 0.91 (3H, t, J = 6.84

Hz, CH,CHs).

[0167] (25,39)-1-(3-(2-(H E-RE g A ™ A &) Ed-1-2)-2-m d-4-mdA-1-2 A =3-3-U oA EH o] E 9]
A Z(14a)

[0168] dzadgoen = (25,35)-1-(3-(2-(HE-Fduddadd s A e)dEU-1-d)-3-35lo| =F A -2-w & -

4-wE drd-1-2 13a (357 mg, 0.77 mmol)el] &9 (0.34 ml, 3.

& A3 A7t sk, AdelAl 12A3F FoF wukeksl=dl, %%’%@ ] =5 gol o] 4-tholmdo}r] x5
e (1 eq) H7Vst A-2olA 2A13F v] wRksigivt. vb-go] A" 2 = AAg
H, dolAH | Ee} & HIsle /U5 BEE =g = AFF iﬂc’]‘: TEAo T HolFE
=, 39 Sinlodlge s AxA7|6L, FF5AIH Y. %017\‘_ IS AePtA AdAazeteEads (n - d4F
dEolAHeIE = 20 : Dste] EFS Eelsta AxAA 5488 E 14a (570.5 mg, 92.8 & LM H=E &
Ak,

OO

8 mmol)S H7F & F, oEHAs o=

{Cle%] "H-NMR (CDCls, 500 MHz) : & 8.11 (1H, d, J = 7.8 Hz, Ar-H), 7.10 (2H, m, Ar-H), 6.95 (1H, t, J = 7.3
Hz, Ar-H), 5.42 (1H, d, J = 8.3 Hz, -CHOCOCH3;), 5.04 (1H, s, -C=CHaHB), 4.84 (1H, s, -C=CHaHB),
4.14 (1H, t, J = 9.2 Hz, -CHaHB-OTBS), 3.76 — 3.68 (2H, m, -N-CH;), 3.69 (1H, t, J = 6.3Hz, CHaHB -
OTBS), 3.44 (1H, m, -CO-CH(CHs;), 2.94 (1H, m, Ar-CH), 2.01 (3H, s, CHOCOCH;), 1.96 (2H, m, —CH,CH,
OTBS), 1.66 (1H, m, -C=CH-CHaHB-CH;), 1.37 (1H, m, -C=CH-CHaHB-CHy), 1.17 (2H, m, -CH,CH;), 0.86
(4H, m, —CH;CH,CH,CHs), 0.85 (9H, s, —Si—(CHs),—(CHs)3), 0.85 (3H, d, J = 6.84 Hz, C=0-CH(CHs), 0.76 (3H,
t, J=7.33 Hz, CH,CHs), 0.01 (6H, s, -Si—(CH3)s(CHs)s).

{0170} (2S,39)-1-(3-(2-3o| =F A M)A EU-1-)-2- v D4 D A-1-§ 2 3-3-F oA Ho|E 9] A|3(14b)

[0171] (25,39)-1-(3-(2-(HE-FAuya gL S E)AE %—1—%‘)—2—111]% 4-v el -1-S e d-3- olAH o E
14a (64.4 mg, 0.12 mmol)-S WE& (3 ml)el] &3iA1Z] 5, Held F-SFA-HAZUo|EE &% Yol & F 4
2ol A 2AIZF Fok wWNkESITh, Whge] A A2 AT F, AR vuEes d¥ §{ ug Ay 49

AzvtEggs] (o - 4k dEolAHOlE = 1 0 DE] EHS BElsla dE:AA EHEEE 14b (21.3
mg, 42.8 S LAAMEHZ AT},

{0172} "H-NMR (CDCls, 500 MHz) @ & 8.23 (1H, d, J = 7.8 Hz, Ar-H), 7.21 (2H, m, Ar-H), 7.05 (1H, t, J = 7.3
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Hz, Ar-H), 5.55( 1H, d, J = 8.3 Hz, -CHOCOCHs;), 5.12 (1H, s, -C=CHaHB), 4.93 (1H, s, -C=CHaHB),
4.24 (2H, t, J = 9.2 Hz, -CH,CH,OH), 3.94 (2H, t, J = 9.2Hz, -CH,.CH,-OH), 3.80 (2H, d, J= 7.3 Hz, -N-
CHy), 3.57 (1H, m, -CO-CH(CHs), 3.04 (1H, t, J = 6.8 Hz, N-CH,CH-C;H,~OH), 2.09 (3H, s, CHOCOCHs), 1.56
(2H, m, -CH,CH,CH,CH,CH3), 1.45 (4H, m, -CH,CH,CH.CH.CHs), 1.26 (3H, m, CO(CH;)CH), 0.86 (3H, t, J =
6.3Hz, —CH,CH,CH,CH,CH;) .

[0173] (28,39)-1-(3-(2- (| E-REdugdAdH S A)) &) -1H- E-1-)-2-HE-4-HEd A-1-S4=3-3-g oA Ho|E
<] Az(15a)

{0174} (25,39)-1-(3-2-(HE-Fagyadad A EHdEH-1-d) 224 Ll - 1- S L d-3-d ol o] E
14a (344 mg, 0.68 mmol)E Al (7 mD)el &3f AVJ F, 2,3-tpe|FR2-5,6-vFo| ool -1, 4- M T
(778.2 mg, 3.42 mmol)& 7}t 60TCelA 12412 E<F wykebsd 7k-g-o] 91@% A #dslar, oo}
Al Ee B& Hrlete §71%5S s, 2Ed 715 AF ia}Ol dom HAojFE F, T
GampadlFo R AFZ:AT A, EFAFT. dolxl IxME A S éﬂ*ﬂiu}ilaﬂﬂ (n - i cdHolA]
HeolE =7 : D3t] E4S FEslal 1x2AA 54885 16a (85 mg, 24.8 & ddH = LU},

{6175} "H-NMR (CDCls, 500 MHz) : & 8.46 (1H, d, J = 8.3Hz, Ar-H), 7.72 — 7.70 (1H, m, Ar-H), 7.54 — 7.52 (2H,

m, Ar-H), 7.37-7.27 (1H, m, Ar-H), 5.66 (1H, d, J = 7.3Hz, -CHOCOCH3;), 5.12 (1H, s, -C=CHaHB), 4.93
(1H, s, -C=CHaHB), 3.92 (2H, m, -CH,-OIBS), 3.53 (1H, m, -CO-CH(CHs), 2.93 (2H, m, —CH,CH,-OTBS), 2.11
(3H, s, CHOCOCH3), 2.04 (2H, t, J = 7.8 Hz, -CH.CH,CH,CH.CHs), 1.43 (2H, m, -CH,CH,CH,CH,CHs;), 1.38 (3H,
d, J = 7.3 Hz, -CO-CH(CH;), 1.32 - 1.23 (4H, m, —CH,CH,CH,CH,CH;), 0.90 (9H, s, -Si—(CHs;),~(CHs);), 0.84
(8H, t, J = 7.3 Hz, —CH,CH;CH,CH,CH3), 0.04 (6H, d, J = 4.89 Hz, -Si-(CH;3),~(CHs)3).

[0176] (25,39)-1-(3-(2-3te| =F A &)-1H-AN E-1-¥)-2-W B4 H-1-5A4 = 3-3-A ofMH o] =] AHF(15b)

(0177] (25,38)-1-(3-(2-(F| =LA R S AN D) -1 E-1-9)-2- w4 el 1-Samd-3-9 obele]=
15a (88.3 mg, 0.17 mmol)& HER3sl]=aFT (5 ml)dl &3] A2 F, HERSo|=aFddd 1.0 M & 4
A e HElFEHAREYE T2gel= (1.76 nDE €5 & AHCdA 7 siglvh. deolA 241t 5
ik 5 Wkgo] ghA® AL Segivt. wg EE dEUE FRgol= FEALE Yol vgE FAAN
F, ol"okAH o] EE Yol f7]eS EEesitt. el /IS AFIET)E e HoE 5, ¥
%“hj}:m lo2 AxA7)5, F5AFE. 2ol JIAE de7bd dgazvtEads (n - SR ¢ dddolA
Hel= =1 : 1) st B2E Belsta d=:A1A S483E 15b (21.3 mg, 31.3 HE LLFH = I

d

[0178] "H-NMR (CDCls, 500 MHz) : & 8.47 (1H, d, J = 7.8 Hz, Ar-H), 7.55 (1H, d, J = 6.84 Hz, Ar-H), 7.38 (1H,

t, J=7.3 Hz, Ar-H), 7.37 (1H, s, Ar-H), 7.30(1H, t, J = 7.3 Hz, Ar-H), 5.60 (1H, d, J = 7.3 Hz,
-CHOAc), 5.11 (1H, s, -C=CHaHB), 4.94 (1H, s, -C=CHaHB), 3.96 (2H, t, J = 6.35 Hz, -CH,-OIBS), 3.76

- 3.68 (2H, m, -N-CHy), 3.69 (1H, t, J = 6.3 Hz, -CHaHBOH), 3.56 (1H, m, -CO-CH(CHs), 2.99 (2H, m,
CH,CH;OH), 2.09 (3H, s, CHOCOCHs), 2.05 (2H, s, CH,CH;CH,CH,CHsz), 1.42 - 1.52 (6H, m, CH,CH,CH.CH.CHs),
0.85 (3H, m, —CHyCHs).
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[0179] <A Ao 10>

[0180]

[0181] (28,39)-1-(3-(2-(H E-REdrgaAdd & A)) dgd)-1H-¢ E-1-Y)-3-slo| =FA| 2-H e 4-Md A = F-1-29] A
Z(16a)

o182} (25,35)-1-(3-(2- (| E- e A Aol e ) EH-1-Y)-3-3lo| =FA -2-vEH 4w el = d-1-& 13a
(156 mg, 0.31 mmol)E W=l (30 ml)el] €3] A7 F, 2, 3-t}o|F==-5 6-t}o]Rololw-1,4 tﬂ}. = (352.8
mg, 1.55 mmol)S H7}ste] 60ToAl 12412k F<F mukslgivt. 9h-So] fAdd RS Felsta, od OMIE o=
¢ B Hrbste R/ wHetnt. 28 71T AFF RO FEAoR RQoE F, FF vt
HI*OE AzxA17] AR, Lolxl {M}% A7t Adaentegy] (n - A dEolAHlo)lE =

DD 52 3 AZEAA EAEEE 16a (102 mg, 73.9 9E LAANHE IAT).

=
o
=

el

(=}
w7
al,
[e)
=

2 mLo

{0183] "NMR  (CDCLs, 500 MHz) : & 8.48 (1H, d, J = 8.3 Hz, Ar-H), 7.55 (1H, d, J = 7.8Hz, Ar-H), 7.38 (1H,
t, J=8.31 Hz, Ar-H), 7.33 (1H, s, Ar-H), 7.3 (1H, t, J = 6.35 Hz, Ar-H), 5.28 (1H, s, -C=CHaHB),
5.04 (1H, s, -C=CHaHB), 4.62 (1H, s, -OH), 3.93 (2H, t, J = 6.35 Hz, —CH,~OTBS), 3.66 (1H, m, —HC-
OH), 3.31 - 3.27 (1H, m, —CO-CH(CHs)), 2.94 (1H, t, J = 6.84 Hz, -CHaHB-OIBS), 2.93 (1H, q, J = 6.35
Hz, -CHaHB-OIBS), 2.07 (1H, m, —-C=CH-CHaHB-CH,), 1.97 (1H, m, —C=CH-CHaHB-CH)), 1.50 (2H, m,
—CH,CH,CH,CH,CHs), 1.35 (3H, s, —CO-CH(CH3)), 1.34 (4H, m, —CH,CH,CH,CH,CH;), 0.89 (9H, s, —-Si—(CHz)s
(CH)3), 0.03 (6H, s, —Si—(CHs)y—(CHs)3).

[0184] (28,39)-3-81 o] BB AI-1-(3-(2-3 S| = A o &)~ 1H- 21 H-1-2)-2- W D4 P A3k 1-2.9] A|2(16b)
(0185 (25,39)-1-(3-(2- (B E- P LT DAL S A D) 11 E-1-2)-3 o] 254 2 W4 W Deled-1-2 16a

(9.9 ms, 0.02 mol)& PGL (2nD)) AN F, AW I FFA URMIRE L ol F F Fo]
A 2A1zE Bob mulEgth. Wge] SAd AL FHAF F, Az MEes 2w 5 e Aelsd Agas
mpEseE (- 4k c o ol”oldHelE = 1 1ate] BEE Releln 124 =2AsEE 16b (6.9 ng,

94.5 1)E LLGH=E AU

He H‘U

{0186} "H-NMR (CDCls, 500 MHz) : & 8.49 (1H, d, J = 8.3 Hz, Ar-H), 7.57 (1H, d, J = 7.8 Hz, Ar-H), 7.41 -
7.31 (3H, m, Ar-H), 5.27 (1H, s, -C=CHaHB), 5.04 (1H, s, -C=CHaHB), 4.61 (1H, s, C=OCH(CHs)CH-OH),
3.98 (2H, t, J = 5.8 Hz, -CH,-OTBS), 3.51 (1H, brs, CH-OH), 3.34 - 3.29 (1H, m, C=OCH(CHs), 3.00 (2H,
t, = 6.3 Hz, -CH,CH,-OTBS), 2.12 - 2.06 (1H, m, -C=CHaHB), 2.00 - 1.94 (1H, m, -C=CHaHB), 1.60
(1H, brs, CH,CH,~OH), 1.55 - 1.47 (2H, m, —CH,CH,CH,CH,CH;), 1.36 (3H, d, J = 1.46 Hz, -CO-CH(CHz)), 1.35
- 1.31 (4H, m, —CH,CH,CH,CH.CH;), 0.90 (3H, t, J = 5.8 Hz, CH,CHs).
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[0187] (2R, 39)-1-(3-(2-(H E-FEUud4ddSA) ) A EI-1-L)-2- v D-4-m D A >=h-3-2-9] A =(17a)
{o188] (28,39)-1-(3-(2-(HE-FEUredd S ) ) A ED-1-2)-3-de| =E5A -2 4-rd el - 1-2 13a

2
2

o -1-
(250 mg, 0.54 mmol)E HIEZSslo|=mFg (15 ml)ol] €3] 2171 F, HEZSo|=25Fgo M= o RA=
Rg-theold Asel= (0.5 mD)E ‘é%gi Wl Al AdE A ekl B8 FEelA 2A1ZF B b
st whgo] fAY AL A H e (1 mD)S 2ol 3A2F B9k © wmylks|Ev). J%’%%% =
olgste] Edl F, ulx HEyHA %:I_E*EEU}E:LEM (n - 3%k dEeAEHIE = 15 ¢ Dot E2S 2
etal AZA|A X EEE 17a (178 mg, 73.4 S L= I},
[0189] "H-NMR (CDCls, 500 MHz) & 7.07 (2H, t, J = 7.8 Hz, Ar-H), 6.66 (1H, t, J = 7.3 Hz, Ar-H), 6.53 (1M, t,

J = 6.8 Hz, Ar-H), 5.08 (1H, s, -C=CHaHB), 4.95 (1H, s, -C=CHaHB), 4.25 (1H, d, J = 8.3 Hz,
—-CH(CH;)CH-OH), 3.75 (2H, d, J = 5.86 Hz, N-CHp), 3.64 - 3.54 (1H, m, CH)CH,-OTBS), 3.34 (1H, brs,

-OH), 3.29 (1H, q, J = 8.3 Hz, N-CH,CH), 3.16 - 3.07 (1H, m, N-CHaHB-CH(CH3), 3.08 - 2.98 (1H, m, N-
CHaHB-CH(CHs), 2.84 (1H, m, CH,CH(CH3), 2.05 (2H, q, J = 7.8 Hz, CH,CH,-OTBS), 1.94 (2H, t, J = 7.3Hz,
=C-CHy), 1.78 (2H, m, -CH,CH,CH,CH,CH3), 1.47 (2H, m, -CH,CH,CH,CH.CHs;), 1.30 (2H, m, —CH,CH,CH,CH.CHs),
0.92 (3H, d, J = 7.3 Hz, CHCH(CHs)), 0.92 (9H, s, -Si-(CHs),—(CHs);), 0.89 (3H, t, J = 6.8 Hz,
—CH,CH,CH,CH,CH3), 0.09 (6H, s, —Si—(CHs)»~(CHs)s).

{0190} (2R, 38)-1-(3-(2-3}o]| =F Al &) EH-1-Y)-2-HE4- & A = F-3-2¢] A =(17b)

[0191] (2R,3S)-1-(3-(2-(dHE-Feyuedadsr)de)dEd-1-¢d)-2-ve4-eddlxd-3-2 17a (31 mg, 0.06
mmol )= WEE (1.3 ml)oll 83A1] §, Fd I-EFA- AT EE L do] & F A2 3417 Tt
wRksksiY, ®Rhgo] oA # 7/3% gl 3 &, AE duess 3 5 vE deyhd AgasEetE gy (
n - A2k dEolAHOlE = 1 @ 1DEY EFS BElsta HAzAA 533EE 17b (18.4 mg, 79.8 HE oY
e 2 Aot

[0192]) lH*NMR (CDCls, 500 MHz) : &7.09 (2H, m, Ar-H), 6.70 (1H, t, J = 7.3Hz, Ar-H), 6.59 (1H, d, J = 7.8 Hz,

Ar-H), 5.09 (1H, s, -C=CHaHB), 4.96 (1H, s, -C=CHaHB), 4.23 (1H, d, J = 7.3 Hz, CH(CH;)CH-OH), 3.77
- 3.71 (2H,m, N -CH,CH(CHs)), 3.58 (1H, t, J = 8.3 Hz, N-CHaHB-CH(CH3)), 3.52 (1H, t, J = 8.8 Hz, N-
CHaHB-CH(CH;)), 3.40 (1H, q, J = 7.3 Hz, N-CH,CH), 3.20 (2H, m, N-CH;), 2.92 (1H, m, N-CH,CH(CHs),
2.05 (2H, m, CH)CH,-OH), 1.83 (2H, m, =C-CH,CH,CH.CH,CH;), 1.47 (2H, m, -CH,CH.CH,CH,CHs), 1.31 (4H, m,
—CH,CH,CH,CH,CHs), 0.91 (3H, s, —CH,CH(CH;), 0.89 (3H, t, J = 7.3 Hz, —CH;CH;CH,CH;CHs).

[6193] (2R,39)-1-(3-(2-(H E-REvd A LA &)-1H-21E-1-F)-2- &4 A = F-3-8-9] A Z(18a)

[0194] (2R,39)1-(3-(2- (HE- LA Ao ) EA 1) 2 vE 4 vLeld-3-& 172 (87.8 ng, 0.19
mmol )E WAl (18 ml)e] &3] A1 F, 2,3-yo|F2=2-5 6-tfo|Ro]ole-1,4-WZEF= (89.43 mg, 0.39
mol )& A7keke] 60TS)A 12412 W, whgel fAE A e, odolaHel=s} B A
Al {715 Belsgth. Red §7158 aFZEgels f8dom MolE F, T4 BAbMGoR
Kl

Bk
[=]
o a7
%Mﬁq el

7
Al

AFA 75, & Abe AEstd AdazEetEads (n - 4k d"olAHelE = 20 1 1)
3} %%’% Raela AxAA Z233E 18a (32 mg, 36.6 1) E LUAMNEHE AT},
[0195] "H-NMR (CDCl,, 500 MHz) : 67.59 (1H, d, J = 7.8 Hz, Ar-H), 7.34 (10, d, J = 7.3 Hz, Ar-H), 7.18 (1I,

t, J=8.3 Hz, Ar-H), 7.08 (1H, t, J = 7.8 Hz, Ar-H), 6.97 (1H, s, Ar-H), 5.05 (1H, s, -C=CHaHB),
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4.92 (1H, s, -C=CHaHB), 4.21 (1H, q, J = 8.3 Hz, N-CHaHBCH(CH3)), 3.99 (1H, q, J = 8.3 Hz, N-CHaH
BCH(CH)), 3.86 (2H, t, J = 7.3 Hz, CHCH,-OTBS), 3.83 (1H, d, J = 6.3 Hz, CH(CH3)CH-OH), 2.98 (2H, t,
J = 7.3 Hz, CH,CH,-OTBS), 2.26 (1H, m, CH,CH(CHs)), 1.87 (1H, m, =C-CHaHBC,Hy,), 1.77 (1H, m, =C-CHaH
BCH;,), 1.30 - 1.16 (6H, m, —CH,CH.CH.CH.CHs), 0.90 (9H, s, -Si—(CHs),—(CHs)s)), 0.84 (3H, s, CH,CH(CHs),
0.83 (3H, t, J = 7.3Hz, —CH,CH,CH,CH,CH3), 0.04 (6H, s, —Si—(CH3),—(CHs3)3)).

[0196] (2R, 3S)-1-(3-(2-3°o| == A &)-1H- E-1-Y)-2-M & -4-H D A = F-3-2-9] | =(18b)

[6197] (2R,39)-1-(3-(2-(HE-FEryadad ] e)-1H-¢15-1-¥)-2-WE-4-vEdd>F-3-2  18a (35.2 ng,
0.08 mmol)& HIERIo|maFet (4 ml)o €3] A7 F, HEZSo|maFded 1.0 M2 Z949 = gy
ol g Zrge=E A5 3 AHAA HIrenh. Al 2412 Tk wmyk 3§ wkSe] kAR A
S s, vhg EFE dEUR FEYO|E FEAE Yol WS FAAN F, ALolAH | EE @

#7154 BT, Bel@ 57154 2FFRdels FEdon HoF F, T v UFo R A4
2, SHAR. QoI BNE elAd dgamcimadsl (n - S SiEebEels - 1 sl 21
©_

{0198} IR (CDClz, 500 MHz) : &7.62 (1H, d, J = 7.8Hz, Ar-H), 7.38 (1H, d, J = 8.3 Hz, Ar-H), 7.22 (1H, t,

J=8.3Hz, Ar-H), 7.11 (IH, t, J = 7.8 Hz, Ar-H), 7.04 (1H, s, Ar-H), 5.07 (1H, s, -C=CHaHB), 4.94
(1H, s, -C=CHaHB), 4.23 (1H, q, J = 8.3 Hz, N-CHaHBCH(CH;)), 4.02 (1H, g, J = 7.3Hz, N-CHaHB

CH(CHs)), 3.90 (2H, t, J = 6.3 Hz, CH.CH,-OH), 3.83 (1H, s, —CH,CH(CH;)CH-OH), 3.04 (2H, t, J = 6.3 Hz,
CH,CH,-OH), 2.31 - 2.26 (1H, m, —CH,CH(CHs)), 1.90 (1H, m, =C-CHaHBCH,), 1.76 (1H, m, =C-CHaHB
CHy;), 1.60 (1H, brs, -CH(CHs;)CH-OH), 1.30 - 1.17 (6H, m, -CH,CH,CH,CH,CHs), 0.857 (3H, s, CH,CH(CHs),
0.84 (3H, s, —CHyCH,CH,CH,CH5) .

[0199] A 1. IL-6 "i/HA luciferase A3)2A
[0200] <1-1> FFAA A=
[0201] 96 W Zelo]=o] 5x10° A1¥/WE HepG2 AlFL(ATCC HB-8065)E 8 ¥, 10% FBS(v/v), 60.0 mg/ ¢ 7hiiul

=
£
o]Al Aol E(kanamycin sulfate; Gibco., USA) % 2.0 g/ WAV EF(NaHCO;; Sigma, USA)o] E3+g
DMEM w®i<F wiX]E A}gete], 37TCeA 5% €0,°] ZHom  wikiAlel 80% ZF5E(confluent) uwiZbA]

kst o)F HEdAd wiXx] 50 wb=® wEEaL, 0.1 ug pSTAT3-TA-Luc (Clontech, CA)¢F 0.3 pb ] ZH e}l
Alek(lipofectamin reagent; Invitrogen, USA)9] &3tal-& z} o] H7lsle] 3AIRF whg-A|xd o &4 pSTAT3-TA-
LucE FAAAAZAL, M2 Axg 200 pb DMEM ¥iF wiR] = vpFto] F7l= 24412 v sk sivt.

[0202] <1-2> IL-6 R IL-11 ¥-34 STAT3 #|¥¥ F&z A

{0203] A7) EARAE AEE 1% BSA/DMEMe = F& vl (serum starvation)star A|2E sl7]et o] 1A13F 2 &3
Z 10 ng/ml IL-6(R&D system, USA)E H7}sled 3413k ZoF wjdetsivt.

{6204} 10 SAYERF(A e T);

[0205] 2: G oEF(IL-6 10 ng/ml);

[0206] 3: 3I¥EE (0.3, 1, 3, 10, 30, 100 uM); 2

[0207] 4: Madindoline (0.3, 1, 3, 10, 30, 100 uM

[0208] A7) ek MY E PBSE A HslaL 50 W 83 dEF8N(luciferase assay system, promega, USA)S ¥il 18
ZF wwkgl & 30-100 pee] FA)H A 7] (luciferase assay system, promega, USA)S @ WAAGZE Fn|
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1) e (luminometer; EG&G BERTHOLD, USA)= 58 <lol] &A 3310},
{0209] zt stg=EEe] IL-6 X% FAIEZA AfEd a3 1C w2 = 13 2o IgE 4d = sxoEde=
IL-11 f%= FAHeRA A 24E = 29 o] yrpler 2 10, #& 2.1 mMe] A},

[0210 <1-3> IL-69] 9J3] H=% STAT3 ¢14+s gy #A

[0211] 6 W Felolsol] 5x10° AX/AR Hep62 A¥E BFate] wlFzIAl s0% /F5AA wiFd ¥, $EA A=
gate] Sk 6A17F wldstal shrlek 3ol AlRE 30%7F AEEsivh.

[0212] 10 gAUET (AT

[0213] 20 A ANEF(IL-6 20 ng/md): 2

[0214] 30 3 4d MeE(1, 3, 0.39, 10, 30 2 100 uM)

[0215] °]%F 20 ng/ml IL-6Z A&lste] 1083F wh-33F 5 40 w0 83 8 U[pH 8, 20 mM Tris-HCl, 137 mM NaCl,

10% glycerol, 1% Triton X-100, 1 mM NasVO,, 2 mM EDTA, 1 mM PMSF, 20 mM F31®(leupeptin), 20 wg/ml °}

2% (aprotonin); Sigma, USA]S Al&ste] AEE 882171 3, L8] (13000g, 158 )5t dulzoe] =
olle= Asds 5. oluf, Alm H IL-6& MR &S HepG2 AXE T o=m AREsHsnt. o
WAl Fxi= DC @A HAL 71E(Bio-Rad, USAE o]&sle] AFslgiar, 10% SDS iﬂo}ﬂao}ﬂ]—c’] =
(SDS-PAGE) el T -5 =ddate] 30 mAelA 2413F 2tk A719%F shsivh. Z4710%?‘—01 e F Al 9uds
PVDF ®lB <l (Westran S, pore size 0.2 mm; Whatman, USA)2. & 90 VoA 908 E<F HAAMAIHAY. HAALE =1
BHSIS Tris—=2N(T-TBS; 50 mM Tri-HCl, pH 7.6, 150 mM NaCl, 0.2 % Tween—20, 5% skim milk; Sigma,
USA)e g 4TCelA 124]%F stz T-TBS= 59 A& st} A7 wlrg<le] Lx}3AZ phospho-
STAT3(1:1000 3]4)e] thFZE A E 2412 Tk Agsticet. T-TBS® 59 A& F oA s HRP-AF -
ZHl A (1:5000 34)E 1A17F J-SAIFH Y. T-TBS® A3 3k t}-g 9b2leA ECL 71E(Amersham, USA)E o] &
ste]l EES dAIFH T

[0216] 7 Add, 3o vehd wke) o] & e} ek 1 Sk IL-6 % STATS A4ksl As] 244 vehd
Art.

[02173 <1-4> IL-69 93] F=EJAK2¢} gp130 I4Hs} A EA

[0218] 6 W Fulol=o] 5x10° AE/AR HepG2 AEE BFte] wFriAldl 806 75AA I T, FEY A=
aghste] Sk 6213 widatar ab7)st el AlmE 30i3E Aelssiv).

(02191 1 SAuET(MAET);

[02201 2: AAYPEF(IL-6 20 ng/ml); =

[0221] 31 SheE 4d A(1, 3, 0.39, 10, 30 Z 100 ulD

{02221 °]F 20 ng/mb 1L-68 Aelste] 1083 W33 5] 40 o B3] AZLA[pH 8, 20 mM Tris-HCI, 137 mM NaCl,

10% glycerol, 1% Triton X-100, 1 mM NasVO,, 2 mM EDTA, 1 mM PMSF, 20 mM F#1®¥l(leupeptin), 20 wxg/mé o}
Z2E(aprotonin); Sigma, USAIE AM&stel AMEE S3iA1Z] F, A& (13000g, 15&)8e] dulde] =
olgl ALl FEFgrt. o) d-JAK2 A anti-gpl303A|(Cell signaling, INC.)ZS ARE38la] 4T
A 12413 WHEA17] & protein A/G plus agarose (Santa Cruz Biotechnology, USA)=E ZZAA|FHtl., A&
T JHELE @F8Ne® 33 AFH F HAUIEdT AlER ARREET. o] W IL-6 B AIRE AHEeA] &2
HepG2 AEE tixFo =z Algstgr). dulde] =% = Bio—Rad DC protein assay kitZE ©]-&3l] Aaksts)ar
8 % SDS-polyacryl-amide gels (SDS-PAGE)olA Tl &S loadingdle] 30 mAolAl 2A)13HE<r A7|dE sk},
719 Fe] B3 3 gelo 99 ZA-S PVDF membrane (WeatranS, pore size 0.2 mm) o & 90VeA] 908 &<k AL
A3}, AALE membranes Tris-buffered solution (T-TBS; 50 mM Tri-HCl, pH 7.6, 150 mM NaCl, 0.2 %
Tween—-20, 5% skim milk)®E 4Co)A 12A]%F blockingd}az T-TBSE 5 A% &}F ). ©] membranesel] Lx}3bA] =
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phospho-tyrosine antibody (1:1000 dilutions, respectively)®] polyclonal antibodiesE 2A]%F F<F *]]3s}
fr). T-TBS= 59 A2 F ©]A3A 2 HRP-conjucated anti-mouse antibody (1:5000 dilutions)& 1A13F kg
ARG T-IBSE AlH T thg falolA ECLES o] &ste] A5 Az, 2 d3, = 4004 vephd nps} 7
o] B wro] shetal 1 3322 IL-6 F JAK2 2 gpl1302] ¢1aksk As] &4 veh) sl

| et aSon Eaksiel
Aelg Ax aela ZspEiRlel IL-69F ek 18 3 Eele] AEldk AEE vt dPeliv. 8dF
A EE PBS®E A3 3sFaL PBSOl 3.7% formaldehyde?} H7lgl fMom 314AS A7l 5 0il Red 0 dyeE =3}
1 A1ZHEk M-S hvh. 1@]al 25 % isopropanolS FH7lsle] AFHsla dAw|Fd ez F;ESGIcr. 1 A,

[0223] <1-5> Insulin®] 93] =% adipogenesis®] g 3FE 4d¢] &3}

{02241 3T3L1 AXEE 24 A AMXE wjd Z#o)Ee] confluencedstAdl H7] o]E o] EZujA|(containing 5mg/ml
insulin, 1mM dexamethasone, and 0.5 mM IBMX)® u}Ho]F3 8 %<l 2d¢) 3 A Blujx]= nlyto]Fd
A AFEE sk, olul Rekg wixE AMESER] @AY Eshulx]e] IL-6 Y 8&2]

59 vehd wie} o], B o] glehal 19] FE-L JdEH-FX% ol LA WAl 2 (adipogenesis)E A 33}
IL-6 &35 3|53t 245 vl

0 oma
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PURPOSE: A pharmaceutical compesition containing novel oxazolidine and indals
compound, or pharmacsutically accepiable salt is provided o suppress IL-8 or HiL-11
signal transduction system and (o be usad as an anticancer ageni and anti-
inflammatory agent. CONSTITUTION: An indole compound s denoted by chemical
formula 1. A pharmaceutical composition for preventing and treating inflammatory
diseases or cancer contains 0.0001-10 wsight% of indole compound of chemical
formula 1 or pharmaceautically accapiable sall. The composition is manufactured in the
formulation of powders, granules, tablels, capsules, suspensions, emulsions, syrups,
supposiory, and excipisnt, The pharmaceutical composition is adminisierad by oral,
ractal or venous, muscudar, subcutansous, or intracersbroventricular injection.
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Notice

This translation is machine—generated. It cannot be guaranteed that it is intelligible,

accurate, complete, reliable or fit for specific purposes. Critical decisions, such as
commercially relevant or financial decisions, should not be based on machine—
translation output.

DESCRIPTION KR20110047179

TECHNICAL FIELD The present invention relates to a novel oxazolidine—based
compound and an indole—based compound, a process for preparing the same, and a
pharmaceutical composition containing the same.

[0001]

The present invention relates to novel anti—inflammatory and anticancer agents
containing synthetic compounds, oxazolidine—based compounds and indole—based
compounds, a method for their synthesis, or a pharmaceutically acceptable salt thereof
as an active ingredient.

[0002]

Interleukin—6 (IL-6) is a cytokine, also called B cell stimulating factor 2 (BSF2) or
interferon beta?2 (INF-beta?2).

ILL-6 has been found as a differentiator involved in the activation of B lymphocytes
(Hirano, T. et al., Nature (1986) 324, 73-76). It has since been shown to be a
multifunctional cytokine that affects various cell functions (Akira, S. et al., Adv. In
Immunology (1993) 54, 1-78). IL-6 transports its biological activity via two types of
proteins on the cell membrane. One is the IL—-6 receptor, a protein that IL—6 binds. The
ILL-6 receptor is a membrane—bound protein with a molecular weight of approximately
80 kD that is expressed through the cell membrane. And the other is a membrane
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protein gp130 having a molecular weight of about 130 kD, which belongs to the signal
transduction of non—-ligand binding. IL-6 and IL—6 receptors form an IL-6 / IL-6
receptor complex, which in turn binds to gp130. (Taga et al., J. Exp. Med. (1987) 166,
967). After binding of ligands and receptors, Janus Kinases 2 (JAK2) is activated in the
cells by transphosphorylation. Activated JAKZ phosphorylates several tyrosine residues
of the cytoplasmic domains and this translates into STATS3 signal transducers and
activators of transcription with SH2 or other phosphorylated tyrosine binding motifs 3),
which serves as a docking site for proteins in the cytoplasm. STAT3 bound to the
cytoplasmic domain of the receptor is phosphorylated by JAKZ and then released from
the receptor. The activated STAT3 binds to each other in the cytoplasm to form a
homo— or hetero—dimer, enters the nucleus, binds to the recognition sequence of the
target gene, and increases transcription ( Levy, DE, et al., Nat Rev Mol Cell Biol, 2002,
3, 651-62, Darnell, JE, Jr., Science, 1997, 277, 1630-1635).

[0003]

Such IL-6—-mediated signaling pathways have been reported to be associated with
inflammatory diseases and various cancers, and thus inhibition of the IL-6—mediated
signaling pathway is therapeutically useful. Currently, anti—IL.—6 R antibodies are the
most studied for inhibitory function of IL—-6 signal transduction system. This anti—1.—6
R antibody has been reported to inhibit synovial cell growth against rheumatoid arthritis
(International Patent Publication No. 98/11020), and has been shown to be effective in
the treatment of proliferative diseases such as transgene hypermethylation,
hyperimmunoglobulinemia, anemia, nephritis, cachexia, rheumatoid arthritis, (See WO
96/12503), in the treatment of diseases that contribute to IL.—6 products such as cattle
disease, cattle disease, and angina pectoris. It has also been described in the
prophylactic / protective agent for susceptible T cell related diseases such as multiple
sclerosis, uveitis, chronic thyroiditis, delayed hypersensitivity, contact dermatitis and
atopic dermatitis (WO 98/42377) (International Patent Publication No. 98/42377). In
addition, in a report describing a therapeutic agent for Crohn's disease (International
Patent Publication No. 99/47170), its active ingredient was an anti—IL.—6R antibody.
Patents describing therapeutic agents for pancreatitis have also been reported as active
ingredients (WO 00/10607) and in International Patent Publication No. 02/3492, which
describes a therapeutic agent for psoriasis, the active ingredient is anti—IL-6R Lt; / RTI
& gt; In addition, in WO 02/080969, which describes a therapeutic agent for
inflammatory idiopathic atrophy, its active ingredient is an anti—IL—6R antibody.
However, these proteins may have epitopes that can be recognized as foreign proteins
and may still be immunogenic when used as therapeutic agents. However, small
molecule compounds that are not proteins have not been recognized by these immune
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systems, and many studies have been made.

[0004]

In addition, the I.-6 signaling pathway associated with cancer is much related to its
intermediate mediator, STATS3. It has been reported to be involved in various types of
cancer, including myeloma, breast, prostate, brain, head and neck carcinoma, melanoma,
leukemia and lymphoma, especially chronic myelogenous leukemia and multiple myeloma
(Niu et al., Cancer Res. , 1999, 59, 5059-5063). Cells derived from both mouse and
human prostate cancer have been found to have structurally activated STATS3, and
STAT3 has been shown to have some acute leukemia (Gouilleux—Gruart, V. Back, Leuk.
Lymphoma, 1997, 28, 83-88) and T cell lymphoma (Yu, C.L. Et al., J. Immunol., 1997,
159, 5206-5210). Interestingly, STATS3 has been shown to be structurally
phosphorylated on serine residues in chronic lymphocytic leukemia (Frank, D. A., et al.,
J. Clin. Invest., 1997,100, 3140-3148). STATS has been found to be structurally active
in myeloma tumor cells, both in bone marrow mononuclear cells and in cultures from
patients with multiple myeloma. These cells are resistant to Fas—mediated cell death
and express high levels of Bel-xL. STATS3 signaling has been shown to be essential for
the survival of myeloma tumor cells by conferring resistance to apoptosis (Catlett—
Falcone, R. Immunity, 1999, 10, 105-115). In recent years, IL-6 is secreted and IL-6

1s eliminated ideally in cancer patients induced by Ras, including pancreatic cancer. In
addition, tumor growth and angiogenesis caused by Ras are suppressed and tumor size
is reduced (Brooke Ancrile et al., Gene & Development, 2007, 21, 1714-1719). In
addition, IL-6-induced gp130 / JAK / STAT3 pathway is emerging as a new target for
chemotherapy, as STATS3 is activated by IL-6 overexpression in EGFR mutated lung

adenocarcinoma (Sizhi Paul Gao et al., J. Clin.

Invest. 2007, 117, 38463856).

[0005]

Interleukin—11 (Il.-11), an inflammatory cytokine belonging to the II.—6 family, has
almost the same signal transduction system as [L—6. Its expression is increased in
hematopoiesis, (Jackson CB et al. J Pathol 2007, 213, 140-151). Recently, it has been
reported that IL—11 binds to its receptor, ILL-11R.alpha., And gp130 to promote gastric
cancer, colon cancer cell proliferation and cancer invasion (Nakayama T et al., 2007, 30,

19-07-2018 3

Ex. 2001 - Page116



825-833, Ernst et al. Have shown that the smad7 is activated by the II.-11 / Stat3
signal and the smad activator that induces the TGFP signal is blocked at the same time.
Therefore, the oncogenic program (antiapoptotic gene, proangiogenic gene, proliferative
gene) has been activated to induce inflammatory gastric tumors (Ernst et al., J. Clin.
Invest 2008, 118 (5), 1728—-1738). Therefore, the gp130 / JAK / STAT3 pathway by

II.-11 is emerging as a new target for chemotherapy.

[0006]

Thus, the present inventors have searched IL—6 and ILL.-11-induced inhibitors of the
signal transduction system from organic synthesis samples and found that the newly
synthesized oxazolidine—based and indole—based compounds inhibit ILL-6 and IL-11
And thus it is useful as an agent for the treatment of inflammatory diseases and cancer,

thereby completing the present invention.

One object of the present invention is to provide a novel oxazolidine—based, indole—
based compound, or a pharmaceutically acceptable salt thereof.

It is another object of the present invention to provide a pharmaceutical composition for
the prophylaxis and treatment of inflammatory diseases or cancer, which comprises the

novel compound or a pharmaceutically acceptable salt thereof.

Hereinafter, the present invention will be described in detail. In one aspect, the present
invention relates to an oxazolidine—based compound represented by the following
general formula (1): or a pharmaceutically acceptable salt thereof. Wherein R & 1t; 1 &
gt; is hydrogen or straight chain, branched chain or cycloalkyl of C1-10, or substituted
or unsubstituted benzyl; R2 is hydrogen, or straight chain, branched or cycloalkyl of
C1-10; R3 is hydrogen, or straight chain, branched chain or cycloalkyl of C1-10, or
substituted or unsubstituted benzyl; R4 is hydrogen, or a straight chain, branched chain
or cycloalkyl of C1-10, or substituted or unsubstituted benzyl, or R3 and R4 together
form cyclohexene. More preferably, R1 is isopropyl or benzyl; R2 is C1-5 straight
chain, branched or cycloalkyl; R3 is hydrogen; And R4 is C1, C4-7 alkyl, isopropyl, or
benzyl, or R3 and R4 together form cyclohexene. Preferred examples of the compound
of the formula (1) of the present invention are as follows: 1) (S) =3 - ((2S, 3S) -3-
hydroxy-2,4—dimethylpent— 4-isopropyloxazolidin—-2-one (4a), 2) (S) -3 - ((2S,

3S) —3-hydroxy— (4S) -3 - ((2S, 3S) -3-hydroxy—-2-methyl-4-

methyleneoctanoyl) —4—isopropyloxazoli (4S) —3-hydroxy—2-methyl-4—
methylenenanoyl) —4—isopropyloxazolidin—2 —one (4d), 5) (S) -3 — ((2S, 3S) -3-
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Hydroxy—-2- methyl-4-methylenedecanoyl) —4- isopropyloxazolidin— Methyl-4-
methylene undecanoyl) —4-isopropyloxazolidin—-2-one (4f), 7 (7S) -3—-hydroxy— (4
g), 8 & 1t; RTIID = 0.0 & gt; (3—hydroxy— ) (S) -3 - ((2S, 3S) —3-cyclohexenyl-
3-hydroxy—-2-methylpropanoyl) —4— 2-one (4h), 9) (R) -3 - ((2R, 3R) —-3-
hydroxy—-2- methyl-4-methylenonanoyl) —4-isopropyloxazoli Methyl-4-
methylenonanoyl) oxazolidin—2-one (5), 10) Methyl-4-methylenonanoyl) oxazolidin—
2-one (7b), 11) (S) , And 12) (S) -3 = ((2S, 3R) —3-hydroxy—-2-methylnonanoyl) -

4-isopropyloxazolidin—2-one (9).

Compounds R1R442'3'4aCH (CH3) 2CH3SSS4bCH (CH3) 2CH (CH3) 25SS4cCH (CH3)
2C4H9SSS4dCH (CH3) 2C5H11SSS4eCH (CH3) 2C6H13SSS4fCH (CH3)
2C7TH158SS4gCH (CH3) 2benzylSSS4hCH (CH3) 21-CyclohexeneSSS5CH )
2RR7abenzylC5H11SSS7bbenzylC5H11SRS9CH (CH3) 2C6H15SSR The oxazolidine
compound of the formula (1) of the present invention can be used in the form of a
pharmaceutically acceptable salt, and includes all salts, hydrates and solvates prepared
by a conventional method. Salts are useful as acid addition salts formed by
pharmaceutically acceptable free acids. As the free acid, inorganic and organic acids can
be used. As the inorganic acid, hydrochloric acid, bromic acid, sulfuric acid, phosphoric
acid and the like can be used. As the organic acid, citric acid, acetic acid, lactic acid,
tartaric acid, fumaric acid, formic acid, Sulfonic acid, 4—nitrobenzenesulfonic acid, 4-—
toluenesulfonic acid, 4—toluenesulfonic acid, 4—nitrobenzenesulfonic acid,
benzenesulfonic acid, maleic acid, benzoic acid, gluconic acid, glycolic acid, Glutaric acid,
embossic acid, glutamic acid, and aspartic acid. In another aspect, the present invention
relates to an indole compound represented by the following formula (2) or a
pharmaceutically acceptable salt thereof. Wherein R & 1t; 1 & gt; is hydrogen or
substituted or unsubstituted C1-10 alkyl; R2 is hydrogen, or straight chain, branched or
cycloalkyl of C1-10; R3 is hydrogen, or straight chain, branched chain or cycloalkyl of
C1-10, or substituted or unsubstituted benzyl; R4 is hydrogen, or straight chain,
branched chain or cycloalkyl of C1-10, or substituted or unsubstituted benzyl; X is
hydrogen, halogen, hydroxy, methoxy, substituted or unsubstituted C1-10 alkyl; Y is
hydrogen or oxygen; Z is hydroxy, C1-10 alkoxy, —OCOCHS3 or oxygen; The above is a
single or double bond.

More preferably, R1 is hydroxyethyl or tert—butyldimethylsilyloxyethyl; R2 is C1-5
straight chain, branched or cycloalkyl; R3 is hydrogen; R4 is hydrogen or straight chain,
branched or cyclic alkyl of C1-5; X is hydrogen, halogen, hydroxy, methoxy, substituted
or unsubstituted alkyl; Y is hydrogen or oxygen; Z is hydroxy, C1-5 alkoxy, —~-OCOCHS3
or oxygen; And the above is a single or double bond. (2S, 3S) -1- (3- (2— (tert—
butyldimethylsilyloxy) ethyl) indolin—1-yl) (13a), 2) (2S, 3S) -1- (3- (2- (tert—
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butyldimethylsilyloxy) ethyl) indoline (25, 3S) —-1- (3- (2- (tert—butyldimethylsilyl)
-1- 4-methylene—-1-oxonan—-3-yl acetate (15a), 4) (2S, 3S) —-1- (15b), 5) (2S, 35)
-1- (3—methoxybenzyl) —1,3-dihydro— Methyl-4-methylenenonan—1-one (16a), 6)
(2S, (16b), 7) (2R (3R) -3-hydroxy—1-, 3S) -1- (3- (2- (tert—
butyldimethylsilyloxy) ethyl) indolin—1-yl) —2-methyl- 3-o0l (17a), 8) (2R, 3S) -1-
(83— (2- (tert— butyldimethylsilyloxy) ethyl) (2R, 3S) —-1- (38— (2-hydroxyethyl) —
1H-indol-1-yl) —2-methyl- (18b), 10) (25, 3S) -3-Hydroxy-1- (3- (2-
hydroxyethyl) indolin— (13b), 11) (2S, 3S) -1- (3- (2-Hydroxyethyl) indolin-1-y1)
-2—- methyl- Acetate (14b) and 12) (2R, 3S) -1- (3—- (2-Hydroxyethyl) indolin—1-
yvl) —2—-methyl-4-methylenenan—-3-ol (17b).

Compound R 1 YZ Indole derivative bond 13a (CH2) 2-OTBSOH Single bond 14a (CH2)
2-0OTBSOOCOCHS3 Single bond 15a (CH2) 2-OTBSOOCOCHS3 Double bond 15b (CH2)
2-OHOOCOCHS3 Double bond 16a (CH 2) 2 ~OHHH double bond 13b (CH 2) 2 ~-OHOH
double bond 17a (CH 2) 2-OTBSHH single bond 18a (CH 2) —-OHOOCOCHS single bond
17b (CH2) 2-OHHH single bond The indole compound of formula (2) of the present
invention can be used in the form of a pharmaceutically acceptable salt, and all salts,
hydrates and solvates . Salts are useful as acid addition salts formed by
pharmaceutically acceptable free acids. As the free acid, inorganic and organic acids can
be used. As the inorganic acid, hydrochloric acid, bromic acid, sulfuric acid, phosphoric
acid and the like can be used. As the organic acid, citric acid, acetic acid, lactic acid,
tartaric acid, fumaric acid, formic acid, Sulfonic acid, 4—nitrobenzenesulfonic acid, 4-—
toluenesulfonic acid, 4—toluenesulfonic acid, 4—nitrobenzenesulfonic acid,
benzenesulfonic acid, maleic acid, benzoic acid, gluconic acid, glycolic acid, Glutaric acid,
embossic acid, glutamic acid, and aspartic acid. Reaction Scheme 1 Reaction Scheme 3
Reaction Scheme 4 Reaction Scheme 6 Reaction Scheme 7 Reaction Scheme 9 Reaction
Scheme 10 The above reactions or all the reactions after completion of the reaction The
product can be isolated and purified by conventional post treatment methods such as
chromatography, recrystallization and the like. The isopropyloxazolidine compound of
the present invention represented by the formula (1) and the indole compound
represented by the formula (2) can be synthesized by a synthetic method and can be
obtained by any conventional method, and commercially available reagents can be used.
In another aspect, the present invention relates to a pharmaceutical composition for the
prophylaxis and treatment of inflammatory diseases or cancer, which comprises the

compound of formula (I) or (I) or a pharmaceutically acceptable salt thereof.

The compounds according to the present invention are excellent in the effect of
inhibiting the signal transduction system induced by IL-6 or IL—11, and thus are useful
for the treatment of diseases mediated by IL-6 or ILL—11, in particular inflammatory
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diseases or cancer diseases There is an excellent effect on prevention. Wherein said
inflammatory disease is selected from the group consisting of rheumatoid arthritis,
osteoporosis, transglottial hyperplasia, hyperimmunoglobulinemia, anemia, nephritis,
cachexia, climacteric disease, angiostatic nephritis, multiple sclerosis, uveitis, chronic
thyroiditis, delayed hypersensitivity, contact dermatitis atopic dermatitis, Including but
not limited to all inflammatory diseases mediated by ILL-6 or ILL-11, including, but not
limited to, acanthosis, Crohn's disease, pancreatitis, psoriasis, burning idiopathic
atrophy, diabetes and Alzheimer's. The cancer diseases may be selected from the group
consisting of pancreatic cancer, breast cancer, prostate cancer, brain tumor, head and
neck carcinoma, melanoma, myeloma, melanoma, leukemia, lymphoma, liver cancer,
gastric cancer, colon cancer, ovarian cancer, ovarian cancer, But are not limited to,
cancer of the anus, colon cancer, fallopian tube carcinoma, endometrial carcinoma,
cervical carcinoma, vaginal carcinoma, vulvar carcinoma, Hodgkin's disease, bladder
carcinoma, renal carcinoma, ureter carcinoma, renal pelvic carcinoma, But are not limited
to, all cancer diseases mediated by IL-6 or IL.-11. The pharmaceutical composition of
the present invention may contain 0.0001 to 10% by weight, preferably 0.001 to 1% by
weight of the above compound, based on the total weight of the composition. In addition,
the composition comprising the oxazolidine compound of the present invention and the
indole compound (Formula 2) may further include an appropriate carrier, excipient, and
diluent commonly used in the production of a pharmaceutical composition. The
pharmaceutical dosage form of the oxazolidine compound of the present invention
represented by the formula (1) and the indole compound of the formula (2) may be used
in the form of a pharmaceutically acceptable salt thereof, and may be used alone or in
combination with another pharmacologically active compound It can also be used as an
appropriate set. The composition comprising the oxazolidine compound according to the
present invention and the compound represented by the formula (2), which is an indole
compound, can be administered orally or parenterally in the form of powders, granules,
tablets, capsules, suspensions, emulsions, syrups, Formulation, external preparation,

suppository, and sterile injection solution.

Examples of carriers, excipients and diluents that can be included in the composition
containing the extract include lactose, dextrose, sucrose, sorbitol, mannitol, xylitol,
erythritol, maltitol, starch, acacia rubber, alginate, gelatin, calcium phosphate, calcium
silicate , Cellulose, methylcellulose, microcrystalline cellulose, polyvinylpyrrolidone,
water, methylhydroxybenzoate, propylhydroxybenzoate, talc, magnesium stearate and
mineral oil. In the case of formulation, a diluent or excipient such as a commonly used
filler, an extender, a binder, a wetting agent, a disintegrant, a surfactant or the like is
used. Solid formulations for oral administration include tablets, pills, powders, granules,
capsules and the like, which may contain at least one excipient such as starch, calcium
carbonate, sucrose, (sucrose), lactose, gelatin and the like. In addition to simple
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excipients, lubricants such as magnesium stearate and talc are also used. Liquid
preparations for oral use may include various excipients such as wetting agents,
sweeteners, fragrances, preservatives, etc. in addition to water and liquid paraffin, which
are simple diluents commonly used in suspension, liquid solutions, emulsions and syrups
have. Formulations for parenteral administration include sterile aqueous solutions, non—
aqueous solutions, suspensions, emulsions, freeze—dried preparations, and
suppositories. Examples of the suspending agent include propylene glycol, polyethylene
glycol, vegetable oil such as olive oil, injectable ester such as ethyl oleate, and the like.
As the base of suppositories, witepsol, macrogol, tween 61, cacao paper, laurin,
glycerogelatin and the like can be used. The preferable dose of the oxazolidine
compound of the present invention represented by formula (1) and the indole compound
of formula (2) varies depending on the condition and body weight of the patient, degree
of disease, drug form, route of administration and period of time, Can be.

However, for the desired effect, the extract or the compound of the present invention is
preferably administered at 0.0001 to 100 mg / kg, preferably 0.001 to 100 mg / kg per
day. The administration may be carried out once a day or divided into several times. In
addition, the pharmaceutical composition of the present invention can be administered to
mammals such as rats, mice, livestock, and humans in various routes. All modes of
administration may be expected, for example, by oral, rectal or intravenous,

intramuscular, subcutaneous, intra—uterine or intracerebroventricular injections.

INDUSTRIAL APPLICABILITY As described above, the present invention relates to an
oxazolidine—based compound or an indole—based compound represented by the formula
(D or a pharmaceutically acceptable salt thereof, which has the inhibitory activity of a
signal transduction system induced by IL-6 and IL— Or a composition comprising the
same, wherein the composition is used for the treatment and / or prophylaxis of
rheumatoid arthritis, osteoporosis, transglottial hyperplasia, hyperimmunoglobulinemia,
anemia, nephritis, cachexia, cattle disease, angioplasty nephritis, multiple sclerosis,
uveitis, chronic thyroiditis, Inflammatory diseases including atopic dermatitis, systemic
lupus erythematosus, Crohn's disease, pancreatitis, psoriasis, inflammatory idiopathic
diabetes mellitus, diabetes mellitus and Alzheimer's disease and inflammatory diseases
including pancreatic cancer, breast cancer, prostate cancer, brain tumor, head and neck
carcinoma, melanoma, myeloma, Lymphoma, liver cancer, stomach cancer, colon cancer,
bone cancer, uterine cancer, ovarian cancer, rectal cancer, esophageal cancer, small
intestine cancer, A medicament for the prophylaxis and treatment of cancers including
endometrial carcinoma, cervical carcinoma, vaginal carcinoma, vulvar carcinoma,
Hodgkin's disease, bladder cancer, kidney cancer, ureter cancer, kidney cell carcinoma,
renal pelvic carcinoma and central nervous system tumor Can be usefully used.
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[0082 ] BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a graph showing the IC50
of the inhibitory activity of luciferase induced by isopropyloxazolidine—based compound
and indole—based compound to IL-6 in HepGZ2 cells. FIG. 2 is a graph showing the
inhibitory activity of luciferase, which is induced by IL-11 in HepG2 cells, according to
the isopropyloxazolidine—based compound represented by Chemical Formula 4d
according to the present invention. FIG. 3 is a graph showing IL-6-induced STAT3
phosphorylation—inhibiting activity in HepGZ2 cells of the isopropyloxazolidine—based
compound represented by Chemical Formula 4d according to the present invention. FIG.
4 is a graph showing IL-6—-induced JAKZ and gp130 phosphorylation—inhibiting activity
in U266 cells according to the present invention, wherein the isopropyloxazolidine—
based compound represented by Chemical Formula 4d. FIG. 5 is a graph showing the
activity of the isopropyloxazolidine—based compound represented by Chemical Formula
4d according to the present invention to restore the [L.—6 effect inhibiting insulin—

induced adipogenesis in 3T3L1 cells.

[0083] Hereinafter, preferred embodiments of the present invention will be described in
order to facilitate understanding of the present invention. However, the following
examples are provided only for the purpose of easier understanding of the present

invention, and the present invention is not limited by the examples.

[0084 ] EXAMPLES Synthesis of Compounds Represented by Formulas (1) and (2)

[0085] & Lt; Example 1 & gt;

[0087 ] 3Methyl-2-methylenebutanal & 1t; / RTI & gt; (2b)

[0088] 1 (440 mg, 50 mmol, 0.93 eq) and a dimethylamine hydrochloride solution
(0.434 ml, 58 mmol, 1 eq, 37%) and an aqueous solution of dimethylamine hydrochloride
were added at 70 [deg.] C to 500 mg (58 mmol, 1 eq) C for 48 hours. The completion of
the reaction was confirmed by TLC. After confirming that all the compounds became 2b,
water was added to quench the reaction, and diethylether was added to separate the
organic layer. The organic layer was dried over anhydrous magnesium sulfate and
concentrated to give yellow liquid material 2b (44-62%). The reaction was immediately
stirred without any column.
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[0089] 1(1H, s, -C = CH? H?), 5.94 (1H, s, -C = CH? H?), 2.78 -CH (CH3) 2), 1.07
(6H, d, J = 6.8Hz, —CH (CH3)

[0090] 2- Preparation of methylene hexanal (2¢)

[0091] Using the same method as above, 2¢ (44-62%) of yellow liquid material was
obtained.

[0092] 1(1H, s, -C = CHaHP), 5.98 (1H, s, -C CH.alpha.H.beta.), 2.23 (2H, t, J =
7.3 Hz, -CH2CH2CH2CH3), 1.35-1.30 (4H, m, ~-CH2CH2CHZ2CH3), 0.90 (3H, t, J =
7.3Hz, —-CH2CHZ2CHZ2CH3)

[0093] 2—- & 1t; / RTI & gt; methyleneheptanal (2d)

[0094 ] Using the same method as above, 2d (44-62%) of yellow liquid material was
obtained.

[0095] 1(1H, s, -C = CHaHP), 5.97 (1H, s, -C = CHaHp), 2.21 (2H, t, J = 7.8Hz,
-CH2CH2CH2CH2CH3), 1.31-1.25 (6H, m, ~-CH2CH2CH2CH2CHS3), 0.87 (3H, t, J =
6.8Hz, ~-CH2CH2CH2CH2CH3)

[0096] 2— & It; / RTI & gt; methylene octanal (2e)

[0097] Using the same method as above, 2e (65%) of yellow liquid material was

obtained.

[0098] 1(1H, s, -C = CHaHR), 5.97 (1H, s, -C = CHaHR), 2.21 (2H, t, J = 7.8Hz,
-CH2CH2CH2CH2CH2CH3), 1.31-1.25 (8H, m, —~-CH2CH2CH2CH2CH2CH3), 0.87
(3H, t, J = 6.8Hz, -CH2CH2CH2CH2CH2CHS3)
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[0099] 2—- & It; / RTI & gt; methylenenol (2f)

[0100] Using the same method as above, 2f (44-62%) of yellow liquid material was

obtained.

[0101] 1(Q1H, s, -C = CHaHP), 5.98 (1H, s, -C = CHaHp), 2.22 (2H, t, M, —-CH2
(CH2) 4CH2CH3), 0.87 (3H, t, J = 7.3 Hz, = 6.8 Hz, —-CH2 (CH2) 4CH2CH3).

[0102] 2- benzyl acrylidihydrate (2 g)

[0103] Using the same method as above, 2 g (51%) of a yellow liquid material was

obtained.

[0104] 1(1H, s, -CH = H), 6.01 (1H, s, , —C? CH? H?), 3.50 (2H, s, Ar—-CH2C = CH2).

[0105] & Lt; Example 2 & gt;

[0107] Preparation of (S) -3 — ((2S, 3S) -3-hydroxy—2,4-dimethylpent—4-enoyl)

—4- isopropyloxazolidin—

[0108] (R) — (+) 4-isopropyl-3—-propynol-2-oxazolidinone 3a (100 mg, 0.541 mmol,

1 eq) dissolved in dichloromethane (1.1 ml) was ice—cooled in an ice water bath (596,
0.596 mmo) and diisopropylethylamine (90.6, 0.650 mmol, 1.2 eq) dissolved in 1 M
dichloromethane were slowly added dropwise and stirred at the same temperature for
50 minutes . The stirred reaction mixture was cooled at =78 [deg.] C for 10 minutes,
and then methyl acrolein 2a (59.0, 0.704 mmol) dissolved in dichloromethane (0.70 ml)
was stirred at =78 [deg.] C for 30 minutes. Then, the mixture was ice—cooled again in
an ice water bath and stirred for 1 hour. Then, pH 7.0 phosphate (1.2 ml), methanol (1.1
ml), aqueous 30% wt hydrogen peroxide aqueous solution (0.6 ml) The reaction is
stopped in order to stop the reaction. The mixture was further stirred in an ice water
bath for 1 hour, and then dichloromethane and water were added to separate the organic
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layer. The separated organic layer was washed with an aqueous solution of sodium
chloride, dried over anhydrous magnesium sulfate and concentrated. The obtained
residue was subjected to silica gel column chromatography (18% n—hexane: ethyl
acetate) to separate the material and dry to obtain yellow liquid material 4a (68 mg,
49%).

[0109] 1(1H, m, —OCH? H? CHN), 4.40 (1H, brs, Dd, J = 9.3, 2.9 Hz, ~-OCH? H? CHN),
3.97 (1H, dq, J =7.3 , 2.9 Hz, -CH (CH3) CH (OH) -), 3.11 (1H, brs, J = 2.4 Hz, -
OH), 2.39-2.32 , 3H, -C (= CH) CH3), 1.18 (3H, d, J = 6.8Hz, —CH (CH3) CH (OH) )
2), 0.89 (3H, d, J = 6.8 Hz, —CH (CH3) 2).

[0110] Preparation of (S) =3- ((2S, 3S) -3-hydroxy—-2,5—-dimethyl-4-

methylenehexanoyl) —4-isopropyloxazolidin—

[0111] Using the same method as above, 4b (43%) of a yellow liquid material was
obtained.

[0112] 1(1H, s, -C = CH? H?), 4.48 (1H, m, ~OCH? H? CHN), 4.46 Dq, J = 6.8 (1H, d,
J=9.2, 2.9 Hz, -OCH? H? CHN), 4.96 (1H, dd, J = 17.1, 8.3 Hz, M, —CH (CH3) 2),
2.18-2.13 (1H, m, & 1t; RTI ID = (3H, d, J = 6.3 Hz, -C (= CH) CH (CH3) 2), 1.19 CH
(CH3) 2), 0.93 (3H, d, J = 6.8Hz, —-CH (CH3) 2), 0.89 (3H, d, J = 7.3 Hz, —CH (CH3)
2).

[0113] Preparation of (S) =3- ((2S, 3S) —-3-hydroxy—-2-methyl-4-
methyleneoctanoyl) —4—isopropyloxazolidin—

[0114] Using the same method as above, 4c (16%) of a yellow liquid material was
obtained.

[0115] 1M, —OCH? H? CHN), 4.41 (1H, brs, 1H), 4.97 (1H, -CH (OH)), 4.28 (1H, dd, J
= 17.6,9.2 Hz, —OCH? H? CHN), 4.22 (1H, dd, J = 9.3, 2.9 Hz, , 2.9 Hz, -CH (CH3) CH
(OH) -), 3.13 (1H, brs, —OH), 2.38-2.33 (2H, m, -C (= CH) CH2CH2CH2CH3), 1.17
(8H, d, J = 6.8 CH (OH) -), 0.91 (3H, d, J = 6.8Hz, -CH (CH3) 2), 0.87 (3H, d, J =
7.3Hz, ), 0.86 (3H, d, J = 7.3Hz, —CH (CH3) 2), 0.85 (3H, t, J = 5.6Hz, —-C (= CH)
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CH2CH2CH2CH3).

[0116] Preparation of (S) —=3- ((2S, 3S) —3-hydroxy—2-methyl-4-
methylenonanoyl) —4-isopropyloxazolidin—

[0117] Using the same method as above, 4d (84%) of yellow liquid material was
obtained.

[0118] 1(1H, s, -C = CH? H?), 4.50-4.47 (1H, m, ~-OCH? H? CHN), 4.42 Dq, J = 9.3,
2.9 Hz, ~OCH? H? CHN), 3.95 (1H, d, J = (1H, m, -CH (CH3) 2), 2.04-1.90 (2H, m)
M, -C (= CH) CH2CH2CH2CH2CH3), 1.18 (3H, d, CH3CH2CH2CH3) J = 7.3 Hz, —CH
(CH3) CH (OH) -), 0.93 (3H, d, J = 7.1 Hz, —CH (CH3) CH3) 2), 0.88 (3H, t,J = 5.4
Hz, -C (= CH) CH2CH2CH2CH2CHS3).

[0119] Preparation of (S) —-3- ((2S, 3S) —3-hydroxy—2-methyl-4-
methylenedecanoyl) —4-isopropyloxazolidin—

[0120] 4e (87%) of a yellow liquid material was obtained using the same method as
above.

[0121] 1(1H, s, -C = CH? H?), 4.50-4.47 (1H, m, ~-OCH? H? CHN), 4.42 dd, J = 9.3,
2.9 Hz, —OCH? H? CHN), 3.95 (1H, dq, J = (1H, m, -CH (CH3) 2), 2.04-1.90 (2H, m,
-C (= CH) CH2CH2CHZ2CH2CHZ2CH3), 1.18 (3H, d, D, J = 7.1 Hz, —CH (CH3) 2), 0.98
(8H, d, J = (CH3) 2), 0.88 (3H, t, J = 5.4 Hz, -C (= CH) CH2CH2CH2CH2CH2CH3).

[0122] Preparation of (8) -3 — ((2S, 3S) —3-hydroxy-2-methyl-4-methylene
undecanoyl) —4- isopropyloxazolidin—

[0123] Using the same method as above, 4f (41%) of a yellow liquid material was
obtained.

[0124] 1(1H, m, —OCH? H? CHN), 4.42 (1H, s, -C = CH? H?), dd, J = 9.1, 3.1 Hz, -
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OCH? H? CHN), 3.95 (1H, dg, J =M, —CH (CH3) 2), 1.95 (2H, m, & 1t; RTTID = M, -C
(= CH) CH2 (CH2) 5CH3), 1.18 (3H, d, J = 7.1 Hz, —CH (CH3) CH (OH) -), 0.93 (3H,
d,J=7.0 Hz, -CH (CH3) 2), 0.89 (3H, d, J = 6.72 Hz, , J = 5.8 Hz, -C (= CH) CH2
(CH2) 5CH3).

[0125] Preparation of (S) =3 = ((2S, 3S) —4-benzyl-3-hydroxy—2-methylpent—4-

enoyl) —4- isopropyloxazolidin—

[0126] Using the same method as above, 4 g (72%) of a yellow liquid material were
obtained.

[0127] 1(1H, s, -C = CHaHP), 4.42-4.41 (1H, m, (1H, d, J = 9.0, 8. 3 Hz, ~OCH? H?
CHN), 4.19 (1H, dd, J = 9.0, 3.2 Hz, ~-OCH? H? CHN), 4.01 (3H, dq, J = 7.1, 3.0 Hz, -
CH (CH3) M, —CH (CH3) 2), 3.10 (1H, brs, —OH), 2.35-2.29 , 1.22 (3H, d, J = 7.1Hz,
—-CH (CH3) CH (OH) -), 0.91 = 6.8 Hz, —CH (CH3) 2).

[0128] & Lt; Example 3 & gt;

[0130] (R) = (+) 4-isopropyl-3—-propynol-2-oxazolidinone 3a (100 mg, 0.541 mmol,

1 eq) dissolved in dichloromethane (1.5 ml) was ice—cooled in an ice water bath (596,
0.596 mmo) and diisopropylethylamine (90.6, 0.650 mmol, 1.2 eq) dissolved in 1 M
dichloromethane were slowly added dropwise and the mixture was stirred at the same
temperature for 50 minutes Lt; / RTI & gt: The stirred reaction mixture was cooled at -
78 ° C for 10 minutes, then 1-cyclohexenecarboxylic aldehyde 2h (92.25, 0.81 mmol)
dissolved in dichloromethane (0.70 ml) was added dropwise at =78 ° C for 30 minutes
Lt; / RTI & gt; Then, the mixture was ice—cooled again in an ice water bath and stirred
for 1 hour. Then, pH 7.0 phosphate (1.2 ml), methanol (1.1 ml), aqueous 30% wt
hydrogen peroxide aqueous solution (0.6 ml) The reaction is stopped in order to stop
the reaction. The mixture was further stirred in an ice water bath for 1 hour, and then
dichloromethane and water were added to separate the organic layer. The separated
organic layer was washed with an aqueous solution of sodium chloride, dried over
anhydrous magnesium sulfate and concentrated. The resulting residue was subjected to
silica gel column chromatography (18% n—hexane: ethyl acetate) to isolate the material
and dry to obtain yellow liquid material 4h (22.3 mg, 14.8%).
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[0131] 1 1 H-NMR (CDCI 3, 500 MHz)? 5.81 (1H, t, J = 3. 4 (1H, d, J = 17.4, 9.0 Hz,
-OCH? H? CHN), 4.40 , 2.93 (1H, brs, -), 4.22 (1H, dd, J = 9.3, 2.9 Hz, ~-OCH? H?
CHN), 3.95 (1H, dq, J = 7.3, 2.9 Hz, M, —Cyclo (CH 2)), 1.927 (2H, t, J = 17.60 Hz, -
Cyclo (CH 2) ), 1.67-1.55 (4H, m, —Cyclo (CH2CHZ2), 1.18 (3H, d, J = 7.3 Hz, -CH
(CH3) 2), 0.88 (3H, d, J = 7.1 Hz, -CH (CH3) 2).

[0132] & Lt; Example 4 & gt;

[0134] 3-Propynol-2-oxazolidinone 3b (100 mg, 0.541 mmol, 1 eq), dissolved in
dichloromethane (2.0 mlD (596, 0.596 mmo) and diisopropylethylamine (90.6, 0.650
mmol, 1.2 eq) dissolved in 1 M dichloromethane were slowly added dropwise and the
mixture was stirred at the same temperature for 50 minutes Lt; / RTI & gt; The stirred
reaction mixture was cooled at =78 ° C for 10 minutes, and 2—-methyleneheptal 2d
(68.14, 1.07 mmol) dissolved in dichloromethane (0.70 ml) was stirred at 78 ° C for 30
minutes. Then, the mixture was ice—cooled again in an ice water bath and stirred for 1
hour. Then, pH 7.0 phosphate (0.1 ml), methanol (0.2 ml), aqueous 30% wt hydrogen
peroxide aqueous solution (0.2 ml) The reaction is stopped in order to stop the reaction.
The mixture was further stirred in an ice water bath for 1 hour, and then
dichloromethane and water were added to separate the organic layer. The separated
organic layer was washed with an aqueous solution of sodium chloride, dried over
anhydrous magnesium sulfate and concentrated. The obtained residue was subjected to
silica gel column chromatography (15% n—hexane: ethyl acetate) to isolate the material
and dry to obtain yellow liquid material 5 (146.3 mg, 87.2%).

[0135] 1(1H, s, -C = CH? H?), 4.50-4.47 (1H, m, ~-OCH? H? CHN), 4.42 dd, J = 9.3,
2.9 Hz, —-OCH? H? CHN), 3.95 (1H, dq, J = (1H, m, ~CH (CH3) 2), 2.04-1.90 (2H, m,
—-C (= CH) CH2CHZ2CH2CH2CH3), 1.18 (3H, d, D, J = 7.1 Hz, -CH (CH3) 2), 0.98
(8H, d, J = (CH3) 2), 0.88 (3H, t, J = 5.4 Hz, -C (= CH) CH2CH2CH2CH2CH3).

[0136] & Lt; Example 5 & gt;

[0138] 4-benzyl-3—-propionyloxazolidin—2-one 6 (100 mg, 0.43 mmol, 1 eq)

dissolved in dichloromethane (1.5 ml) was ice—cooled in an ice water bath, Dibutylboron
trifluoromethane sulphonate (515, 0.51 mmol) and diisopropylethylamine (104, 0.60
mmol, 1.4 eq) dissolved in dichloromethane were slowly added dropwise and stirred at
the same temperature for 50 minutes. The stirred reaction mixture was cooled at =78
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° C for 10 minutes, and 2-methyleneheptal 2d (68.14, 1.07 mmol) dissolved in
dichloromethane (0.70 ml) was stirred at 78 ° C for 30 minutes. Then, the mixture was
ice—cooled again in an ice water bath and stirred for 1 hour. Then, pH 7.0 phosphate
(0.1 ml), methanol (0.2 ml), aqueous 30% wt hydrogen peroxide aqueous solution (0.2
ml) The reaction is stopped in order to stop the reaction. The mixture was further
stirred in an ice water bath for 1 hour, and then dichloromethane and water were added
to separate the organic layer. The separated organic layer was washed with an aqueous
solution of sodium chloride, dried over anhydrous magnesium sulfate and concentrated.
The obtained residue was separated and dried by silica gel column chromatography
(18% n—hexane: ethyl acetate) to obtain yellow liquid material 7a (105 mg, 68%).

[0139] 1(2H, m, Ar—-H), 5.19 & It; RTT ID = 0.0 & gt; (1H, s, -C = CH? H?), 5.00 (1H,
s, -C =CH? H?), 4.74-4.69 (1H, m, ~-OCH? H? CHN) (1H, m, PhCH2-), 3.96 (1H, dd,
J =10.2, 3.4 Hz, —-OCH.alpha.H.beta.CHN), 3.27 (1H, dd, J = 13.2, 3.4 Hz, ), 2.81 (1H,
d,J=13.2, 9.2 Hz, -CH (CH3) m, -C (= CH) CHZ2 (CH2) 2CH2CH3), 1.32 (4H, m, CH
(CH2) 2CH2CHS3), 0.90 (3H, t, J = 6.8Hz,

[0140] The residue obtained in Example 5 was subjected to silica gel column
chromatography (18% n—hexane: ethyl acetate) to obtain 7a, and then (7%) (21 mg,
14%) in (12% n—hexane: ethyl acetate).

[0141] 1(2H, m, Ar—-ID), 7.30-7.27 (1H, m, Ar—-I), 7.22-7.21 , 5.19 (1H, s, -C = CIH?
H?), 5.00 (1H, s, —C? CH? H?), 4.74-4.69 (2H, m, PhCH2-), 3.95 (1H, dd, J = 10.2,
3.4 Hz, ~OCH.alpha.H.beta.CHN), 3.27 (1H, dd, J = 13.7, 3.6 Hz, -
OCH.alpha.H.beta.CHN) (CH2) 2CH2CH3), 2.00 (2H, m, —-C (= CH) CH2 (CH2)
2CH2CH3), 2.81 (1H, dd, J = 13.2, 9.8 Hz, 1.48 (2H, m, -C (= CH) CH2 (CH2)
2CH2CH3), 1.32 (4H, m, CH (CH3) CH (OH) -), 0.90 (3H, t, J = 6.8 Hz, -C (= CH)
CH2 (CH2) 2CH2CH3).

[0142] & Lt; Example 6 & gt;

[0144] 3-propynol-2-oxazolidinone 3a (100 mg, 0.541 mmol, 1 eq), dissolved in
dichloromethane (1.5 ml) (596, 0.596 mmol) and diisopropylethylamine (90.6, 0.650
mmol, 1.2 eq) dissolved in 1 M dichloromethane were slowly added dropwise and the
mixture was stirred at the same temperature for 50 minutes Lt; / RTI & gt; The stirred
reaction mixture was cooled at =78 [deg.] C for 10 min, then hectoral 8 (92.25, 0.81
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mmol) dissolved in dichloromethane (0.70 ml) was stirred at =78 [deg.] C for 30 min.
Then, the mixture was ice—cooled again in an ice water bath and stirred for 1 hour.
Then, pH 7.0 phosphate (1.2 ml), methanol (1.1 ml), aqueous 30% wt hydrogen

peroxide aqueous solution (0.6 ml) The reaction is stopped in order to stop the reaction.
The mixture was further stirred in an ice water bath for 1 hour, and then
dichloromethane and water were added to separate the organic layer. The separated
organic layer was washed with an aqueous solution of sodium chloride, dried over
anhydrous magnesium sulfate and concentrated. The obtained residue was subjected to
silica gel column chromatography (18% n—hexane: ethyl acetate) to isolate the
substance and dry to obtain yellow liquid substance 9 (22.3 mg, 14.8%).

[0145] 1(1H, m, ~OCH? H? CHN), 4.39 (1H, brs, Dd, J = 7.8, 2.9 Hz, ~-OCH? H? CHN),
3.94 (1H, dq, J = 6.8 M, —CH (CH3) CH (OH) -), 2.38-2.33 (1H, m, -CH (CH3) 1.17
(8H, d, J =7.3 Hz, -CH (CH3) CH (OH) D, J = 7.3 Hz, —CH (CH3) 2), 0.87 (3H, t,J =
5.8 Hz, -CH? H? CH 2 (CH 2) 3 CH 3).

[0146] & Lt; Example 7 & gt;

[0148] (2SS, 3S) —3-hydroxy—-2-methyl-4-methylenenanoic acid (10d)

[0149] (S) -3 — ((2S, 3S) —3-hydroxy—2-methyl-4—methylenonanoyl) —4-
isopropyloxazolidin— mg, 3.05 mmol) was dissolved in a mixture of tetrahydrofuran:
water (27 ml: 27 ml) and lithium hydroxide (256 mg, 6.10 mmol) was added at room
temperature. The reaction was completed by stirring at room temperature for 12 hours.
Tetrahydrofuran was removed under reduced pressure and neutralized to pH 7. Ethyl
acetate was added to the reaction mixture to separate the organic layer. The separated
organic layer was washed with an aqueous solution of sodium chloride, dried over
anhydrous magnesium sulfate and concentrated. The resulting liquid material 10d (647
mg, 106.1%) was added directly to the next reaction.

[0150] 1(1H, d, J = 3.4 Hz, —CH (CH3) 2 (CH3) (2H, m, ~-CH2CH2CH2CH2CH3), 1.48
(2H, m, —-CH2CH2CH2CHZ2CH3), 1.31 (4H, m, ~-CH2CH2CH2CH2CH3), 1.14 (3H, d, J
= 37.3 Hz, -CH (CH3) CH-OH), 0.90 (3H, t, J = 6.8 Hz, —-CH2CH2CH2CHZ2CH3).

[0151] & Lt; Example 8 & gt;
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[0153] 2- (indolin-3-y1) ethanol (11)

[0154] 2- (8-indol) —ethanol (1.2 g, 7.06 mmol) dissolved in acetic acid (41.5 ml) was
ice—cooled in an ice bath and sodium thianoborohydride (2.2 g, 35.34 mmol) . The ice
bath was removed and the mixture was stirred at room temperature for 3 hours. After
confirming that the reaction was completed, the reaction was stopped by adding a
saturated sodium bicarbonate aqueous solution. The reaction mixture was neutralized,
and then ethyl acetate was added thereto to separate an organic layer. The separated
organic layer was washed with an aqueous solution of sodium chloride, dried over
anhydrous magnesium sulfate and concentrated. The obtained residue was subjected to
silica gel column chromatography (n—hexane: ethyl acetate = 10: 1) and the material

was separated and dried to obtain a yellow liquid substance 11 (432 mg, 37.4%).

[0155] 1(1H, dd, J = 7.6 Hz), 7.06 (1H, dd, J = 7.9, 7.3 Hz), 6.76 , 6.68 (1H, d, J =
7.6Hz), 3.74-3.55 (3H, m), 3.44 2.09 (1 H, m), 1.79 (1 H, m)

[0156] 3= (2- (tert—butyldimethylsilyloxy) ethyl) indoline (12)

[0157] 2 = (indolin—-3-yl) ethanol 11 (365 mg, 2.23 mmol) was dissolved in
dichloromethane and then imidazole (182.6 mg, 2.68 mmol) and tert— butyl dimethylsilyl
chloride 404.2 mg, 2.68 mmol) were added successively. After stirring at room
temperature for 3 hours, it was confirmed that the reaction was completed. The reaction
mixture was poured into water and dichloromethane to quench the reaction, and the
organic layer was separated. The separated organic layer was washed with an aqueous
solution of sodium chloride, dried over anhydrous magnesium sulfate and concentrated.
The obtained residue was subjected to silica gel column chromatography (n—hexane:
ethyl acetate = 20: 1) and the material was separated and dried to obtain yellow liquid
material 12 (570.5 mg, 92.8%).

[0158] 1(1H, dd, J = 7.6 Hz), 7.06 (1H, dd, J = 7.9, 7.3 Hz), 6.76 , 6.68 (1H, d, J = 7.6
Hz), 3.74-3.55 (3H, m), 3.44 1.79 (1H, m), 0.92 (9H, s, -Si—- (CH3) 2- (CH3) 3),
0.09 (6H, s, —Si— (CH3) 2- (CH3) 3).
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[0159] & Lt; Example 9 & gt;

[0161] (2S, 3S) —1- (83— (2- (tert—butyldimethylsilyloxy) ethyl) indolin—-1-yl) -3-
hydroxy—-2-methyl- (13a)

[0162] 3 (405 mg, 1.45 mmol) and (2S, 3S) —-3-hydroxy—-2-methyl-4-
methylrenonexecarboxylic acid (438 mg , 2.18 mmol) and O- (7-azabenzotriazol-1-
vD =N, N, N ', N'- tetramethyl- uranium (832.4 mg, 2.18 mmol) were dissolved in 20.0
ml of dimethylformamide , N, N=diisopropylethylamine (0.17 ml, 1.0 mmol) was added.
The organic layer was dried over anhydrous magnesium sulfate, concentrated and then
purified by silica gel column chromatography (n—hexane: ethyl acetate = 10: 1) to
obtain the desired compound 13a ( 404 mg, 60.2%) as an oil.

[0163] 1(2H, m, Ar—-H), 7.09 (1H, t, J = 7.3 Hz, Ar (1H, brs, HC-OH), 5.27 (1H, t, J =
6.35 Hz, (2H, m, -N-CH2), 3.56-3.53 (1H, m, ~-CO-OTBS), 3.92 (1H, q, J = 5.86,4.4
Hz, M, —-CH2-CH2-0OTBS), 2.91 (1H, m, -C? CH = CH? H? -CH2), 1.82 (1H, m, -
CH2CH2CH2CH3), 1.21 (3H, d, J = 6.84 Hz, C = O —-CH (CH3) 3), 0.09 (6H, s, —Si-
(CH3) 3), 1.19 (3H, t, J = 7.33 Hz, CH2CH3) CH3) 2- (CH3) 3).

[0164] (2Preparation of (S) —=3-hydroxy-1- (3— (2-hydroxyethyl) indolin-1-yl)

[0165] (2 3=hydroxy—-2-methyl-4-methylenenan—-1-one 13a ((S) 54.5 mg, 0.12

mmol) was dissolved in tetrahydrofuran (5 ml), and tetrabutylammonium fluoride (0.15
ml) dissolved in 1.0 M of tetrahydrofuran was added in an ice water bath. After stirring
at room temperature for 2 hours, it was confirmed that the reaction was completed.
Methanol was added to the reaction mixture to stop the reaction, and the obtained
residue was immediately subjected to silica gel column chromatography (n—hexane:
ethyl acetate = 1: 1) to separate the material and dry to obtain the desired compound
13b (39 mg, 95% Oil.

[0166] 1(2H, m, Ar—-H), 7.08 (1H, t, J = 6.8 Hz, Ar (1H, brs, HC-OH), 4.49 (2H, s,
HC-OH), 5.07 (2H, m, -N-CH2), 3.83 (1H, q, J = 5.86, 4.4 Hz, (1H, m, ~-CH2-CH2-
OH), 3.79 (1H, brs, CH2CH20H), 3.63-3.59 M, ~-CH2-CH3), 1.34-1.32 (4H, m, —
CH2CH2CH2CH2), 1.86 m, —-CH2CH2CH2CH3), 1.21 (3H, d, J = 7.3 Hz, C-O-CH
(CH3), 0.91 (3H, t, J = 6.84 Hz, CH2CH3).
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[0167] (2Ethy]l) indolin—1-yl) —2-methyl-4-methylene—1-oxonan—-3—-yl acetate
Manufacturing (14a)

[0168] (2S, 3S) -1- (3- (2- (tert-butyldimethylsilyloxy) ethyl) indolin—-1-yl) =3-
hydroxy— 1-one 13a (357 mg, 0.77 mmol) was added pyridine (0.34 ml, 3.88 mmol),
and then the acetonic hydrosol was slowly added dropwise. The mixture was stirred at
room temperature for 12 hours. A small amount of starting material remained, and 4—
dimethylaminopyridine (1 eq) was added thereto, followed by stirring at room
temperature for 2 hours. After confirming that the reaction was completed, pyridine was
removed by a pressure reducer, ethyl acetate and water were added to separate the
organic layer. The separated organic layer was washed with an aqueous solution of
sodium chloride, dried over anhydrous magnesium sulfate and concentrated. The
obtained residue was subjected to silica gel column chromatography (n—hexane: ethyl
acetate = 20: 1), and the material was separated and dried to obtain the desired
compound 14a (570.5 mg, 92.8%) as an oil.

[0169] 1(2H, m, Ar—H), 6.95 (1H, t, J = 7.3 Hz, Ar (1H, d, J = 8.3 Hz, —-CHOCHS3),
5.04 (1H, s, -CH20H-OTBS), 3.44 (1H, m, —-CO-NH2), 3.69 CH (CH3), 2.94 (1H, m,
Ar-CH), 2.01 M, —CH2-CH3), 0.86 (4H, m, ~-CHZ2CH2CHZ2CH3), 0.85 (9H, s, (3H, t, J
= 7.33 Hz, CH2CH3), 0.01 (6H, dd, J =, s, =Si— (CH3) 2- (CH3) 3).

[0170] (2Preparation of (14b) S, 3S) —1- (3—- (2-hydroxyethyl) indolin—

[0171] (2 Y1) —2-methyl-4—-methylene—1-oxononan—-3—-ylacetate 14a (2—-tert—
butyldimethylsilyloxy) ethyl) indolin— (64.4 mg, 0.12 mmol) was dissolved in methanol
(3 ml), and a small amount of pyridine p—toluene-reductone was added thereto,
followed by stirring at room temperature for 2 hours. After confirming that the reaction
had been completed, the methanol was blown off with a decompressor and then the
material was separated by silica gel column chromatography (n—hexane: ethyl acetate =
1: 1) and dried to obtain the desired compound 14b (21.3 mg, 42.8% State.

[0172] 1(2H, m, Ar—-H), 7.05 (1H, t, J = 7.3 Hz, Ar (1H, d, J = 8.3 Hz, -CHOCH3),
5.12 (1H, s, (2H, t, J = 9.2 Hz, -CH2CH2-0OH), 3.94 (2H, m, ~-CH2CH2CH2CH2CH3),
1.45 (4H, CH), 3.04 (1H, t, J = 6.8 Hz, , m, ~-CH2CH2CH2CH2CH3), 1.26 (3H, m, CO
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(CH3) CH), 0.86 (3H, t, J = 6.3Hz, -CH2CH2CH2CH2CH3).

[0173] (2Y]) —2—-methyl-4-methylene—1-oxonan—-3-yl Acetate (15a)

[0174] (2 Y1) —2-methyl-4-methylene—1-oxononan—-3-ylacetate 14a (2—-tert-
butyldimethylsilyloxy) ethyl) indolin— (344 mg, 0.68 mmol) was dissolved in benzene

(7 ml) followed by the addition of 2,3—dichloro—5,6—-dithiano—1,4-benzocycnone

(778.2 mg, 3.42 mmol) Gt; C & It; / RTI & gt; for 12 hours. After confirming that the
reaction was completed, ethyl acetate and water were added to separate the organic
layer. The separated organic layer was washed with an aqueous solution of sodium
chloride, dried over anhydrous magnesium sulfate and concentrated. The resulting
residue was purified by silica gel column chromatography (n—hexane: ethyl acetate = 7:
1), and the material was isolated and dried to obtain the desired compound 15a (85 mg,
24.8%) as an oil.

[0175] 1(2H, m, Ar—-H), 7.72-7.70 (1H, m, Ar-H) (1H, d, J = 7.3 Hz, -CHOCH3),
5.12 (1H, s, (2H, m, ~-CH2CH2-OTBS), 2.11 (3H, s, CHOCOCHS3), 3.93 (2H, m, -
CH2CH2CH2CHZ2CH3), 1.38 (3H, d, J = 7.3 Hz, -CO-CH (CH3), 1.32-1.23 4H, m, -
CH2CHZ2CHZ2CH2CH3), 0.90 (9H, s, -Si— (CH3) 2- (CH3) 3), 0.84 (3H, t, J] = 7.3Hz,
-CH2CHZ2CH2CH2CH3) = 4.89 Hz, -Si- (CH3) 2- (CH3) 3).

[0176] (2Methyl-4—-methylene—1-oxononan—3—ylacetate (15b) & 1t; EMI ID =

[0177] (2 Y1) —2-methyl-4—-methylene—1-oxonan—-3-yl Acetate 15a (88.3 mg, 0.17
mmol) was dissolved in tetrahydrofuran (5 ml) and tetrabutylammonium fluoride (1.76
ml) dissolved in 1.0 M of tetrahydrofuran was added thereto in an ice water bath . After
stirring at room temperature for 2 hours, it was confirmed that the reaction was
completed. An aqueous ammonium chloride solution was added to the reaction mixture
to stop the reaction, and ethyl acetate was added to separate the organic layer. The
separated organic layer was washed with an aqueous solution of sodium chloride, dried
over anhydrous magnesium sulfate and concentrated. The resulting residue was purified
by silica gel column chromatography (n—hexane: ethyl acetate = 1: 1) and the material
was isolated and dried to obtain the desired compound 15b (21.3 mg, 31.3%) as an oil.

[0178] 1(1H, d,J = 7.8 Hz, Ar-H), 7.55 (1H, d, J = 6.84 Hz, Ar-H), 7.38 = 7.3 Hz,
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Ar-H), 7.37 (1H, s, Ar-H), 7.30 (1H, t, J = 7.3 Hz, Ar— (2H, m, 3H), 5.11 (1H, s, —=C

= CH? H?), 4.94 (2H, m, CH 2 CH 2 OH), 2.09 (3H, s, CH 2 CH 2), 3.69 CHOCH3), 2.05
(2H, s, CH2CH2CH2CHZ2CH3), 1.42-1.52 (6H, m, CH2CH2CH2CHZ2CH3), 0.85 (3H, m,
-CH2CH3).

[0179] <Example 10>

[0181] (2Ethyl) —1H-indol-1-yl) —3—-hydroxy—2-methyl-4-methylenenan—1-one
(16a)

[0182] (2 3=hydroxy—-2-methyl-4-methylenenan—1-one 13a ((S) 156 mg, 0.31

mmol) was dissolved in benzene (30 ml), followed by the addition of 2,3—dichloro-5,6-
dithianano—-1,4-benzocycnone (352.8 mg, 1.55 mmol) C & 1t; / RTI & gt; for 12 hours.
After confirming that the reaction was completed, ethyl acetate and water were added to
separate the organic layer. The separated organic layer was washed with an aqueous
solution of sodium chloride, dried over anhydrous magnesium sulfate and concentrated.
The obtained residue was subjected to silica gel column chromatography (n—hexane:
ethyl acetate = 20: 1) to separate the material and dry to obtain the desired compound
16a (102 mg, 73.9%) as an oil.

[0183] 1(1H, d, J = 7.8 Hz, Ar-H), 7.38 (1H, t, J = = 8.31 Hz, Ar—-H), 7.33 (1M, s,
Ar-H), 7.3 (1H, t, J = 6.35 Hz, Ar—-H), 5.28 M, —HC-OH), 3.31 (2H, t, J = 6.35 Hz, -
CH2-OTBS) (1H, m, —-CO-CH (CH3)), 2.94 (1H, t, J = 6.84 Hz, —CH.alpha.H.beta.—
OTBS), 2.93 (H, m, ~-CH2CH2CH2CH2CH3), 1.35 (3H, s, ~CO (CH2CH2CH2CH2) -CH
(CH3) 3), 0.03 (6H, s, —=Si— (CH3) 2), 1.34 (4H, m, ~-CH2CH2CH2CH2CH3), 0.89 -
(CH3) 3).

[0184] (2Preparation of (S), 3S) -3-hydroxy—-1- (3— (2-hydroxyethyl) —1H-
indol—

[0185] (2 Ethyl) —1H-indol-1-yl) —3—hydroxy—2-methyl-4—-methylenenan—1-one

16a (9.9 mg, 0.02 mmol) was dissolved in methanol (2 ml), and a small amount of
pyridine p—toluene-reductone was added thereto, followed by stirring at room
temperature for 2 hours. After confirming that the reaction was completed, the methanol
was blown off with a pressure reducing device and then the material was separated by
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silica gel column chromatography (n—hexane: ethyl acetate = 1: 1) and dried to obtain
the desired compound 16b (6.9 mg, 94.5% State.

[0186] 1(1H, d, J = 7.8 Hz, Ar-H), 7.41-7.31 (3H, m, (1H, s, C = OCH (CH3) CH-
OH), 3.98 (2H, (t, J = 5.8 Hz, -CH2-OTBS), 3.51 (1H, brs, CH-OH), 3.34-3.29 , -
CH2CH2-OTBS), 2.12-2.06 (1H, m, -C = CH.alpha.H.beta.), 2.00-1.94 M, -
CH2CH2CH2CHZ2CH3), 0.90 (3H, t, J = 5.8 Hz, ~-CH2CH2CH2CH3), 1.36 , CH2CH3).

[0187] (2Preparation of (R), 3S) —1- (3- (2- (tert—butyldimethylsilyloxy) ethyl)
indolin—

[0188] (2 3-=hydroxy—-2-methyl-4-methylenenan—-1-one 13a ((S) 250 mg, 0.54

mmol) was dissolved in tetrahydrofuran (15 ml), and then borane—dimethylsulfide (0.5
ml) dissolved in tetrahydrofuran at 2M was added thereto while ice—cooled. After
confirming that the reaction is completed by stirring in an ice water bath for 2 hours, add
methanol (1 ml) and stir for 3 hours. The reaction mixture was blown off using a
pressure reducer, followed by silica gel column chromatography (n—hexane: ethyl
acetate = 15: 1) and the material was isolated and dried to obtain 178 mg (73.4%) of

the desired compound 17a as an oil.

[0189] 1T, J = 7.8 Hz, Ar—-H), 6.66 (1H, t, J = 7.3 Hz, Ar— (1H, d, J = 8.3 Hz, -CH
(CH3) CH- OH), 3.75 (2H, d, J = 5.86 Hz, N-CH2), 3.64-3.54 CH (CH3), 2.84 (1H,
m, CH2CH (CH3), 3.08-2.98 (1H, m, (2H, m, -CH2CHZ2CHZ2CH2CH3), 1.47 (2H, m,
CH3), 2.05 (2H, q, J = 7.8Hz, CH2CHZ2- (CH3) 2-CH3), 0.92 (9H, s, —-Si— (CH3) 2-
(CH3) 3), 0.89 (3H, t, J = 6.8Hz, —-CH2CH2CH2CHZ2CH3), 0.09 (6H, s, —Si— (CH3) 2-
(CH3) 3).

[0190] (2Preparation of (R, 3S) —-1- (3- (2-hydroxyethyl) indolin—-1-yl)

[0191] (2 Y1) —2-methyl-4—-methylenone—3-01 17a (31 mg, 0.06 mmol, ) Was
dissolved in methanol (1.3 ml), and a small amount of pyridine p—toluene—reductone
was added thereto, followed by stirring at room temperature for 3 hours. After
confirming that the reaction was completed, the methanol was blown off with a
decompressor, followed by silica gel column chromatography (n—hexane: ethyl acetate
= 1: 1), followed by separation of the material and drying to obtain the desired

19-07-2018 23

Ex. 2001 - Page136



compound 17b (18.4 mg, 79.8% Oil.

[0192] 1(1H, m, Ar—-H), 6.70 (1H, t,J = 7.3 Hz, Ar— D, J = 7.3 Hz, CH (CH3) CH-
OH), 3.77 (1H, s, — 3.71 (2H, m, N-CH2CH (CH3)), 3.58 (1H, t, J = 8.3 Hz, N- (2H,
m, N-CH2), 2.92 (1H, m, N-CH2CH (CH3), 2.05 m, ~-CH2CH2CH2CH3), 0.91 (3H, s,
-CH2CH (CH3), m, CH2CH2-0OH), 1.83 (2H, m, = C-CH2CH2CH2CH3), 1.47 ), 0.89
(8H, t, J = 7.3Hz, —-CH2CH2CH2CH2CH3).

[0193] (2Preparation of (R), 3S) —1- (3— (2- (tert—butyldimethylsilyloxy) ethyl) —
IH-indol-

[0194] (2 Y1) —2-methyl-4—methylenenan—3-o0l 17a (87.8 mg, 0.19 mmol, ) Was
dissolved in benzene (18 ml), 2,3—dichloro—-5,6—-dithianano—1,4—-benzocycnone (89.43
mg, 0.39 mmol) was added and the mixture was stirred at 60 ° C for 12 hours Lt; / RTI
& gt; After confirming that the reaction was completed, ethyl acetate and water were
added to separate the organic layer. The separated organic layer was washed with an
aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate and
concentrated. The obtained residue was subjected to silica gel column chromatography
(n—hexane: ethyl acetate = 20: 1) to separate the material and dry to obtain the desired

compound 18a (32 mg, 36.6%) as an oil.

[0195] 17.38 (1H, d, J = 7.3 Hz, Ar-H), 7.18 (1H, t, (1H, d, J = 8.3 Hz, Ar—-H), 7.08
(1H, t, J = 7.8 Hz, Ar—-H), 6.97 (1H, s, -C = CH? H?), 4.21 (1H, q, J = 8.3 Hz, N-
CHaHBCH (CH3)), 3.99 (1H, g, J = 8.3 Hz, N-CHaHBCH (2H, t, J = 7.3 Hz,
CH2CH2-0OTBS), 3.83 (1H, d, J = 6.3 Hz, CH M, —~-CH2CH2CHZ2CH3), 0.90 (1H, m, -
CH2CH2CHZ2CH3), 2.27 (1H, (3H, t, J = 7.3Hz, ~-CH2CH2CH2CH2CH3), 0.04 (6H,
CH3) s, =Si— (CH3) 2- (CH3) 3)).

[0196] (2Preparation of (R, 3S) —1- (3—- (2-hydroxyethyl) —1H-indol-

[0197] (2 R, 3S) —-1- (3- (2- (tert-butyldimethylsilyloxy) ethyl) —IH-indol—- Q.08
mmol) was dissolved in tetrahydrofuran (4 ml), and then terephthaloylammonium
fluoride dissolved in 1.0 M of tetrahydrofuran was added in an ice water bath. After
stirring at room temperature for 2 hours, it was confirmed that the reaction was
completed. An aqueous ammonium chloride solution was added to the reaction mixture
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to stop the reaction, and ethyl acetate was added to separate the organic layer. The
separated organic layer was washed with an aqueous solution of sodium chloride, dried
over anhydrous magnesium sulfate and concentrated. The resulting residue was purified
by silica gel column chromatography (n—hexane: ethyl acetate = 1: 1) and the material
was separated and dried to obtain the desired compound 18b (12.02 mg, 36%) as an oil.

[0198] 1(A1H, d, J = 7.8 Hz, Ar-H), 7.38 (1H, d, J = 8.3 Hz, Ar—J = 8.3 Hz, Ar-H),
7.11 (1H, t, J = 7.8 Hz, Ar—-H), 7.04 (1H, s, -C = CHaHP), 4.23 (1H, q, J = 8.3 Hz,
N-CHaHBCH (CH3)), 4.02 (1H, g, J = 7.3Hz, N-CHaHBCH (2H, t, J = 6.3Hz,
CH2CH2-0OH), 2.31-2.26 (1H, (1H, m, -CH2CH (CH3)), 1.90 (1H, m, C-
CHaHBC4H11) ), 1.30-1.17 (6H, m, ~-CHZ2CH2CHZ2CHZ2CH3), 0.857 (3H, s, CH2CH
(CH3), 0.84 (3H, s, —-CH2CH2CHZ2CHZCH3).

[0199] Experimental Example 1 IL.-6 mediated luciferase inhibitory activity

[0200] <1-1> Preparation of transformant

[0201] 96 HepG2 cells (ATCC HB-8065) were dispensed at 5 x 104 cells / well into
well plates, and then 10% FBS (v / v), 60.0 mg / | kanamycin sulfate (Gibco. were

cultured in DMEM culture medium containing 1 L sodium bicarbonate (NaHCO3; Sigma,
USA) at a temperature of 37 °© C and 5% CO 2 until the culture dish was confluent at

80%. Subsequently, the mixture was exchanged with 50 ul of serum—-free medium, and

a mixture of 0.1 ng pSTAT3-TA-Luc (Clontech, CA) and 0.3 pl lipofectamine reagent
(Invitrogen, USA) was added to each well. “TA-Luc was transfected and replaced with
freshly prepared 200 [mu] 1 DMEM culture medium and incubated for an additional 24
hours.

[0202] <1-2> IL.-6 and IL-11 reactive STAT3 reporter gene test

[0203] The transfected cells were serum-starvated with 1% BSA / DMEM, treated with
lng/mlIL-6 (R & D system, USA) for 3 hours .

[0204] 1: Negative control group (untreated group);
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[0205] 2: Positive control (I.-6 10 ng / ml);

[0206] 3: Compounds (0.3, 1, 3, 10, 30, 100 [mu] M); And

[0207] 4: Madindoline (0.3, 1, 3, 10, 30, 100 [mu] M)

[0208] The cells were washed with PBS and mixed with 50 ul lysis buffer (luciferase
assay system, promega, USA) for 1 min. Then, 30-100 ul of luciferase assay system
(promega, USA) The degree of color development was measured with a luminometer
(EG & G BERTHOLD, USA) within 5 minutes.

[0209] The IC50 values of the IL-6-induced luciferase inhibitory activity of each
compound were as shown in Fig. 1 and compound 4d showed the IL—-11 induced
luciferase inhibitory activity as a concentration—dependent manner, and the IC50 value
thereof was 2.1 mM.

[0210] <1-3> STAT3 phosphorylation inhibition activity induced by IL-6

[0211] 6 HepG2 cells were plated in a well plate at a density of 5 x 10 & It; 4 & gt; cells
/ well and cultured in a culture dish to a full 80%, then exchanged with serum—{ree

medium for another 6 hours and treated for 30 minutes as described below.

[0212] 1: Negative control group (untreated group);

[0213] 2: Positive control (20 ng / ml of IL-6); And

[0214] 3: Compound 4d treated group (1, 3, 0.39, 10, 30 and 100 [mu] M)

[0215] Then, the cells were treated with 20 ng / ml of 11.-6 for 10 minutes and then
lysed in 40 ¢ lysis buffer [pH 8, 20 mM Tris—HCI, 137 mM NaCl, 10% glycerol, 1%
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Triton X-100, 1 mM Na3V04, 2 mM EDTA, 1 mM PMSF, 20 mM leupeptin, 20 [mu] g /
ml aprotonin; Sigma, USA |, followed by centrifugation (13000 g, 15 minutes) to obtain a
supernatant in which protein was dissolved. At this time, samples and HepG2 cells not
treated with IL—-6 were used as a control group. Protein concentration was determined
using a DC protein test kit (Bio—Rad, USA) and the protein was loaded onto 10% SDS
polyacrylamide gel (SDS-PAGE) and electrophoresed at 30 mA for 2 hours. After
electrophoresis, the proteins of the gel were transferred to a PVDF membrane (Westran
S, pore size 0.2 mm; Whatman, USA) at 90 V for 90 minutes. The transferred membrane
was blocked with Tris—buffer (T-TBS; 50 mM Tri—HCI, pH 7.6, 150 mM NaCl, 0.2%
Tween—-20, 5% skim milk; Sigma, USA) for 12 hours at 4 ° C And washed 5 times with
T-TBS. The membrane was treated with phospho—-STAT3 (1: 1000 dilution) polyclonal
antibody as primary antibody for 2 hours. After washing 5 times with T-TBS, HRP-
conjugated anti—rabbit antibody (1: 5000 dilution) was reacted with secondary antibody
for 1 hour. After washing with T—-TBS, the film was developed in an dark room using
ECL kit (Amersham, USA).

[0216] As a result, as shown in FIG. 3, the compound of Chemical Formula 1 of the
present invention showed IL-6-induced STAT3 phosphorylation inhibitory activity.

[0217] <1-4> IL.-6-induced JAK2 and gp130 phosphorylation inhibitory activity

[0218] 6 HepG2 cells were plated in a well plate at a density of 5 x 10 & 1t; 4 & gt; cells
/ well and cultured in a culture dish to a full 80%, then exchanged with serum—{ree
medium for another 6 hours and treated for 30 minutes as described below.

[0219] 1: Negative control group (untreated group);

[0220] 2: Positive control (20 ng / ml of I1.-6); And

[0221] 3: Compound 4d treated group (1, 3, 0.39, 10, 30 and 100 [mu] M)

[0222] Then, the cells were treated with 20 ng / ml of IL-6 for 10 minutes and then
lysed in 40 ¢ lysis buffer [pH 8, 20 mM Tris—HCI, 137 mM NaCl, 10% glycerol, 1%
Triton X—=100, 1 mM Na3VO04, 2 mM EDTA, 1 mM PMSF, 20 mM leupeptin, 20 [mu] g /
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ml aprotonin; Sigma, USA], followed by centrifugation (13000 g, 15 minutes) to obtain a
supernatant in which protein was dissolved. The anti—-JAKZ antibody and anti—gp130
antibody (Cell signaling, INC.) At 4 ° C for 12 hours, and then precipitated with protein
A / G plus agarose (Santa Cruz Biotechnology, USA). After centrifugation, the
precipitate was washed three times with buffer solution and used as an electrophoresis
sample. At this time, IL-6 and non—-specimen treated HepG2 cells were used as a
control. Protein concentration was determined using a Bio—Rad DC protein assay kit.
Proteins were loaded on 8% SDS-polyacrylamide gels (SDS-PAGE) and
electrophoresed at 30 mA for 2 h. After electrophoresis, gel proteins were transferred
to PVDF membrane (WeatranS, pore size 0.2 mm) at 80 V for 90 minutes. The
transferred membrane was blocked with Tris—buffered solution (T-TBS; 50 mM Tri-
HCI, pH 7.6, 150 mM NaCl, 0.2% Tween—20, 5% skim milk) for 12 hours at4 ° C, 5
times. The membranes were treated with polyclonal antibodies of phospho—tyrosine
antibodies (1: 1000 dilutions, respectively) as primary antibodies for 2 h. After washing
5 times with T-TBS, HRP-conjugated anti—-mouse antibody (1: 5000 dilutions) was
reacted with secondary antibody for 1 hour.

After washing with T-TBS, the film was developed with ECL in a dark room. As a
result, as shown in FIG. 4, the compound of formula (I) of the present invention showed
IL-6 induced JAKZ and gp130 phosphorylation inhibitory activity.

[0223] <1-5> Effect of compound 4d on insulin—induced adipogenesis

[0224] 3 T3L1 cells were replaced with differentiation medium (containing 5 mg / ml
insulin, 1 mM dexamethasone, and 0.5 mM IBMX) two days before confluence in a 24
well cell culture plate and changed into differentiation medium every 2 days for 8 days .
At this time, cells that did not use a differentiation medium or cells that had been treated
with IL-6 or I[LL—6 alone in the differentiation medium, and cells that were treated with
ILL-6 and IL-6 in the differentiation medium were compared.

3

The cells were washed with PBS, fixed with PBS solution containing 3.7% formaldehyde,
treated with Oil Red O dye and stained for 1 hour. And washed with 25% isopropanol
and observed under a microscope. As a result, as shown in FIG. 5, the compound of
Chemical Formula 1 of the present invention showed an activity of restoring the IL—-6
effect which inhibits insulin—induced adipogenesis.
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1.

Wherein R 1 is hydrogen or substituted or unsubstituted C 1-10 alkyl, and R 2 is
hydrogen or a straight—chain or branched alkyl group having 1 to 10 carbon atoms, or a
pharmaceutically acceptable salt thereof, , Branched or cyclic alkyl, R3 is hydrogen, or
straight chain, branched or cyclic alkyl of C1-10, or substituted or unsubstituted benzyl;
R4 is hydrogen, or straight, branched or cyclic alkyl of C1-10, Or unsubstituted benzyl,
X is hydrogen, halogen, hydroxy, methoxy, substituted or unsubstituted C1-10 alkyl, Y
is hydrogen or oxygen, Z is hydroxy, C1-10 alkoxy, —OCOCHS3 Or oxygen; And the
above is a single or double bond.

2.

3. A compound according to claim 1, wherein R1 is hydroxyethyl or tert—
butyldimethylsilyloxyethyl, R2 is C1-5 straight—chain, branched or cycloalkyl, R3 is
hydrogen, X is hydrogen, halogen, hydroxy, methoxy, substituted or unsubstituted alkyl,
Y is hydrogen or oxygen, Z is hydroxy, C1-5 alkoxy, —~-OCOCHS3, or oxygen ; And
wherein said is a single or double bond, or a pharmaceutically acceptable salt thereof.

3.

The compound of claim 1, wherein the compound is selected from the group consisting
of: (1) (2S, 39) -1- (83— (2- (tert— butyldimethylsilyloxy) ethyl) indolin— (2S, 3S) —

1- (8- (2- (tert—-butyldimethylsilyloxy) ethyl) indolin—-1-yl) (2S, 3S) -1- (3—- (2-
(tert—butyldimethylsilyloxy) ethyl) —1H- indol— 1 —yl) — methylene—1-oxononan—

19-07-2018 1
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(28, 3S) -1- (8- (2-hydroxyethyl) —1H-indol-1-yl) -2 (2S, 3S) -1- (3— (2—-
(tert—butyldimethylsilyloxy) ethyl) —1H-indole—-1 6) (2S, 3S) -3-hydroxy—-1- (3-
(2-hydroxyethyl) —1H- (2R, 3S) —-1- (3—- (2- (tert—butyldimethylsilyloxy) ethyl)
indolin—1 Methyl-4—-methylenone—-3-o0l, 8) (2R, 3S) —-1- (3— (2— (tert—
butyldimethylsilyloxy) ethyl) Y1) —2— 3-0l, 9) (2R, 3S) —-1- (3- (2-hydroxyethyl) —
1H-indol- 3-o0l, 10) (2S, 3S) —=3-hydroxy—-1- (3— (2- hydroxyethyl) indolin— 11)
Synthesis of (2S, 3S) -1- (3- (2-hydroxyethyl) indolin-1-y1) 2R, 3S) -1- (3- (2-
hydroxyethyl) indolin—1-yl) —2-methyl-4—methylenenonan—-3-ol or a
pharmaceutically acceptable salt thereof. Possible salts.

4.
A pharmaceutical composition for the prophylaxis and treatment of inflammatory
diseases or cancer, comprising a compound of any one of claims 1 to 3 or a

pharmaceutically acceptable salt thereof.

o.

5. The composition of claim 4, wherein the inflammatory disease or cancer is caused by
IL-6 or IL-11.

6.

5. The method of claim 4, wherein the inflammatory disease is selected from the group
consisting of rheumatoid arthritis, osteoporosis, transglottial hyperplasia,
hyperimmunoglobulinemia, anemia, nephritis, cachexia, angiosclerosis, multiple
sclerosis, uveitis, chronic thyroiditis, , Systemic lupus erythematosis, Crohn's disease,

pancreatitis, psoriasis, burning idiopathic atrophy, diabetes and Alzheimer's.

7.

The method of claim 4, wherein the cancer is selected from the group consisting of
pancreatic cancer, breast cancer, prostate cancer, brain tumor, head and neck
carcinoma, melanoma, myeloma, melanoma, leukemia, lymphoma, liver cancer, gastric
cancer, colon cancer, ovarian cancer, ovarian cancer, Renal cell carcinoma, kidney cell
carcinoma, renal pelvic carcinoma, and central nervous system tumor. The present
invention also relates to the use of a compound of formula (I) or a pharmaceutically
acceptable salt thereof. Wherein the cancer is selected from the group consisting of.
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Sir:
Pursuant to the duty of disclosure under 37 C.F.R. §§ 1.56, 1.97 and 1.98, the undersigned

requests consideration of this Information Disclosure Statement.

PART I: Compliance with 37 C.F.R. § 1.97

This Information Disclosure Statement has been filed within three months of the filing date
of a national application other than a continued prosecution application under 37 C.F.R. § 1.53(d).

No fee or certification is required.

PART II: Information Cited

The undersigned hereby makes of record in the above-identified application the information
listed on the attached form PTO-1449 (modified PTO/SB/08). The order of presentation of the
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PART III: Remarks

Documents cited anywhere in the Information Disclosure Statement are enclosed unless

otherwise indicated. It is respectfully requested that:

1. The Examiner consider completely the cited information, along with any other
information, in reaching a determination concerning the patentability of the present claims;

2. The enclosed form PTO-1449 (modified PTO/SB/08) be signed by the Examiner to
evidence that the cited information has been fully considered by the United States Patent and
Trademark Office during the examination of this application;

3. The citations for the information be printed on any patent which issues from this

application.

By submitting this Information Disclosure Statement, the undersigned makes no
representation that a search has been performed, of the extent of any search performed, or that more
relevant information does not exist.

By submitting this Information Disclosure Statement, the undersigned makes no
representation that the information cited in the Statement is, or is considered to be, material to
patentability as defined in 37 C.F.R. § 1.56(b).

By submitting this Information Disclosure Statement, the undersigned makes no
representation that the information cited in the Statement is, or is considered to be, in fact, prior art
as defined by 35 U.S.C. § 102.

Notwithstanding any statements by the undersigned, the Examiner is urged to form his or her
own conclusion regarding the relevance of the cited information.

An early and favorable action is hereby requested.
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Description

[0001] The present invention relates to codon optimized sgp130 encoding nucleic acid molecules as well as a method
for the highly efficient recombinant production of sgp130 in mammalian cells or bacteria using a nucleic acid molecule
of the invention.

[0002] For the treatment of various diseases such as Crohn’s disease etc. the specific blocking of IL-6 responses
dependent on soluble IL-6R might be desirable for treatment. It was found that a soluble gp130-dimer, in particular an
IgG-Fc fusion protein or a PEGylated version of sgp 130, efficiently inhibits the anti-apoptotic effect of sIL-6R from LPMC
from Crohn’s disease (CD) patients and that, thus, said compound is useful for the treatment of said disease and related
diseases like, e.g., colitis or rheumatoid arthritis. Unfortunately, so far the recombinant production of sgp130 is difficult
in particular due to the fact that only low amounts of protein can be obtained

[0003] Thus, the technical problem underlying the present invention was to provide means allowing to improve the
efficiency of recombinant production of sgp130Fc or sgp130(D1-D3).

[0004] The solution of the said technical problem is achieved by providing the embodiments characterized in the
claims. During the experiments leading to the present invention it was found that by use of particular codon optimized
versions of the DNA encoding sgp130Fc the yields of recombinant protein can be increased at least 10- to 20-fold
compared to the unmodified version of the DNA. In case of the prokaryotic sgp130(D1-D3) version, the optimization of
the DNA led to the reduction of undesired shorter side products.

Brief description of the drawings
[0005]

Figure 1: Schematic presentation of the constructs

Grey shedding marks the parts of the protein which have been optimized. (A) Eukaryotic construct comprising a
signal peptide, six extracellular gp130 domains and the IgG-Fc part. (B) Variations of the sgp 130 protein expressed
in prokaryotic cells. sgp130 can be expressed with or without N-terminal leader sequence and/or C-terminal Tag
for purification purposes.

Figure 2: sgp130(D1-D3) (nucleotide sequence and amino acid sequence) for expression in bacterial cells
An alignment of the nucleotide sequence with optimized codons (sgp130(D1-D3)_opt) vs. the original sequence
(sgp130(D1-D3)_wt) is shown.

Figure 3: sgp130Fc (nucleotide sequence and amino acid sequence) for expression in mammalian cells
An alignment of the nucleotide sequence with optimized codons (sgp130Fc_opt) vs. the original sequence
(sgp130Fc_wt) is shown.

Figure 4: Detection of sgp130Fc after transient transfection of HEK293 cells (A) or CHO cells (B) with wildtype or
optimized (opt) sgp130Fc expression plasmids

The position of sgp130Fc is indicated by arrows (). Wildtype and optimized sgp130Fc expression was detected
in two independent transfection experiments each. The different sizes of the protein (left panel) result fromthe leader
sequence which has been partially cleaved off after secretion into the medium. The right panel represents the results
derived from whole cell extracts from CHO cells (sgp130Fc with leader sequence).

Figure 5: Detection of RNA transcribed from transfected plasmid DNA (sgp130Fc; neomycin resistance gene
(NeoR)) by gene-specific RT-PCR

HEK293 cells were transfected with an expression plasmid encoding either wildtype or optimized sgp130Fc. In
addition both plasmids encoded a neomycin resistance gene (NeoR). Transfection of the empty vector (mock) or
non-transfected cells (control) served as negative controls. 3-actin was amplified from total RNA to demonstrate the
use of equal amounts of RNA in each single experiment.

Figure 6: Expression of sgp130(D1-D3) in BL21(DE3)pLys bacteria

The cDNA encoding sgp130(D1-D3) was cloned into the expression plasmid pET22b (Invitrogen, Carlsbad, CA,
USA) which in addition encodes a leading pelB sequence and a C-terminal His-tag. sgp130(D1-D3) was detected
by western blot with a His-specific antibody and marked with an arrow ().

[0006] Thus, the present invention relates to a nucleic acid molecule encoding sgp130 comprising the nucleic acid
sequence (a) as depicted in Figure 2 (sgp130({D1-3)_opt) or Figure 3 (sgp130Fc_opt) or (b) a fragment or analogue
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thereof which maintains the codon usage pattern thereof.

The letter "s" of sgp130 means "soluble”. The term "scluble" as used herein refers to a gp130 molecule lacking the
intracellular domain and the transmembrane domain. The domains utilized in sgp130(D1-D3)_opt consist of the first
three extracellular domains D1-D3 of gp130.

[0007] The term "fragment" as used herein refers to sgp130 fragments which comprise the entire or smaller parts of
the optimized cDNA encoding the extracellular domain of gp130Q. Preferably, such fragments show a biological activity
of the full length molecule, e. g. maintain the ability to inhibit the activity of the agonistic complex IL-6/sIL-6R. For the
expression in bacteria such fragment also comprises sgp130 without the eukaryotic secretory leader sequence (MLT-
LOTWWQALFIFLTTESTG, Pos. 1 to 22). Moreover, a prokaryotic secretory leader sequence, e. g. pelB or OmpA could
be cloned in front of the sgp130 sequence or parts of it and could be derived from the respective suitable expression
plasmid, e. g. pET22b (Merck Biosciences GmbH, Bad Soden, Germany), pASK-IBA2, pASK-IBA12 (IBA, Goettingen,
Germany). In addition the sgp130 protein can be expressed with or without Tag for purification purposes, e. g. Hisg,
Strep, Myc or others.

[0008] The term "analogue” as used herein refers to a nucleic acid molecule which encodes the same amino acid
sequence but which, through the redundancy of the genetic code, has a different nucleotide sequence. The term "codon
usage pattern” as used herein refers to the average frequencies in the nucleotide sequence, e.g., highly expressed
mammalian genes. Codon usage patterns for mammals, including humans can be found in the literature; see, e.g.,
Nakamura et al., Nucleic Acids Research 1996, 24:214-5. In the nucleic acid molecules of the present invention, the
codon usage pattern is altered to more closely represent the codon bias of the host organism, e.g. a mammalian cell.
[0009] Alternatively, the present invention relates to a nucleic acid molecule, wherein at least 80%, preferably at least
90%, more preferably at least 95% and, most preferably at least 98% of the codons altered in the nucleic acid sequence
of Figure 2 or 3 vs. the wild type sequence are present.

[0010] In a preferred embodiment, the nucleic acid molecule of the present invention is a DNA molecule.

[0011] The present invention includes expression vectors that comprise the nucleic acid molecules of the invention.
The expression vectors can be constructed according to methods well known to the person skilled in the art; see, e.g.,
Sambrook, Molecular Cloning A Laboratory Manual, Cold Spring Harbor Laboratory (1989) N.Y. The "control elements”
or "regulatory sequences” used for recombinant expression are those non-translated regions of the vector-enhancers,
promoters, 5’ and 3’ untranslated regions which interact with host cellular proteins to carry outtranscription and translation.
Such elements may vary in their strength and specificity. Depending on the vector system and host utilised, any number
of suitable transcription and translation elements, including constitutive and inducible promoters, may be used. In mam-
malian cell systems, promoters from mammalian genes or from mammalian viruses are preferable. Promoters and other
expression regulation signals may be selected to be compatible with the host cell for which expression is designed. For
example, mammalian promoters include the metallothionein promoter, which can be induced in response to heavy metals
such as cadmium, and the B-actin 30 promoter. Viral promoters such as the SV40 large T antigen promoter, human
cytomegalovirus (CMV) immediate early (IE) promoter, rous sarcoma virus LTR promoter, adenovirus promoter, or a
HPV promoter, particularly the HPV upstream regulatory region (URR) may also be used. All these promoters are well
described and readily available in the art.

[0012] In mammalian host cells, a humber of viral-based expression systems may be utilised. In cases where an
adenovirus is used as an expression vector, sequences encoding the polypeptide(s) of the present invention may be
ligated into an adenovirus transcription/translation complex consisting of the late promoter and tripartite leader sequence.
Insertion in a non-essential E1 or E3 region of the viral genome may be used to obtain a viable virus which is capable
of expressing the antibody in infected host cells (Logan, J. and Shenk, T. (1984) Proc. Natl. Acad. Sci. 81:3655-3659).
In addition, transcription enhancers, such as the Rous sarcoma virus (RSV) enhancer, may be usedto increase expression
in mammalian host cells.

[0013] Further examples of suitable viral vectors, include herpes simplex viral vectors, vaccinia or alpha-virus vectors
and retroviruses, including lentiviruses and adenc-associated viruses. Gene transfer techniques using these viruses are
known to those skilled in the art. Retrovirus vectors for example may be used to stably integrate the nucleic acid molecules
of the invention into the host genome, although such recombination is not preferred. Replication-defective adenovirus
vectors by contrast remain episomal and therefore allow transient expression. If it is necessary to generate a cell line
that contains multiple copies of the sequence encoding the spg130 polypeptides, vectors based on SV40 or EBV may
be used with an appropriate selectable marker.

[0014] Human artificial chromosomes (HACs) may also be employed to deliver larger fragments of DNA than can be
contained and expressed in a plasmid. HACs of 6 to 10 M are constructed and delivered via conventional delivery
methods (liposomes, polycationic amino polymers, or vesicles) for therapeutic purposes.

[0015] Specific initiation signals may also be used to achieve more efficient translation. Such signals include the ATG
initiation codon and adjacent sequences. In cases where sequences encoding the sgp130, its initiation codon, and
upstream sequences are inserted into the appropriate expression vector, no additional transcriptional or translational
control signals may be needed. However, in case where only a coding sequence for a fragment is inserted, exogenous
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translational control signals including the ATG initiation codon should be provided. Furthermore, the initiation codon
should be in the correct reading frame to ensure translation of the entire insert. Exogenous translational elements and
initiation codons may be of various origins, both natural and synthetic. The efficiency of expression may be enhanced
by the inclusion of enhancers which are appropriate for the particular cell system which is used, such as those described
in the literature (Scharf, D. et al. (1994) Results Probl. Cell Differ. 20:125-162).

[0016] In addition, a host cell strain may be chosen for its ability to modulate the expression of the inserted sequences
or to process the expressed polypeptide chains in the desired fashion. Post-translational processing which cleaves a
"prepro” form of the polypeptide may also be used to facilitate correct insertion, folding and/or function. Different mam-
malian host cells which have specific cellular machinery and characteristic mechanisms for post-translational activities
(e.g., CHO, HelLa, MDCK, HEK293, 293, COS-7 and W138), are available from the American Type Culture Collection
(ATCC,; Bethesda, Md.) and may be chosen to ensure the correct modification and processing of the foreign polypeptide
chains.

[0017] Forlong-term, high-yield production of sgp130, stable expression in mammalian cells is preferred. Forexample,
cell lines which stably express sgp130Fc may be transfected using expression vectors which may contain viral origins
of replication and/or endogenous expression elements and one or more selectable marker genes on the same or on a
separate vector. Following the introduction of the vector, cells may be allowed to grow for 1-2 days in entiched media
before they are switched to selective media. The purpose of the selectable marker is to confer resistance to selection,
and its presence allows growth and recovery of cells which successfully express the introduced sequences. Resistant
clones of stably transformed cells may be proliferated using tissue culture techniques appropriate to the cell type.
[0018] After the introduction of the recombinant vector(s), the host cells are grown in a selective medium, which selects
for the growth of vector-containing cells. Any number of selection systems may be used to recover transformed cell
lines. These include, but are not limited to, the herpes simplex virus thymidine kinase (Wigler, M. et al. (1977) Cell 11:
223-32) and adenine phosphoribosyltransferase (Lowy, . et al. {1980) Cell 22:817-23) genes which can be employed
in tk.sup.- or aprt.sup.- cells, respectively. Also, antimetabolite, antibiotic or herbicide resistance can be used as the
basis for selection; for example, dhfr which confers resistance to methotrexate (Wigler, M. et al. (1980) Proc. Natl. Acad.
Sci. 77:3567-70Q); npt, which confers resistance to the aminoglycosides neomycin and G-418 (Colbere-Garapin, F. et al
(1981) J. Mol. Biol. 150:1-14) and als or pat, which confer resistance to chlorsulfuron and phosphinotricin acetyltrans-
ferase, respectively (Murry, supra). Additional selectable genes have been described, for example, trpB, which allows
cells to utilise indole in place of tryptophan, or hisD, which allows cells to utilise histinol in place of histidine (Hartman,
S. C. and R. C. Mulligan (1988) Proc. Natl. Acad. Sci. 85:8047-51). Recently, the use of visible markers has gained
popularity with such markers as anthocyanins, beta-glucuronidase and its substrate GUS, and luciferase and its substrate
luciferin, being widely used not only to identify transformants, but also to quantify the amount of transient or stable protein
expression attributable to a specific vector system (Rhodes, C. A. et al. (1995) Methods Mol. Biol. 55:121-131).
[0019] The person skilled also knows vectors and host cells for bacterial expression, e.g. bacteriophage, plasmid, or
cosmid DNA expression vectors. Vectors suitable for use in the present invention include, but are not limited to the pSKK
expression vector for expression in bacteria. Depending on the vector system and host utilised, any number of suitable
transcription and translation elements, including constitutive and inducible promoters, may be used. For example, when
cloning in bacterial systems, inducible promoters such as the hybrid /acZ promoter of the Bluescript. RTM. phagemid
(Stratagene, LaJolla, Calif.) or pSport1.TM. plasmid (Gibco BRL) and the like may be used.

[0020] Purification of the recombinant sgp130 is carried out by any one of the methods known for this purpose, i.e.,
any conventional procedure involving extraction, precipitation, chromatography, electrophoresis, or the like. A further
purification procedure that may be used is affinity chromatography using monoclonal antibodies which bind the target
polypeptide or a Tag fused to it, e.g., His, Strep or Myc, and which are produced and immobilized on a gel matrix
contained within a column. Impure preparations containing the recombinant sgp130 are passed through the column.
The sgp130 will be bound to the column by the specific antibody while the impurities will pass through. After washing
the polypeptide is eluted from the gel by a change in pH or ionic strength and can then, if desired, dimerized and/or
PEGylated.

[0021] Accordingly, the present invention also relates to a method of producing the sgp130 of the present invention,
comprising culturing a host cell transformed with a nucleic acid molecule of the invention and recovering the sgp130
polypeptide from said host cell or the culture.

[0022] The sgp130polypeptide produced from a nucleic acid molecule of the presentinvention is useful in the treatment
and/or prevention of all the pathologies, in which the activity of the agonistic complex IL-6/sIL6R must be inhibited, e.g.,
for the treatment/prevention of bone resorption, hypercalcemia, cachexia, tumours (such as colon cancer), autoimmune
diseases (e.g. systemic lupus erythematosis, SLE), chronic inflammations (such as Crohn’s disease or rheumatoid
arthritis) and bacterial or viral infections.

[0023] The below examples explain the invention in more detail.
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Example 1: Material and Nethods

(A) Construct and transfection

[0024] The cDNA encoding either wildtype or optimized sgp130Fc was cloned into the expression plasmid pDEST40
(Invitrogen, Catrlsbad, CA, USA) according to standard procedures. The wildtype sequence was derived from an ex-
pression plasmid which has been described in Jostock et al., Eur. J. Biochem. 268 (2001), 160-7 (Figure 1; upper panel).
The construct was sequence verified. 3 x 105 HEK293 cells were transiently transfected with 1 g of plasmid and 3 pl
of Fugene (Roche Diagnostics, Mannheim, Germany) in 3 ml of medium according to the manufacturer’'s manual. The
cells were subsequently incubated for 24 h at 37°C and supernatants and cells were harvested for further preparations
of either total proteins or RNA, respectively.

[0025] One set of cells was transfected with the empty vector (mock), another set of cells was left untransfected
(control). Both sets served as negative controls.

(B) Protein extraction and western blot

[0026] The sgp130Fc protein was precipitated from the cell supernatants by adding 20 pl of Protein-A/G-Plus Agarose
(Santa Cruz, CA, USA). The slurry was incubated overnight at 4°C and finally centrifuged. Bound proteins were extracted
by boiling the agarose pellet in SDS sample buffer for 5 minutes at 100°C. In parallel the cells were scraped from the
plates using a rubber policeman, harvested in 100 p.l of PBS and centrifuged. All protein samples were separated on a
standard acrylamide gel, transferredto a PDVF-membrane by semi-dry blotting and stained with a gp130-specific antibody
(Ho6lzel Diagnostika, KéIn, Germany). 50 ng of recombinant sgp130 served as positive control (sgp130).

(C) BRNA extraction

[0027] Total RNA was exiracted from the cell pellets using a RNeasy Mini kit (Qiagen) according to the manufacturer’s
instructions. The following primers were used to determine RNA transcribed from the transfected plasmid DNA by
RT-PCR: sgp130Fc_f: 8-ATGAGGTGTGAGTGGGATGG-3’, sgp130Fc_r: 5-ACCTTGCACTTGTACTCCTTGC-3’; ne-
omycin resistance gene NeoR_s: 5-GATGCCTGCTTGCCGAATATC-3’; NeoR_r: 5-CGCCAAGCTCTTCAG-
CAATATC-3'. Total RNA was initially reverse transcribed and the cDNA was amplified by 30 cycles of 30 seconds at
95°C followed by 2 minutes at 57°C and a final elongation step of 5 minutes at 72°C. Expected amplicon sizes: gp130:
1.712 bp, NeoR: 133 bp. The amplification of NeoR was performed to document an equal transfection efficiency of the
plasmid. In addition, B-actin was amplified to demonstrated the use of equal amounts of total RNA in each experiment.

Example 2: Highly efficient recombinant production of sgp130Fc in HEK293 cells

[0028] Figure 4 demonstrates that in comparison to the wildtype expression plasmid the production of sgp130Fc was
increased at least 10 to 20-fold in HEK293 cells transfected with the optimized sgp130Fc expression plasmid. On the
RNA level (Figure 5) a similar increase of sgp130Fc expression was detected with the optimized construct. This elevation
of sgp130Fc RNA amounts was not due to a different transfection efficiency as shown by equal amounts of RNA encoded
by the neomycin resistance gene which was also located on the expression plasmid.

[0029] Theresultsindicate thatthe significantincrease of sgp130Fc production after optimization of the cDNAsequence
is partially based on an improved codon usage during translation but is mainly derived from the elevation of the corre-
sponding RNA levels. This might be due to a more efficient transcription or a higher stability of the RNA.

Example 3: Highly efficient recombinant production of sgp130(D1-D3) in bacteria

(A) Constructs and transformation

[0030] The cDNA encoding either wildtype or optimized sgp130(D1-D3) was cloned into the prokaryotic expression
plasmid pET22b (Merck Biosciences GmbH, Bad Soden, Germany) according to standard procedures. The D1-D3
fragment was amplified afore from the pSVL-sgp130Fc plasmid described in Jostock et al. 2001. The construct was
sequence verified and transformed into BL21(DES3)pLys bacteria (Invitrogen, Carlsbad, CA, USA).

(B) Protein expression and western blot

[0031] 10 ml of bacterial suspension were diluted at 1:100 with LB-medium and grown at 30°C overnight until the
ODggo nm reached a value of 0.3 (250 rpm). Protein expression was induced by the addition of 0.3 mM of IPTG (Isopro-
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pyl-beta-D-thiogalactopyranoside) (Qiagen, Hilden, Germany) and further incubation of the cells overnight at 25°C. The
cells were pelleted by centrifugation at 4°C and 4600 rpm for 30 minutes and the pellet was resuspended in 1 ml PBS
(PAA Laboratories GmbH, Célbe, Germany). Disruption of the cells was performed by sonication (3 x 30 sec, 10% cycle,
20% power) with a Bandelin Sonoplus HD 2070 sonicator. Insoluble material was pelleted at 13.000 rpm and 4°C for
30 min and the pellet was resuspended in 1 ml of urea buffer (50 mM NaH,PQ,, 8 M urea, pH8). An aliquot was diluted
at 1:100 and subsequently analyzed by SDS PAGE according to standard protocols. His-tagged target proteins were
detected with an anti-PentaHis antibody (Qiagen, Hilden, Germany).

(C) Results

[0032] Whereas the wildtype sequence generated a second shorter form of sgp130(D1-D3) (Figure 6, left lane) this
by-product was not observed with the optimized cDNA (Figure 6, right lane). This unwanted variation of sgp130(D1-D3)
is generated by further alternative transcriptional and translational start sides which have been eliminated by codon
modifications in the optimized cDNA sequence. Subsequently the efficiency to produce the desired protein with the right
size was increased at least at a factor of 3-fold.
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SEQUENCE LISTING
conaris research institute AG
optimized nucleotide sequences encoding sgpl30
C 1028kp

EP 04020455.4
2004-08-27

13

patentIn version 3.2

1

22

PRT

Artificial sequence

secretory leader sequence of sgpl30
1

get teu Thr Leu GIn Thr Trp val val EAn Ala Leu Phe Ile ghe Leu
5

Thr Thr Glu ggr Thr Gly

<210>
<211>
<212>
<213>

<220>
<223>

<400>

2

20

DNA

Artificial sequence

Primer
2

atgaggtgtg agtgggatgg 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

3

22

DNA

Artificial sequence

Primer

3

accttgcact tgtactcctt gc 22

<210>
<211>
<212>

<213> -

<220>
<223>

<400>

4

21

DNA‘ L.

Artificial sequence
Primer

4

gatgcctget tgccgaatat ¢ 21
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tc

<210> 5

<211> 22

<212> DNA |

<213> Artificial sequence
<220>

<223> Primer

<400> S

cgccaagctc ttcagcaata
<210> 6

<211> 918

<212>

DNA
<213> sgpl30(di-p3)_wt

<400> 6
atggaactgc tggacccgtg

agcaatttca ccgcggtttg
gcgaactaca ttgtgtggaa
attaaccgta ccgcgagcag
acctgcaaca ttctgacctt
agcggectge cgecggaaaa
atgcgectgeg aatgggatgg
agcgaatggg cgacccacaa
tgcaccgttg attacagcac
aacgccctgg gtaaagtcac
ccgaatccge cgcataatct
ctgacctgga ccaacccgag
cgcaccaaag atgccagcac
agcagcttca ccgttcagga
atgaaagaag atggtaaagg

tatgaagatc gtccgtga

<210> 7
<211> 918
<212> DNA

cggttatatc
tgtgctgaaa
aaccaaccat
cgttaccttt
cggtcaactg
accgaaaaat
tggtcgcgaa
atttgcggat
cgtgtacttc
cagcgatcat
gagcgtgatc
cattaagagc
ctggagccag
tctgaaaccg

ctactggagc

<213> Artificial sequence

<220>

<223> sgpl30(p1-p3)_opt

<400> 7
atggaacttc tagatccatg

tctaatttca ctgcagtttg
gctaattaca ttgtctggaa

ataaacagaa cagcatccag

tggttatatc
tgtgctaaag
aacaaaccat

tgtcaccttt

agcccqgaaa
gagaagtgta
ttcaccatcc
accgatatcg
gaacagaatg
ctgagctgea
acccacctgg
tgcaaagcga
gtgaacattg
atcaactttg
aacagcgaag
gttatcatcc
attcecgecgg
tttaccgaat

gattggageg

agtcctgaat
gaaaaatgta
ttractattc

acagatatag

gcccagttgt
tggattattt
cgaaagaaca
cgagcctgaa
tttatggcat
ttgtgaacga
aaaccaactt
aacgcgatac
aagtgtgggt
atccggtgta
aactgagcag
tgaaatacaa
aagataccgc
atgtgtttcg

aagaagcgag

ctccagttgt
tggattattt
ctaaggagca

cttcattaaa

tcaactgcat
ccacgtcaac
gtataccatc
cattcaactg
caccatcatt
aggcaaaaaa
caccctgaaa
ccecgacctet
ggaagcggaa
caaagtgaaa
catcctgaaa
cattcagtat
gagcacccgt
cattcgetgt

cggtatcacc

acaacttcat
tcatgtaaat
atatactatc

tattcagctc

22

120
130
240
300
360
420
480
540
600
660
720
780
840
900
918

120
180
240
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acttgca

aca

tcgggettge

atgaggtgtg

tctgaat
tgcactg

aatgccc

999
ttg
ttg

cccaatccgce

ttgacat
aggacca
tctrcat

atgaagg

gga
aag
tca

aag

tatgaagata

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Met Glu
1

val GIn
Cys Met
ASn His

50

Ala ser
65
Thr Cys

Ile Thr

Cys Ile

8
305
PRT

ttcttacatt
ctccagaaaa
agtgggatag
caacacacaa
attattctac
ggaaggttac
cacataattt
ccaacccaag
atgcctcaac
ctgtccaaga
atggtaaggg
gaccatga

EP 1 630 232 A1

cggacagctt
acctaaaaat
tggaagggaa
gtttgctgat
tgtgtatttt
atcagatcat
atcagtgatc
tattaagagt
ttggagccag
ccttaaacct

atactggagt

Artificial sequence

sgp130(p1-D3)_wt

8

Leu

Leu

ASp

35

Phe

Ser

AsSn

Ile

val
115

-

Leu ésp Pro Cys Gly

His Ser Asn Phe Thr
20

Tyr Phe His val Asn

40

Thr Ile Pro Lys Glu

val Thr phe Thr Asp
70

Ile Leu Thr Phe Gly
85

Ile Ser Gly Leu Pro

100

Asn Glu Gly Lys Lys

120

gaacagaatg

ttgagttgca

acacacttgg

tgcaaagcaa

gtcaacattg

atcaattttg

aactcagagg

gttataatac

attcctcctg

tttacagaat

gactggagtg

Tyr

Ala

25

Ala

Gln

Ile

GIn

Pro

105

Met

Ile

10

val

Asn

Tyr

Ala

Leu

90

Glu

Arg

Ser

Ccys

Tyr

Thr

ser

75

Glu

Lys

Cys

tttatggaat
ttgtgaacga
agacaaactt
aacgtgacac
aagtctgggt
atcctgtata
aactgtctag
taaaatataa
aagacacagc
atgtgtttag

aagaagcaag

Pro Glu Ser

val Leu Lys

30

cacaataatt
ggggaagaaa
cactttaaaa
ccccaccteca
agaagcagag
taaagtgaag
tatcttaaaa
cattcaatat
atccacccga
gattcgctgt
tgggatcacc

Pro val
15

Glu Lys

Ile val Trp Lys Thr

45

Ile Ile Asn

60

Leu Asn Ile

GIn Asn val

Pro Lys Asn

Arg Thr
Gln Leu
80

Tyr Gly
a5

Leu Ser

110

Glu Trp Asp

Gly Gly

300
360
420
480
540
600
660
720
780
840
900
918

Ex. 2001 - Page159



20

25

30

35

40

45

50

55

Arg
Thr
145
Ccys
val
Phe
val
Asn
225
Arg
Ala
Glu

Trp

Pro
305

Glu

130

His

Thr

Glu

ASP

Ile

210

Pro

Thr

ser

Tyr

Ser
290

<210> 9
<211> 3
<212> P

<213>

<220>

<223>

<400> 9

Thr

Lys

val

Ala

Pro

195

AsSn

Ser

Lys

Thr

val

275

Asp

05
RT

His

Phe

Asp

Glu

180

val

ser

Ile

Asp

Arg

260

Phe

Trp

Leu

Ala

Tyr

165

Asn

Tyr

Glu

Lys

Ala

245

Ser

Arg

Ser

Glu

Asp

ser

Ala

Lys

Glu

Ser

230

Ser

ser

Ile

Glu

sgpl30(D-D3)_opt

EP 1 630 232 A1

Thr Asn pPhe

135

Cys

Thr

Leu

val

Leu

215

val

Thr

Phe

Arg

Glu
295

Artificial sequence

Met Glu Leu Leu Asp Pro Cys
1 5

Lys

val

Gly

Lys

200

Ser

Ile

Trp

Thr

Cys

Ala

Ala

Tyr

Lys

185

Pro

Ser

Ile

Ser

val

265

Met

Ser

Gly Tyr

val GIn Leu His Ser Asn Phe Thr
20

Ala
25

Cys Met Asp Tyr Phe His val Asn Ala
35 40

10

Thr

Lys

pPhe

170

val

Asn

Ile

Leu

Gln

250

GlIn

Lys

Gly

Leu

Arg

155

val

Thr

Pro

Leu

Lys

Ile

ASp

Glu

Ile

Lys

140

ASp

Asn

ser

Pro

Lys

220

Tyr

Pro

Leu

Asp

Thr
300

Ile Ser Pro
10

val Cys val

Asn Tyr Ile

Ser

Thr

Ile

ASp

His

205

Leu

Asn

Pro

Lys

Gly

Tyr

Glu

Leu

Glu

Pro

Glu

His

190

ASN

Thr

Ile

Glu

Pro

270

Lys

Glu

Ser

Trp
Thr
val
175
Ile
Leu
Trp
GIn
Asp
Phe

Gly

Asp

Pro
15

Ala

ser

160

Trp

Asn

ser

Thr

Tyr

240

Thr

Thr

Tyr

Arg

val

Lys Glu Lys
30

val Trp Lys Thr
45
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AsSn

Ala

65

Thr

Ile

cys

Arg

Thr

145

cys

val

pPhe

val

AsSn

225

Arg

Ala

Glu

Trp

Pro
305

His

50

Ser

cys

Thr

1le

Glu

130

His

Thr

Glu

Asp

Ile

210

Pro

Thr

Ser

Tyr

ser
290

Phe

ser

Asn

Ile

val

115

Thr

Lys

val

Ala

Pro

195

Asn

Ser

Lys

Thr

val

275

AsSp

Thr

val

Ile

100

Asn

His

Phe

Asp

Glu

180

val

ser

Ile

Asp

Trp

Ile

Thr

Leu

85

Ser

Glu

Leu

Ala

Tyr

165

Asn

TYyr

Glu

Lys

Ala

245

Ser

Arg

Ser

Pro

Phe

70

Thr

Gly

Gly

Glu

150

Ser

Ala

Lys

Glu

ser

230

ser

Ser

Ile

Glu

EP 1 630 232 A1

Lys

Thr

Phe

Leu

Lys

Thr

135

Cys

Thr

Leu

val

Leu

215

val

Thr

Phe

Arg

Glu
295

Glu

Asp

Gly

Pro

Lys

120

Asn

Lys

val

Gly

Lys

200

ser

Ile

Trp

Thr

Cys

280

Ala

11

Gln

Ile

Glin

Pro

105

Met

Phe

Ala

Tyr

Lys

Pro

ser

Ile

Ser

val

265

Met

Ser

Tyr

Ala

Leu

90

Glu

Arg

Thr

Lys

pPhe

170

val

Asn

Ile

Leu

GIn

GlIn

Lys

Gly

Thr

Ser

75

Glu

Lys

cys

Leu

Arg

155

val

Thr

Pro

Leuy

Lys

Ile

ASp

Glu

Ile

Ile

60

Leu

Gln

Pro

Glu

Lys

140

AsSp

Asn

Ser

Pro

Lys

220

Tyr

Pro

Leu

Asp

Thr
300

Ile

AsSn

Asn

Lys

Trp

125

ser

Thr

Iile

Asp

His

205

Leu

Asn

Pro

Lys

Gly

Tyr

Asn

Ile

val

Asn

110

Asp

Glu

Pro

Glu

His

190

Asn

Thr

Ile

Glu

Pro

270

Lys

Glu

Arg
GIn
Tyr
Leu
Gly
Trp
Thr
val
175
Ile
Leu
Trp
GlIn
Asp
Phe

Gly

Asp

Thr

Leu

80

Gly

ser

Gly

Ala

ser

160

Trp

Asn

Ser

Thr

Tyr

Thr

Thr

Tyr

Arg
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<210> 10

<211> 2511

<212> DNA

<213> artificial

<220>

<223> sgpl30Fc_wt

<400> 10
atgttgacgt

acaggtgaac
cattctaatt
aatgctaatt
atcataaaca
ctcacttgea
atrttcgggcet
aaaatgaggt
aaatctgaat
tcatgcactg
gagaatgccec
aagcccaatc
aaattgacat
tataggacca
cgatcttcat
tgtatgaagg
acctatgaag
actcaaggct
ggaaaaatct
acagttaatg
acagtaagaa
tttcaagcta
gtggaatgga
tcagataaag
tatttaagag
gctgatggac
aaaggaccta
caacttcctg

atcattggaa

tgcagacttg
ttctagatcc
tcactgcagt
acattgtctg
gaacagcatc
acattcttac
tgcctccaga
gtgagtggga
gggcaacaca
ttgattattc
ttgggaaggt
cgccacataa
ggaccaaccce
aagatgcctc
tcactgtcca
aagatggtaa
atagaccatc
acagaactgt
tggattatga
ccacaaaact
atcttgttgg
ctcaccctgt
ctactccaag
caccctgtat
ggaacttagc
caggaagccc
ctgttcggac
ttgatgttca

atgaaactgc

EP 1 630 232 A1

gctagtgcaa
atgtggttat
ttgtgtgcta
gaaaacaaac
cagtgtcacc
attcggacag
aaaacctaaa
tggtggaagg
caagtttgct
tactgtgtat
tacatcagat
tttatcagtg
aagtattaag
aacttggagc
agaccttaaa
gggatactgg
taaagcacca
acaactcgtg
agrgactctc
gacagtaaat
caaatcagat
aatggatctt
ggaatctgta
cacagactgg
agagagcaaa
tgaatccata
aaaaaaagta
gaatggattt
tgtgaatgtg

gccttgttta
atcagtcctg
aaggaaaaat
cattttacta
tttacagata
cttgaacaga
aatttgagtt
gaaacacact
gattgcaaag
tttgtcaaca
catatcaatt
atcaactcag
agtgttataa
cagattcctc
cctttfacag
agtgactgga
agtttctggt
tggaagacat
acaagatgga
ctcacaaatg
gcagctgttt
aaagcattcc
aagaaatata
caacaagaag
tgctatttga
aaggcatacc
gggaaaaacg
atcagaaatt

gattcttccc

12

ttttcctcac
aatctccagt
gtatggatta
ttcctaagga
tagcttcatt
atgtttatgg
gcattgtgaa
tggagacaaa
caaaacgtga
ttgaagtctg
ttgatcctgt
aggaactgtc
tactaaaata
ctgaagacac
aatatgtgtt
gtgaagaagc
ataaaataga
tgcctecttt
aatcacattt
atcgctatct
taactatccc
ccaaagataa
racttgagtg
atggtaccgt
taacagttac
ttaaacaagc
aagctgtett
atactatatt

acacagaata

cactgaatct
tgtacaactt
ttttcatgta
gcaatatact
aaatattcag
aatcacaata
€gaggggaag
cttcacttta
cacceccace
ggtagaagca
atataaagtg
tagtatctta
taacattcaa
agcatccacc
taggattcgc
aagtgggatc
tccatcccat
tgaagccaat
acaaaattac
agcaacccta
tgcctgtgac
catgctttgg
gtgtgtgtta
gcatcgcacc
tccagtatat
tcecaccttcec
agagtgggac
ttatagaacc

tacattgtcc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740

Ex. 2001 - Page162



20

25

30

35

40

45

50

55

EP 1 630 232 A1

tctttgacta gtgacacatt gtacatggta cgaatggcag
aaggatggtc cagaattcag atcttgtgac aaaactcaca
cctgaagecg agggcgegee gtcagtcttc ctcttecece
atgatctccc ggacccctga ggtcacatgc gtggtggtgg
gaggtcaagt tcaactggta cgtggacggc gtggaggtgc
cgggaggagc agtacaacag cacgtaccgt gtggtcagcg
gactggctga atggcaagga gtacaagtgc aaggtctcca
atcgagaaaa ccatctccaa agccaaaggg cagccccgag
cccccatccc gggaggagat gaccaagaac caggtcagec
ttctatccca gcgacatcgc cgtggagtgg gagagcaatg
aagaccacgc ctcccgtgct ggactccgac ggctccttct
gtggacaaga gcaggtggca gcaggggaac gtcttctcat
ctgcacaacc actacacgca gaagagcctc tccctgtctce
<210> 11
<211> 835
<212> PRT
<213> artificial
<220>
<223> sgpl30Fc_wt
<400> 11
Met Leu Thr teu GIn Thr Trp teu val GlIn Ala
1 5 . 10
Thr Thr Glu Ser Thr Gly Glu Leu teu Asp Pro
20 25
pro Glu Ser Pro val val GIn Leu His Ser Asn
35 40
val Leu Lys Glu Lys Cys Met Asp Tyr Phe His
50 55

Ile val Trp Lys Thr Asn His Phe Thr Ile Pro
65 70 75
Ile Ile Asn Arg Thr Ala Ser Ser val Thr Phe

85 90
Leu Asn Ile GIn teu Thr Cys Asn Ile Leu Thr

100 105
GIn Asn Tyr Tyr Gly Ile Thr Ile Ile Ser Gly
115 120
13

catacacaga

catgcccacc

caaaacccaa

acgtgagcca

ataatgccaa

tcctcaccegt

acaaagccct

aaccacaggt

tgacctgcct

ggcagcegga
tcctctatag

gctccgtgat

cgggtaaatg

Leu

Cys

Phe

val

60

Lys

Thr

Phe

Leu

phe

Gly

Thr

45

Asn

Glu

ASp

Gly

Pro
125

Ile

Tyr

30

Ala

Ala

Glin

Ile

Gln

110

Pro

tgaaggtgqag
gtgcccagea
ggacaccctc
cgaagaccct
gacaaagccg
cctgcaccag
cccageceecc
gtacaccctg
ggtcaaaggc
gaacaactac
caagctcacc
gcatgaggct

a

pPhe Leu
15

Ile Sser

val cys

Asn Tyr

Tyr Thr

80

Ala ser
95

Leu Glu

Glu Lys

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2511
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Pro

Glu

145

Lys

Asp

Asn

Ser

Lys

Tyr

Pro

Leu

Asp

Thr

Thr

Thr
385

Lys

130

Trp

Ser

Thr

Ile

Asp

210

His

Leu

Asn

Pro

Lys

290

Gly

Tyy

Pro

teu

Leu

370

Lys

Asn
Asp
Glu
Pro
Glu
195
His
Asn
Thr
Ile
Glu
275
Pro
Lys
Glu
Ser
Pro
355

Thr

Leu

Leu

Gly

Trp

Thr

180

val

Ile

Leu

Trp

Gln

260

AsSp

Phe

Gly

Asp

His

340

Pro

Arg

Thr

ser
Gly
Ala
165
ser
Trp
AsSn
Ser
Thr
245
Tyr
Thr
Thr
val
Arg
3
Thr
Phe

Trp

val

cys

Arg

Thr

Cys

val

phe

val

230

AsSn

Arg

Ala

Glu

Trp

310

Pro

Gln

Glu

Lys

Asn
390

Ile

135

Glu

His

Thr

Glu

Asp

Ile

Pro

Thr

Ser

Tyr

ser

ser

Gly

Ala

ser

375

Leu
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val Asn Glu Gly Lys
140

Thr

Lys

val

Ala

200

Pro

Asn

ser

Lys

Thr

280

val

Asp

Lys

Tyr

Asn

360

His

Thr

His

pPhe

Asp

Glu

val

Ser

Ile

Arg

Phe

Trp

Ala

Arg

345

Gly

Leu

Asn

Leu

Ala

170

Tyr

Asn

Tyr

Glu

Lys

Ala

ser

Arg

Ser

Pro

330

Thr

Lys

Gln

Asp

14

Glu

155

ASp

ser

Ala

Lys

Glu

ser

Ser

Ser

Ile

Glu

315

ser

val

Ile

ASDh

Arg

395

Thr

Cys

Thr

Leu

val

220

Leu

val

Thr

Phe

Arg

Glu

Phe

Gln

Leu

Tyr

380

Tyr

Lys

Asn

Lys

val

Gly

Lys

Ser

Ile

Trp

Thr

285

Cys

Ala

Trp

Leu

Asp

365

Thr

teu

Met

Phe

Ala

Tyr

190

Lys

Pro

ser

Ile

ser

270

val

Met

ser

Tyv

val

350

Tyr

val

Ala

Arg

Thr

Lys

Phe

val

Asn

Ile

Leu

255

Gln

Glin

Lys

Gly

Lys

Trp

Glu

Asn

Thr

Cys

Leu

160

Arg

val

Thr

Pro

teu

240

Lys

Ile

Asp

Glu

Ile

320

Ile

LYyS

val

Ala

Leu
400
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Thr

Pro

phe

Ser

Pro

465

TYFr

Thr

Tyr

Lys

545

Ile

Tyr

Aala

Cys

Gly

Met

His

val

Ala

Pro

val

450

Cys

Leu

Pro

Leu

val

530

val

Ile

Thr

Ala

ASp

610

Ala

Ile

Glu

ATg

Cys

Lys

Lys

Ile

Arg

val

Lys

515

Gly

GlIn

Gly

Lteu

Tyr

595

Lys

Pro

ser

Asp

Asn

Asp

Asp

Lys

Thr

Gly

TYyr

GIn

Lys

Asn

Asn

ser

580

Thr

Thr

Ser

Arg

Pro
660

Leu

405

Phe

Asn

Tyr

Asp

Asn

485

Ala

Ala

Asn

Gly

Glu

565

Ser

Asp

His

val

Thr

645

Glu

val

Gln

Met

Ile

Trp

470

Leu

Asp

Pro

Glu

Phe

550

Thr

Leu

Glu

Thr

Phe

630

Pro

val

Gly
Ala
Leu
Leu
455
Gln
Ala
Gly
Pro
Ala
535
Ile
Ala
Thr
Gly
Cys
615
Leu

Glu

Lys
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Lys

Thr

Trp

440

Glu

Gln

Glu

Pro

ser

520

val

Arg

val

ser

Gly

600

Pro

Phe

val

Phe

ser
His
v;]
Trp
Glu
sSer
Gl

50

LysS
Leu
Asn
Asn
Asp
Lys
Pro
Pro

Thr

Asn
665

Asp

410

Pro

Glu

Cys

Asp

Lys

ser

Gly

Glu

Tyr

val

570

Thr

Asp

Cys

Pro

Cys

650

Trp

15

Ala Ala

val Met

Trp Thr

val Leu

460

Gly Thr

Cys Tyr

Pro Glu

Pro Thr

Trp Asp

Thr Ile

555

Asp Sser

Leu Tyr

Gly Pro

Pro Ala

620

Lys Pro

val val

Tyr val

val

Asp

Thr

445

Ser

val

Leu

Ser

val

525

Phe

Ser

Met

Glu

605

Pro

Lys

val

Asp

Leu

Leu

430

Pro

Asp

His

Ile

Ile

510

Arg

Leu

Tyr

His

val

590

Phe

Giu

Asp

Asp

Gly
670

Thr

415

Lys

Arg

Lys

Arg

Thr

495

Lys

Thr

Pro

Arg

Thr

575

Arg

Arg

Ala

Thr

val

655

val

Ile

Ala

Glu

Ala

Thr

480

val

Ala

Lys

val

Thr

560

Glu

Met

ser

Glu

Leu

640

Ser

Glu
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val

Tyr

Gly

Ile

val

ser

Glu

val

785

Asp

His

Pro

His

Arg

690

Lys

Glu

Tyr

Leu

Trp

Leu

Lys

Glu

Gly

<210>
<211>
<212>
<213>

<220>
<223>

<400>
atgctgacac

Asn

675

val

Glu

Lys

Thr

Thr

755

Glu

Asp

Ser

Ala

Lys
835

12
2511
DNA
artificial

acaggagagc

cattctaact

aacgccaact

atcatcaacc

ctgacctgca

atctctggcec

Ala

val

Tyr

Thr

Leu

740

cys

Ser

Ser

Arg

Leu
820

tgcagacatg
tgctggatcc
tcaccgecgt
acatcgtgtg
ggaccgctte
acatcctgac

tgcctccaga

Lys

Ser

Lys

Ile

725

Pro

Leu

ASn

Asp

805

His

sgpl30Fc_opt
12

Thr

val

Cys

Ser

Pro

val

Gln

Gly

GIn

Asn

Lys

Leu

695

Lys

Lys

Ser

LyS

Pro

775

ser

Gln

His
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Pro

680

Thr

val

Ala

Arg

Gly

760

Glu

Phe

Gly

Tyr

gctggtgceag
ttgcggctat
gtgtgtgctg
gaaaaccaac
ttectgtgacc
ctttggacag

gaagcctaag

Arg

val

Sser

Lys

Glu

745

Phe

Asn

Phe

AsSn

Thr
825

Leu

Asn

Gly

Glu

Tyr

Asn

Leu

val

810

Gln

Glu

His

Met

Pro

Tyr

Tyr

Phe

Lys

gccctgttta

atctccectg

aaggaaaagt

cacttcacca

ttcaccgata

ctggagcaga

aacctgtcct

16

Gln Tyr
685

Gln Asp

700

Ala Leu

Pro Arg

Thr Lys

ser Asp

Lys Thr

780

ser Lys

ser Cys

Ser Leu

Asn

Trp

Pro

Glu

Asn

750

Ile

Thr

Leu

Ser

ser
830

tctttctgac

agtctcctgt

gcatggacta

tccccaagga

tcgecteect

atgtgtacgg

gcatcgtgaa

ser Thr

Leu Asn

Ala Pro
720

Pro Gln
735

Gln val

Ala val

Pro Pro

Thr val
800

val met
815

Leu Ser

caccgagtct
ggtgcagetg
cttccacgtg
gcagtacacc
gaatatccag
catcaccatc

tgagggcaag

60
120
180
240
300
360
420
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aagatgaggt
aagtctgagt
tcttgcaccg
gagaatgctc
aagcctaacc
aagctgacct
tacaggacca
agatccagct
tgcatgaagg
acctacgagg
acccagggct
ggcaagatcc
accgtgaacg
accgtgagaa
tttcaggcta
gtggagtgga
tctgataagg
tacctgagag
gctgatggac
aagggaccta
cagctgectg
atcatcggca
tctctgacct
aaggatggac
cctgaggetg
atgatctcca
gaggtgaagt
agggaggagc
gattggctga
atcgaaaaga
ccteccatcta
ttctaccctt
aagaccaccc

gtggacaagt

gtgagtggga
gggccaccca
tggactactc
tgggcaaggt
ctcctcacaa
ggaccaaccc
aggatgcttc
tcacagtgcea
aggatggcaa
acagaccttc
atagaacagt
tggactatga
ctaccaagct
atctggtggg
cccaccctgt
caacacctag
ccecttgeat
gcaatctggce
ctggctctec
ccgtgaggac
tggatgtgca
atgagaccgc
ctgacaccct
ctgagttcag
agggegecc
gaacccctga
tcaactggta
agtacaactc
acggcaagga
ccatctccaa
gggaggagat
ctgatatcgc
ctcctgtget

ctagatggca
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tggcggeaga
caagtttgcce
caccgtgtac
gacctctgac
cctgtcegtg
ttccatcaag
tacctggtct
ggacctgaag
gggctattgg
taaggcccct
gcagctggtg
ggtgaccctg
gaccgtgaac
caagtctgat
gatggatctg
agagtccgtg
cacagattgg
cgagtctaag
tgagtctatc
aaagaaggtg
gaacggcetec
cgtgaacgtg
gtacatggtg
atcctgegac
ttctgtgttt
ggtgacargt
cgtggatggc
cacctacaga
gtacaagtgc
ggcraaggga
gaccaagaat
tgtggagtgg
ggattctgac
gcagggcaac

gagacacatc
gactgcaagg
ttcgtgaaca
cacatcaact
atcaactctg
tccgtgatca
cagatccctc
ccttttaceg
tctgactggt
agcttctggt
tggaaaaccc
accagatgga
ctgaccaacg
gctgetgtgce
aaggccttec
aagaagtaca
cagcaggagg
tgctatctga
aaggcctacc
ggcaagaacg
atccggaact
gattcttccc
agaatggccg
aagacccaca
ctgttrccccc
9tggtggtgg
grggaggtgc
gtggtgtcig
aaggtgtcca
cagcctagag
caggtgteccc
gagtctaatg
ggctecttct

gtgttctctt

17

tggagaccaa
ccaagagaga
tcgaggtgtg
tcgacccegt
aggagctgrc
tcctgaagta
ctgaggatac
agtacgtgtt
ctgaggaggc
acaagatcga
tgcctccatt
agtcrcacct
atagatacct
tgaccatccce
ccaaggataa
tcctggagtg
atggcaccgt
tcaccgtgac
tgaagcagqc
aggctgtgcet
acaccatctt
acaccgagta
cttataccga
cctgtectec
caaagcctaa
atgtgtctca
acaatgctaa
tgctgacagt
acaaggctct
agcctcaggt
tgacctgtct
gccagcccga
tcctgtacte

gttccgtgat

cttcaccctg
tacccctacc
ggtggaggct
gtacaaggtg
ctctatcctg
caacatccag
cgcttccacc
caggatccgg
ttctggcatc
cccttcteac
cgaggctaat
gcagaactac
ggctaccctg
tgcctgtgat
catgctgtgg
gtgcgrgetg
gcatagaacc
ccctgtgtat
tcctccatct
ggagtgggat
ctaccggacce
cacactgtcc
tgagggcggc
ttgtcctget
ggataccctg
tgaggacccc
gaccaagcct
gctgcatcag
gcetgctect
gtacacacfg
ggtgaagggc
gaacaattac
caaactgacc

gcacgaggct

480

540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
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ctgcacaatC actataccca gaagtccctg tctctgtctc ctggcaagtg a

<210>
<211>
<212>
<213>

<220>
<223>

<400>

13

835

PRT
artificial

sgpl30Fc_opt
13

¥et Leu Thr Leu ?1n

Thr

Pro

val

Ile

65

Ile

Leu

Gln

Pro

Glu

145

Lys

ASp

Asn

Ser

Thr

Glu

Leu

50

val

Ile

Asn

ASn

LYyS

Trp

Ser

Thr

Ile

ASp

Glu Ser Thr
20

Ser Pro val
35

Lys Glu Lys

Trp Lys Thr

Asn Arg Thr
85

Ile GIn Leu
100

Tyr Tyr Gly
115

Asn Leu Ser

Asp Gly Gly

Glu Trp Ala
165

Pro Thr Ser
180

Glu val Trp
195

His Ile Asn

Thr

Gly

val

Cys

Asn

70

Ala

Thr

Ile

Cys

Ar

15

The

Cys

val

Phe

Trp

Glu

GlIn

Met

55

His

Ser

Cys

Thr

Ile

135

Glu

His

Thr

Glu

ASp

Leu

Leu

Leu

40

Asp

Phe

Ser

Asn

Ile

120

val

Thr

Lys

val

Ala

200

Pro

val

Leu

25

His

Tyr

Thr

val

Ile

105

Ile

AsSn

His

Phe

Asp

Glu

val

Gln
10

Asp
Ser
Phe
Ile
Thr
90

Leu
Ser
Glu
Leu
Ala
170
Tyr

Asn

Tyr

18

Ala Leu

Pro Cys

Asn Phe

His val

60
Pro Lys
75
Phe Thr
Thr phe
Gly Leu
Gly Lys
140
Glu Thr
155
ASp Cys
ser Thr

Ala Leu

Lys val

Phe

Gly

Thr

45

Asn

Glu

Asp

Gly

Pro

125

Lys

Asn

Lys

val

Gl

20

Lys

Ile

TYyr

30

Ala

Ala

GIn

Ile

GIn

110

Pro

Met

Phe

Ala

TYr

190

Lys

Pro

Phe

15

Ile

val

AsSn

Tyr

Ala

95

Leu

Glu

Arg

The

Lys

Phe

val

Asn

Leu

ser

Cys

Tyr

Thr

80

ser

Glu

Lys

Cys

Leu

160

Arg

val

Thr

Pro

2511
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Pro

225

Lys

Tyr

Pro

Leu

305

Thr

Asp

Thr

Thr

Thr

385

Thr

Pro

pPhe

ser

Pro

465

Tyr

210

His

Leu

Asn

Pro

Lys

290

Gly

Tyr

Pro

Leu

Leu

370

Lys

val

Ala

Pro

val

450

cys

Leu

ASn

Thr

Ile

Glu

Pro

Lys

Glu

Ser

Pro

355

Thr

Leu

Arg

Cys

Lys

435

Lys

Ile

Arg

Leu

Trp

Gin

260

Asp

Phe

Gly

Asp

His

340

Pro

Arg

Thr

Asn

Asp

420

Asp

Lys

Thr

Gly

ser

Thr

245

Tyr

Thr

Thr

val

Ar

32

Thr

pPhe

Trp

val

Leu

405

Phe

Asn

Tyr

Asp

AsSn

val

230

Asn

Arg

Ala

Glu

Gln

Glu

Lys

AsSn

390

val

Gln

Met

Ile

470

Leu

215

Ile

Pro

Thr

Ser

Tyr

295

Ser

ser

Gly

Ala

ser

375

Leu

Gly

Ala

Leu

Leu

455

Gln

Ala
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Asn

ser

Lys

Thr

280

val

ASp

Lys

Tyr

Asn

360

His

Thr

Lys

Thr

GIn

Glu

ser

Ile

Asp

265

Arg

Phe

Trp

Ala

Leu

Asn

ser

His

425

val

Trp

Glu

ser

Glu

Lys

Ala

sSer

Arg

ser

Pro

330

Thr

Lys

GIn

ASp

ASDp

410

Pro

Glu

Cys

Asp

Lys

19

Glu
2

ser
Ser
Ser
Ile
Glu
315
Ser
val
Ile
Asn
Arg
Ala
val
Trp
val
Gly

Cys

220

Leu

val

Thr

Phe

Arg

300

Glu

Phe

Gin

Leu

Tyr

380

Tyr

Ala

Met

Thr

Leu

460

Thr

Tyr

Ser

Ile

Trp

Thr

285

cys

Ala

Trp

Leu

ASp

365

Thr

Leu

val

Asp

Thr

445

Ser

val

Leu

Ser

Ile

ser

270

val

Met

Ser

Tyr

val

350

Tyr

val

Ala

Leu

teu

430

Pro

Asp

His

Ile

Ile

Leu

255

Gln

Gln

Lys

Gly

Lys

Trp

Glu

Asn

Thr

Thr

415

Lys

Arg

Lys

Arg

Thr

Leu

240

Lys

Ile

AsSp

Glu

Ile

320

Ile

Lys

val

Ala

Leu

400

Ile

Ala

Glu

Ala

Thr

480

val
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Thr

Tyr

Lys

Tyr

Ala

Cys

Gl

62

Met

His

val

Tyr

Gly

Ile

val

ser

Pro

Leu

val

530

val

Ile

Thr

Ala

Asp

610

Ala

Ile

Glu

His

Lys

Glu

Tyr

Leu

val

515

Gly

Gln

Gly

Leu

Tyr

595

Lys

Pro

Ser

Asp

Asn

675

val

Glu

Lys

Thr

Thr

Tyr

500

Gln

Lys

Asn

Asn

ser

580

Thr

Thr

Ser

Arg

Pro

660

Ala

val

Tyr

Thr

Leu

740

Cys

485

Ala

Ala

Asn

Gly

Glu

565

ser

Asp

His

val

Thr

645

Glu

Lys

Ser

Lys

Ile

725

Pro

teu

Asp

Pro

Glu

Phe

550

Thr

Leu

Glu

Thr

Phe

630

Pro

val

Thr

val

Cys

ser

Pro

val

Gly

Pro

Ala

535

Ite

Ala

Thr

Gly

Cys

615

Leu

Glu

Lys

Lys

Leu

695

Lys

Lys

Ser

Lys

EP 1 630 232 A1

Pro

Ser

520

val

Arg

val

ser

Gly

600

Pro

Phe

val

Phe

Pro

680

Thr

val

Ala

Arg

Gly

Gly

Lys

Leu

Asn

Asn

ASp

585

Lys

Pro

Pro

Thr

Asn

665

Arg

val

Ser

Lys

Glu

745

Phe

Gly

Glu

Tyr

val

570

Thr

Asp

Cys

Pro

Cys

Trp

Glu

Leu

Asn

Gly

Glu

Tyr

20

Pro

Pro

Trp

Thr

555

Asp

Leu

Gly

Pro

Lys

val

Tyr

Glu

His

Lys

Gln

Met

Pro

Glu

Thr

Asp

540

Ile

Ser

Tyr

Pro

Ala

620

Pro

val

val

Gln

Gln

700

Ala

Pro

Thr

Ser

ser

val

525

Gin

Phe

Ser

Met

Glu

605

Pro

Lys

val

Asp

Tyr

685

ASp

Leu

Arg

Lys

ASp

Ile

510

Arg

Leu

Tyr

His

val

590

pPhe

Glu

Asp

ASp

Gly

AsSh

Trp

Pro

Glu

Asn

750

Ile

495

Lys

Thr

Pro

Arg

Thr

575

Arg

Arg

Ala

Thr

val

655

val

Ser

Leu

Ala

Pro

735

Gln

Ala

Ala

Lys

val

Thr

560

Glu

Met

Ser

Glu

Leu

640

ser

Glu

Thr

Asn

Pro

720

Gin

val

val
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755
Glu Trp Glu
770
val Leu Asp
785
AsSp Lys Ser

His Glu Ala

Pro Gly Lys
835

Ser

Ser

Arg

Leu
820

EP 1 630 232 A1

760

Asn Gin Pro Glu Asn Asn Tyr Lys
775 780

Asp Gly Ser Phe Phe Leu Tyr Ser
790 795

Trp GIn GIn Gly Asn val phe Ser
805 810

His Asn His Tyr Thr Gln Lys Ser
825

Annex to the application documents - subsequently filed sequences listing

[0033]

21

765

Thr Thr Pro Pro

Lys

Cys

Leu

Leu Thr val
800

Ser val Met
815

Ser Leu Ser
830
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<110>

<120>
<130>

<140>
<141>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>

EP 1 630 232 A1

SEQUENCE LISTING
conaris research institute AG
optimized nucleotide sequences encoding sgpl30
C 1028ep

EP 04020455.4
2004-08-27

9

PatentIn version 3.2

1

22

PRT

Artificial sequence

secretory leader sequence of sgpl30

1

Met Leu Thr Leu GIn Thr Trp val val Gén Ala Leu pPhe Ile Phe Leu
1 5 1 15

Thr Thr Glu Ser Thr Gly
20

<210> 2

<211> 20

<212> DNA_

<213> Artificial sequence

<220>

<223> Primer

<400> 2

atgaggtgtg agtgggatgg 20
<210> 3

<211> 22

<212> DNA

<213> Artificial sequence

<220>

<223> Primer

<400> 3

accttgcact tgtactcctt gc 22
<210> 4

<211> 21

<212> DNA

<213> Artificial sequence

<220>

<223> Primer

<400> 4

gatgcctgct tgccgaatat 21

22
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EP 1 630 232 A1

c<210> 5
<211> 22
<212> DNA
<213> Artificial sequence
<220> .
<223> Primer
<400>

5
cgccaagctc trcagcaata tc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

6
918
DNA

Artificial sequence

sgp130(d1-D3)._opt

6

atggaactgc

agcaatttca

gcgaactaca

attaaccgta

acctgcaaca

agcggectac

atgcgctgcg
agcgaatggg
tgcaccgttg

aacgccctgg

ccgaatccge

ctgacctgga

cgcaccaaag

agcagcttca

atgaaagaag

tatgaagatc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

7
918
DNA

tggacccgtg
ccgeggtttg
ttgtgtggaa
ccgcgageag
ttctgacctt
cgccggaaaa
aatgggatgg
cgacccacaa
attacagcac
gtaaagtcac
cgcataatct
ccaacccgag
atgccagceac
ccgttcagga
atggraaagg
gtccgtga

cggttatatc
tgtgctgaaa
aaccaaccat
cgttaccttt
cggtcaactg
accgaaaaat
tggtcgcgaa
atttgcggat
cgtgtacttc
cagcgatcat
gagcgtgatc
cattaagagc
ctggagccag
tctgaaaccg

ctactggage

Artificial sequence

sgp130(D1-D3)_wt

7

agcccggaaa
gagaagtgta
ttcaccatcc
accgatatcg
gaacagaatg
ctgagctgca
acccacctgg
tgcaaagcga
gtgaacattg
atcaacttig
aacagcgaag
gttatcatcc
attccgecegg
tttaccgaat

gattggagcy

gcccagrtgt
tggattattt
cgaaagaaca
cgagcctgaa
tttatggcat
ttgtgaacga
aaaccaactt
aacgcgatac
aagtgtgagt
atccggtata
aactgagcag
tgaaatacaa
aagataccgc
atgtgtttcg

aagaagcgag

tcaactgcat
ccacgtcaac
gtataccatc
cattcaactg
caccatcatt
aggcaaaaaa
caccctgaaa
cccgacctct
ggaagcggaa
caaagtgaaa
catcctgaaa
cattcagtat
gagcacccgt
cattcgctgt

cggtatcacc

atggaacttc tagatccatg tggttatatc agtcctgaat ctccagttgt acaacrtcar

tctaatttca ctgcagtttg tgtgctaaag gaaaaatgta tggattattt tcatgtaaat

23

22

60
120
180
240
300
360
420
480
540
600
660
720
780
840
300
918

60
120
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gctaattaca

ataaacagaa
acttgcaaca
tcgggettge
atgaggtgtg
tctgaatggg
tgcactgttg
aatgcccttg
cccaatcege
ttgacatgga
aggaccaaag
tcttcattca
atgaaggaag
tatgaagata
<210> 8

<211> 305
<212> PRT

ttgtctggaa

cagcatccag

EP 1 630 232 A1

aacaaaccat tttractattc

tgtcaccttt acagatatag

ttcttacatt cggacagctt gaacagaatg

ctccagaaaa acctaaaaat ttgagtigca

agtgggatgg tggaagggaa acacacttgg

caacacacaa gtttgctgat tgcaaagcaa

attattctac

tgtgtatttt gtcaacattg

ggaaggttac atcagatcat atcaattttg

cacataattt atcagtgatc aactcagagg

ccaacccaag tattaagagt gttataatac

atgcctcaac

ttggagccag attcctectg

ctgtccaaga ccttaaacct tttacagaat

atggtaaggg
gaccatga

<213> Artificial sequence

<220>
<223> sgpl

<400> 8

Met Glu Leu
1
val Gin Leu

Cys Met Asp
35

Asn His Phe
50

Ala Ser Ser
65
Thr Cys Asn

Ile Thr Ile

Cys ITle val

30(p1-p3) _wt
Leu ésp pPro

His Ser Asn
20

Tyr Phe His
Thr Ile Pro

val Thr Phe
70

Ile Leu Thr
85

Ile Ser Gly
100

Asn Glu Gly

Ccys

Phe

val

Lys

Thr

Phe

Leu

Lys

atactggagt gactggagtg

Gly Tyr Ile Ser
10

Thr Ala val Cys
25

Asn Ala Asn Tyr
40

Glu GIn Tyr Thr

Asp Ile Ala Ser
75

Gly GIn Leu Glu
90

Pro Pro Glu Lys
105

LYs Met Arg Cys

24

ctaaggagca
cttcattaaa
tttatggaat
ttgtgaacga
agacaaactt
aacgtgacac
aagtctgggt
atcctgtata
aactgtctag
taaaatataa
aagacacagc
atgtgtrttag

aagaagcaag

Pro Glu Ser

val Leu Lys

atatactatc
tattcagctc
cacaataatt
ggggaagaaa
cactttaaaa
cccecacctea
agaagcagag
taaagtgaag
tatcttaaaa
cattcaatat
atccacccga
gattcgctgt

tgggatcacc

Pro val
15

Glu Lys

Ile val Trp Lys Thr

45

Ile Ile Asn

60

Leu Asn Ile

GIn Asn val

Pro Lys Asn

Arg Thr

GIn Leu
80

Tyr Gly
95

Leu Ser

110

Glu Trp Asp

Gly Gly

180
240
300
360
420
480
540
600
660
720
780
840
900
918
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Arg ‘Glu
9 130

Thr His
145

Cys Thr

val Glu

Phe Asp

val Ile
210

Asn Pro
225

Arg Thr

Ala ser

Glu Tyr

Trp ser
290

Pro
305

<210>
<211>
<212>
<213>

<220>
<223>

<400>

9
3
P

115

Thr

Lys

val

Ala

Pro

195

Asn

Ser

Lys

Thr

val

275

Asp

05
RT

His

phe

ASp

Glu

180

val

Ser

Ile

Asp

Arg

260

Phe

Trp

Leu

Ala

TYr

Asn

Tyr

Glu

Lys

Ala

245

ser

Arg

ser

Glu

Asp

150

ser

Ala

Lys

Glu

ser

230

ser

Ser

Ile

Glu

Thr

135

Cys

Thr

Leu

val

Leu

215

val

Thr

Phe

Arg

Glu
295

Artificial sequence

sgp130(D-D3)_opt

9

EP 1 630 232 A1

120

ASDH

Lys

val

Gly

Lys

200

ser

Ile

Trp

Thr

Cys

Ala

Phe

Ala

Tyr

Lys

Pro

ser

Ile

ser

val

265

Met

ser

Thr Leu

Lys Arg

Phe val

170

val Thr

Asn Pro

Ile Leu

Leu LysS

235

GIn 1le
250
Gln Asp

Lys Glu

Gly Ile

Lys

140

Asp

Asn

Ser

Pro

Pro

Leu

ASp

Thr
300

125

ser

Thr

Ile

Asp

His

205

Leu

Asn

Pro

Lys

Gly

Tyr

Glu

Pro

Glu

His

190

Asn

Thr

Ile

Glu

Pro

270

Lys

Glu

Trp

Thr

val

175

Ile

Leu

Trp

GIn

ASp

Phe

Gly

Asp

Ala

Ser

160

Trp

Asn

ser

Thr

Tyr

240

Thr

Thr

Tyr

Arg

Met Glu Leu Leu Asp Pro Cys Gly Tyr Ile Ser Pro Glu Ser Pro val
1 5 10 15

val GIn Leu His Ser Asn Phe Thr Ala val Cys val Leu Lys Glu Lys
20 25 30

25
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pPro
305

- cys

Asn

Ala

65

Thr

Ile

cys

Arg

Thr

145

cys

val

Phe

val

ASn

225

Arg

Ala

Glu

Trp

Met

.

His

S0

Ser

Cys

Thr

Ile

Glu

130

His

Thr

Glu

Asp

Ile

210

Pro

Thr

Ser

Tyr

ser
290

ASp

35

Phe

Ser

Asn

Ile

val

115

Thr

Lys

val

Ala

Pro

195

ASn

Ser

Lys

Thr

val

275

ASp

Tyr

Thr

val

Ile

Ile

100

Asn

His

Phe

Asp

Glu

180

val

ser

Ile

Asp

Arg

260

Phe

Trp

Phe

Ile

Thr

Leu

85

ser

Glu

Leu

Ala

TYyr

165

Asn

Tyr

Glu

Lys

Ala

245

ser

Arg

ser

His

Pro

phe

70

Thr

Gly

Gly

Glu

Asp

150

ser

Ala

Lys

Glu

Ser

230

Ser

ser

Ile

Glu

EP 1 630 232 A1

val Asn Ala Asn
40

Lys

Thr

phe

Leu

Lys

Thr

135

Cys

Thr

Leu

val

Leu

215

val

Thr

Phe

Arg

Glu
295

Glu

Asp

Gly

Pro

Lys

val

Gly

Lys

200

sSer

Ile

Trp

Thr

cys

Ala

Gln

Ile

Gln

Pro

105

Met

Phe

Ala

Tyr

Lys

Pro

Ser

Ile

Ser

val

265

Met

ser

26

Tyr

Ala

Leu

90

Glu

Arg

Thr

Lys

Phe

170

val

Asn

Ile

Leu

GlIn

250

Gin

Lys

Gly

Tyr

Thr

ser

75

Glu

Lys

cys

Leu

Arg

val

Thr

Pro

Leu

LyS

Ile

ASp

Glu

Ile

Ile

Ile

60

Leu

Gln

Prao

Glu

AsSp

Asn

Ser

Pro

Lys

TYyr

Pro

teu

ASp

Thr
300

val Trp

45

Ile Asn

Asn Ile

Asn val

Lys Asn

110

Trp Asp

Ser Glu

Thr pro

Ile Glu

ASp His

190
His Asn
205
Leu Thr
Asn Ile
pPro Glu
Lys Pro

270

Gly Lys

Tyr Glu

Lys

Arg

Gin

Tyr

95

Leu

Gly

Trp

Thr

val

175

Ile

Leu

Trp

Gln

ASp

Phe

Gly

Asp

Thr

Thr

Leu

80

Gly

ser

Gly

Ala

Ser

160

Trp

AsSn

ser

Thr

Tyr

240

Thr

Thr

Tyr

Arg

Ex. 2001 - Page176



20

25

30

35

40

45

50

55

EP 1 630 232 A1
Claims
1. A nucleic acid molecule encoding sgp130 comprising (a) the nucleic acid sequence as (a;) depicted in Figure 2
(sgp130(D1-3)_opt) or (a,) Figure 3 (sgp130Fc_opt) or (b) a fragment or analogue thereof which maintains the

codon usage pattern thereof.

2. The nucleic acid molecule of claim 1, wherein at least 80% of the codons altered in the nucleic acid sequence of
Figure 2 or 3 vs. the wild type sequence are present.

3. The nucleic acid molecule of claim 1 or 2 which is a DNA molecule.

4. An expression vector containing a nucleic acid molecule of any one of claims 1 to 3.
5. A host cell containing an expression vector of claim 4.

6. The host cell of claim 5 which is a mammalian host cell.

7. The host cell of claim 6 which is a CHO or HEK293 cell.

8. The host cell of claim 5 which is a prokaryotic cell.

9. The host cell of claim 8 which is a bacterial cell.

10. A method of producing a sgp130 polypeptide comprising culturing a host cell of any one of claims 5 to 9 and
recovering the polypeptide from said host cell or the culture.

27
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Figure 1
A) [ gp130 {extraceltutar part) ” 19G I
Eukaryotes ](
(sgp130Fc) Signat Dt D2 D3 D4 DS D6 Fc }—

B) ~{ o1t { o2 { o3 }

D1 D2 D3 Tag

Prokaryotes

(SmeO(m»DS)) D1 }ruz }[ D3 J'
escef_01 } 02 K 03 J 7ao ]

28
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8gpll0(D1-D3) _wt

8gp130(D1-D3) _opt

sgpl30(D1-D3)_wt

8gp130(D1-D3) _opt

sgpl30(D1-D3) _wt

sgp130(D1-D3) _opt

8gpl30(D1-D3) _wt

8gpl30 (D1-D3) _opt

#1

#1

#111

#111

#221

#221

#331

#331

ATGGAACTTC TAGATCCATG TGGTTATATC AGTCCTGAAT CTCCAGTTGT ACAACTTCAT TCTAATTTCA CTGCAGTTTG TGTGCTAAAG GAAAAATGTA TGGATTATTT
M ELL DPC GVYI S PES PVV QLH sSsNFT AVC VLK EKCM DYTF
ATGGAACTGC TGGACCCGTG CGGTTATATC AGCCCGGAAA GCCCAGTTGT TCAACTGCAT AGCAATTTCA CCGOGGTTTG TGTGCTGAAA GAGAAGTGTA TGGATTATTT

M ELL DPC GYI S PES PVV QLH SNTFT AVC VLI K EKCM DYTF

. o—8 . .0 . " Y .

TCATGTAAAT GCTAATTACA TTGTCTGGAA AACAAACCAT TTTACTATTC CTAAGGAGCA ATATACTATC ATAAACAGAA CAGCATCCAG TGTCACCTTT ACAGATATAG
HVN ANYZI VWK TNE FTIP XKEQ YTI INRT ASS VTTF TDIA
CCACGTCAAC GCGAACTACA TTGTGTGGAA AACCAACCAT TTCACCATCC CGAAAGAACA GTATACCATC ATTAACOGTA CCGCGAGCAG CGTTACCTTT ACCGATATCG

HV N ANYTI VWX TNH FTIP KEQ YTTI INRT ASS VTF TDTIA

[V — — Y S S SR S . » —,—b e 8880 S.—8 . -

CTTCATTAAA TATTCAGCTC ACTTGCAACA TTCTTACATT CGGACAGCTT .Egmg.ﬂn TTTATGGAAT CACAATAATT TOGGGCTTGC CTCCAGAAAA ACCTAAAAAT
$ LN I QL TCNTI LTTF GQL EQNV YGI TIT 8GLP PEZEXK P KN
CGAGCCTGAA CATTCAACTG ACCTGCAACA TTCTGACCIT CGGTCAACTG GAACAGAATG TTTATGGCAT CACCATCATT AGCGGCCTGC CGCCOGGARAA ACCGAARAAT

s LN I QL TCNI LTF GQL EQNV Y¥YG6I TITI 8$G6LP PEXK PKN

~88088-0 @ ] . ) el e . P

TTGAGTIGCA TTGTGAACGA GGGGAAGAAA ATGAGGTGTG AGTGGGATGG TGGAAGGGAA ACACACTTGG AGACAAACTT CACTTTAAAA TCTGAATGGG CAACACACAA
L §$C11I VNE G6GKK MRCE WDOG GRE THULE TNVF TLIK 8EWA THK
CTGAGCTGCA TTGTGAACGA AGGCAAAAAA ATGCGCTGCG AATGGGATGG TGGTCGCGAA ACCCACCTGG AAACCAACTT CACCCTGAAA AGCGAATGGG CGACCCACAA

L s CI VNE G6GKK MRCE WDG GRE THLE TNF TLIK §BWA TZHK

.. . G B e el a8 — 8 . - P L | L ey PP PR

”ﬂrw. 2

29
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sgpl30(D1-D3)_wt

sgpl30(D1-D3)_opt

8gp130(D1-D3) _wt

mmkuoAUH»buvlovn

8gp130(D1-D3) _wt

8gp130(D1-D3) opt

sgpl3i0(D1-D3) wt

sgpl130(D1-D3)_opt

#441

H#441

#551

#551

#6611

#6611

#771

#771

GTTTGCTGAT TGCAARGCAA AACGTGACAC CCCCACCTCA TGCACTGTTG ATTATTCTAC TGTGTATTTT GTCAACATTG AAGTCTGGGT AGAAGCAGAG AATGCCCTTG
FAD CKAK RDT PTS8 CTVD ¥Y¥S$§T VYF VNIE VWY EAE NALG
ATTTGCGGAT TGCARAGCGA AACGCGATAC CCCGACCTCT TGCACCGTTG ATTACAGCAC CGTGTACTTC GTGAACATTG AAGTGTGGGT GGARGCOGGAA AACGCCCIGG

FAD CKAXK RDT PTS C¢CTVD YST VYV F VNIE VWV EAE NALSG

GGAAGGTTAC ATCAGATCAT ATCAATTTTG ATCCTGTATA TAAAGTGAAG CCCAATCOGC CACATAATTT ATCAGTGATC AACTCAGAGG AACTGTCTAG TATCTTAAAA
K v T 8 DH I NTFD PVY XKVK PNPP HNIL §VI NSEE LSS I LK
GTAAAGTCAC CAGCGATCAT ATCAACTTTG ATCCGGTGTA CAAAGTGAAA CCGAATCOGC CGCATAATCT GAGCGTGATC AACAGCGARG AACTGAGCAG CATCCTGAAA

KV T 8$DH I NFD PVY KVIXK PNPUP HNL 8VI NSEZE LSS I LK

- o0 d (11] —— 00 —o— so—

TTGACATGGA CCAACCCAAG TATTAAGAGT GTTATAATAC TAAAATATAA CATTCAATAT AGGACCAAAG ATGCCTCAAC TTGGAGCCAG ATTCCTCCTG AAGACACAGC
LTWT NPS I KsSs VvV IIUL KYN I QY RTI KD AST WS$Q I PPE DTA
CTGACCTGGA CCAACCCGAG CATTAAGAGC GTTATCATCC TGAAATACAA CATTCAGTAT CGCACCAAAG ATGCCAGCAC CTGGAGCCAG ATTCOGCCOGG AAGATACCGE

L TWT NP S§ I KS§ VITIIUL KYN I QY RTI KD AST W SSQ I PPE DTA

. o . .

o— —e —s
ATCCACCCGA TCTTCATTCA CTGTCCAAGAR CCTTAAACCT TTTACAGAAT ATGTGTTTAG GATTCGCTGT ATGAAGGAAG ATGGTAAGGG ATACTGGAGT GACTGGAGTG
S TR 8§88 FT VQD LKXKP FTEY VFR I RCMKED GKG Y WS DWSE
GAGCACCCGT AGCAGCTTCA CCGTTCAGGA TCTGAAACCG TTTACCGAAT ATGTGTTTCG CATTCGCTGT ATGARAGAAG ATGGTAAAGG CTACTGGAGC GATTGGAGCG

S TR §8 FT VQD LXKP FTEY VFR I RC MKED GKOG Y WS DWSE

30
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8gp130(D1-D3)_wt

8gp130(D1-D3) opt

#6881

#881

AAGAAGCAAG TGGGATCACC TATGAAGATA GACCATGA
EAS GI T YEDR P
AAGAAGCGAG CGGTATCACC TATGAAGATC GTCCGTGA

EaAasS 61T YEDTR P

31
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8gpl30Fc_wt

sgpl30Fc_opt

8gpllOFc_wt

agpl3OFc_opt

8gpl30Fc_wt

8gpl30Fc_opt

89pl30Fc_wt

8gpl30Fc_opt

#1

#1

#121

#121

#241

#241

#361

#361

ATGTTGACGT TGCAGACTTG GCTAGTGCAA GCCTTGTTTA TTTTCCTCAC CACTGAATCT ACAGGTGAAC TTCTAGATCC ATGTGGTTAT ATCAGTCCTG AATCTCCAGT TGTACAACTT

MLTL QTW LVQ ALFI FLT TES TGEL LDP CGY ISPE SPV VQL

ATGCTGACAC TGCAGACATG GCTGGTGCAG GCCCTGTTTA TCTTTCTGAC CACCGAGTCT ACAGGAGAGC TGCTGGATCC TTGCGGCTAT ATCTCCCCTG AGTCTCCTGT GGTGCAGCTG

MLTL QTOW LVQ ALZFI FPLT TES TGEL LDEP CGY ISPE SPV VQL

. ° . . . . - PP o—2 >—o ¢——t—8 —

e e —S
CATTCTAATT TCACTGCAGT TTGTGTGCTA AAGGAAAAAT GTATGGATTA TTTTCATGTA AATGCTAATT ACATTGTCTG GAAAACAAAC CATTTTACTA TICCTAAGGA GCAATATACT
H S NTF TAUV CVIL KEJZXC MDY FHV NANY I VW KTN HFTTI PKE QYT

CATTCTAACT TCACCGCCGT CTGTGTGCTG AAGGAAAAGT GCATGGACTA CTTCCACGTG AACGCCAACT ACATCGTGTG GAAAACCAAC CACTTCACCA TCCCCAAGGA GCAGTACACC

HSNTF TAV CVL KEZXCMDY FHV NANY IVW KPNHFTTI PKE QYT

o—a .
ATCATAAACA GAACAGCATC CAGTGTCACC TTTACAGATA TAGCTTCATT AAATATTCAG CTCACTTGCA ACATTCTTAC ATTCGGACAG CTTGAACAGA ATGTTTATGG AATCACAATA
I I NR T A S SV T FTP?TDTI ASL NI Q LTCN ILT FGQ LEQN VYG ITTI

ATCATCAACC GGACCGCTTC TTCTGTGACC TTCACCGATA TCGCCTCCCT GAATATCCAG CTGACCTGCA ACATCCTGAC CTTTGGACAG CTGGAGCAGA ATGTGTACGG CATCACCATC

I T NR TAS SVT FTDI ASL NIQ LTTCN ILT FGQ LEQN VYG ITTI

ATTTCGGGCT TGCCTCCAGA AARACCTAAA AATTTGAGTT GCATTGTGAA CGAGGGGAAG ARAATGAGGT GTGAGTGGGA TGGTGGAAGG GAMACACACT TGGAGACAAA CTTCACTTTA
I s ¢L PPE KPX NLSC I VN EGZX KMRC EWD GGR ETHL ETN FTL
ATCTCTGGCC TGCCTCCAGA GAAGCCTAAG AACCTGTCCT GCATCGTGAA TGRGOGCAAG AAGATGAGGT GTGAGTGGGA TGGCGGCAGA GAGACACATC TGGAGACCAA CTTCACCCTG

1 S L P PE XK PEK NLSGC IVN EGXK KMPRC EWD GGR ETHL ETN FTL

— * —se—peo— . *—a PSP SISUIIY ¥ SN PRSI )

H.,@. K}
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8gpl3i0Fc_wt

8gpli0Fc_opt

B8gpli0Fc_wt

8gpl30Fc_opt

8gp130Fc_wt

89p130FC_opt

8gp130Fc_wt

sgpl30Fc_opt

#481

#481

#601

#601

#721

#722

4841

#e41

AAATCTGAAT GGGCAACACA CAARGTITGCT GATTGCAAAG CAAAACGTGA CACCCCCACC TCATGCACTG TTGATTATTC TACTGTGTAT TTTGTCAACA TIGAAGTCTG GGTAGAAGCA
K S EW ATH KFA DCKA XKRD TPT §CTV DYS TVY FVNTI EVW VEA
AAGTCTGAGT GGGCCACCCA CAAGTTTGCC GACTGCAAGG CCAAGAGAGA TACCCCTACC TCTTGCACCG TGGACTACTC CACOGTGTAC TTCOGTGAALA TOGAGGTCTG GGTGGAGGCT

X S EW ATH XK FA DCKA XRD TPT SCTTV DYS TVY FVNTI EVW VEA

—— —0—t0-0— —e . ~e. e e ]
GAGAATGCCC TTGGGAAGGT TACATCAGAT CATATCAATT TTGATCCIGT ATATAAAGTG AAGCCCAATC CGCCACATAA TTTATCAGTG ATCAACTCAG AGGAACTGTC TAGTATCTTA
ENAL G KV TS8D HINTF DPV YKV KPNP PHN LSV I NSE ELS §11L

GAGAATGCTC TGGGCAAGGT GACCTCTGAC CACATCAACT TCGACCCCCT GTACAAGGTG AAGCCTAACC CTCCTCACAA CCTGTCCGTG ATCAACTCTG AGGAGCTGTC CTCTATCCIG

ENAL G XKV T SD HINZPF® DPV YKV KPNZP PHEN LSV INSE ELS S T1ITL

- —a .

ses— -0
ABATTGACAT GGACCAACCC AAGTATTAAG ACTGTTATAA TACTAAAATA TAACATTCAA TATAGGACCA AAGATGCCTC AACTTGGAGC CAGATTCCTC CTGAAGACAC AGCATCCACC
XKL TW TNP 85I XK S$VII LKY NIQ YRTIKDAS TWS QTIZPP EDT AST

AAGCTGACCT GGACCAACCC TTCCATCAAG TCCGTGATCA TCCTGARAGTA CARCATCCAG TACAGGACCA AGGATGCTTC TACCTGGTCT CAGATCCCTC CTGAGGATAC CGCTTCCACC

X L TW TNP S$S$IK SVITI LKY NIQ YRTZE XK DAS TWS QITPP EDT AST

— sese . Py o *— e

CGATCTTCAT TCACTGTCCA AGACCTTARA CCTTTTACAG AATATGTGTT TAGGATTCGC TGTATGAAGG AAGATGGTAA GGGATACTGG AGTGACTGGA GTGAAGAAGC AAGTGGGATC
R $ S F TVQ DLX PFTE YV?P RIR CMIXKXE DGX GYW S§DWS EEA S CGI
AGATCCAGCT TCACAGTGCA GGACCTGAAG CCTTTTACCG AGTACGTGTT CAGGATCCGG TGCATGAAGG AGGATGGCAA GGGCTATTGG TCTGACTGGT CIGAGGAGGC TTCTGGCATC

R SS8F TVQ DLX PFTE YVF RIRCMEKE DGIK GYW 5DWS EEA S GTI

L e S B ] [ P TR T T L
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8gpl30Fc_wt

8gpl30Fc_opt

8gpl30Fc_wt

8gpllOFc_opt

8gpl30Fc_wt

sgpl30Fc_opt

8gpl30Fc_wt

8gpli0Fc_opt

#9611

#961

#1081

#1081

#1201

#1201

#1321

#1321

ACCTATGAAG ATAGACCATC TAAAGCACCA AGTTTCTGGT ATAAAATAGA TCCATCCCAT ACTCAAGGCT ACAGAACTGT ACAACTCGTG TGGAAGACAT TGCCTCCTTT TGAAGCCAAT
TYED RPS KAaP SF WY KID PSHK TQGY RTYV QLV WKTUL PPF EAN
ACCTACGAGG ACAGACCTTC TAAGGCCCCT AGCTTCTGGT ACAAGATCGA CCCTTCTCAC ACCCAGGGCT ATAGAACAGT GCAGCTGGTG TGGAAAACCC TGCCTCCATT CGAGGCTAAT

T YED RPS KAUP 8 FWY K1I1D PSH TQGY RTV QLV WKTIL P PF EAN

» . — ——— b —_ . N +—as .

GGAAAAATCT TGGATTATGA AGTGACTCTC ACAAGATGGA AATCACATTT ACAAAATTAC ACAGTTAATG CCACAAAACT GACAGTAAAT CTCACAAATG ATCGCTATCT AGCAACCCTA
G K IL DYE VTUL TRMW®WI K §HL QNY TVNATI KL TVN LTNUD RYUL ATL
GGCAAGATCC TGGACTATGA GGTGACCCTG ACCAGATGGA AGTCTCACCT GCAGAACTAC ACCGTGAACG CTACCAAGCT GACCGTGAAC CTGACCARCG ATAGATACCT GGCTACCCTG

G K 1L DYE VTL TRWIEK SHL QNY TVNATE KL TVN LTND RYUL ATL

o—a " —_— —y—y o

.
ACAGTAAGAA ATCTTGTTGG CAAATCAGAT GCAGCTGTTT TAACTATCCC TGCCTGTGAC TTTCARGCTA CTCACCCTGT AATGGATCTT AAAGCATTCC CCAAAGATAA CATGCTTTGG
T VRN L VG KSD AAVL TIP ACD FQAT HPV MDL KAFP KDDNMILW

ACCGTGAGAA ATCTGOTGGG CAAGTCTGAT GCOTGCTGTGC TGACCATCCC TGCCTGTGAT TTTCAGGCTA CCCACCCTCT GATGGATCTG AAGGCCTTCC CCAAGGATAA CATGCTGTGG

T VRN L VG KSD AAVL TIP ACD FQAT HPV MDL KAFUP KDN ML W

— 40 -4 P - ’ .

GTGGAATGGA CTACTCCAAG GGAATCTGTA ARGAAATATA TACTTGAGTG GTGTGTGTTA TCAGATAAAG CACCCTGTAT CACAGACTGG CARCAAGAAG ATGGTACCGT GCATCGCACC
VEWT TPR ESV KKYI LEW CVL $SDKA PCI TDW QQED GTV HRT
GTGGAGTCGA CAACACCTAG AGAGTCCGTG AAGAAGTACA TCCTGGAGTG GTGCGTGCTG TCTGATAAGG CCCCTTGCAT CACAGATTGG CAGCAGGAGG ATGGCACCGT GCATAGAACC

VEWT TPR E SV KKYTI LEW CVL §DIKAUEPRPCI TDW QQEUD GTV HRT
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8gpP130Fc_wt

sgpl30Fc_opt

8gpl30Fc_wt

mmvwwomn4oun

8gpl30Fc_wt

sgpl130Fc_opt

egpl30Fc_wt

B8gpl30Fc_opt

#1441

#1441

#1561

#1561

#1681

#1681

#1801

#1801

TATTTAAGAG GGAACTTAGC AGAGAGCAMA aanaa%aaob TAACAGTTAC TCCAGTATAT GCTGATGGAC CAGGAAGCCC TGAATCCATA AAGGCATACC TTAAACAAGC TCCACCTTCC
YyLRG NLA ESK CYLTIT TVT PVY ADGP GSP ESI1I KAVYL KQ@a p P 8
TACCTGAGAG GCAATCTGGC CGAGTCTAAG TGCTATCTGA TCACCGTGAC CCCTGTGTAT GCTGATGGAC CTGGCTCTCC TGAGTCTATC AAGGCCTACC TGAAGCAGGC TCCTCCATCT

Y LRG NLA ESK CYLTI TVT PVY ARDGP G6SP ESTI ¥KAVYL KQA PP S

— @~

0t 00— e G BB Ol — e

e LI L

AMRGGACCTA CTGTTCGGAC ARAARAAGTA GGGAARARACG AAGCTGTCTT AGAGTGGGAC CAACTTCCTG TTGATGTTCA GAATGGATTT ATCAGARAATT ATACTATATT TTATAGAACC
KG6PT VRT KXV GKNE AVL EWD QLPV DVEQE NGF IRNY TIPF YRT
AAGGGACCTA CCGTGAGGAC AAARGAAGGTG GGCAAGAACG AGGCTGTGCT GGAGTGGGAT CAGCTGCCTG TGGATGTGCA GAACGGCTTC ATCCGGAACT ACACCATCTT CTACOGGACC

KGPT VRT KKV GKNE AVL EWD QLPV DVQ NGF I RNY TITF YRT

—a

— e

—ht—. 4 e s _

. —— 00t
ATCATTGGAA ATGAAACTGC TGTGAATGTG GATTCTTCCC ACACAGRATA TACATTGTCC TCTTTGACTA GTGACACATT GTACATGGTA CGAATGGCAG CATACACAGA TGAAGGTGGG
I TGN ETA VNV DS SH TEY TLS 5L TS DTL YMV RMAAVYTD E GG

ATCATCGGCA ATGAGACCGC CGTGAACGTG GATTCTTCCC ACACCGAGTA CACACTGTCC TCTCTGACCT CTGACACCCT GTACATGGTG AGAATGGCCG CTTATACCGA TGAGGGCGGC

I 1 GN ETA VNV DS SH TEY TLS LTS DTL YMV RMAA Y TD EGG

. .

[ D . . —

ARGGRTGGTC CAGRATTCAG ATCTTGTGAC ARAACTCACA CATGCCCACC GTGCCCAGCA CCTGRAGCCG AGGGCGCGCC GTCAGTCTTC CTCTTCCCCC CAAAACCCAA GGACACCCTC
KDGP EFR $CD KTHT CPP CPA PEARE GAP SVF LPFPP KPZK DTOTL
ARGGATGGAC CTGAGTTCAG ATCCTGCGAC ARGACCCACA CCTGTCCTCC TTGTCCTGCT CCTGAGGCTG AGGGCGCTCC TTCTGTGTTT CTGTTCCCCC CAAAGCCTAR GGATACCCTG

KDGP EPFR $S$CD KTHT CPP CPA PEAE GAP SVF LF PP KPZK DTL

— s ) ——— S— B8 . P PR .
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8gpll0Fc_wt

8gpl30Fc_opt

8gpl30Fc_wt

8gpl30Fc_opt

8gpl30Fc_wt

egpl30F¢c_opt

sgpl3i0Fc_wt

89pl30Fc_opt

#1921

#1921

#2041

#2041

#2161

#2161

#2281

#2281

ATGATCTCCC GGACCCCIGA GGTCACATGC GTGCTGGTGG ACGTGAGCCA CGAAGACCCT GAGGTCAAGT TCAACTGGTA CGTGGACGGC GTGGAGGTGC ATAATGCCAR GACAAAGCCG
M I SR TPE VTC VVVD VSH EDP EVKF NWY VDG VEVH NAIK TIXKS®P
ATGATCTCCA GAACCCCTGA GGTGACATGT GTGGTGGTGG ATGTGTCTCA TGAGGACCCC GAGGTGAAGT TCAACTGGTA CGTGGATGGC GTGGAGGTGC ACAARTGCTAA GACCARGCCT

M I R TPE VTC VVVD VSH EDP EVKF NWY VDG VEVH NAIK TIKP

— ———are—

CGGGAGGAGC AGTACAACAG CACGTACCGT GTGGTCAGCG TCCTCACCGT CCTGCACCAG GACTGGCTGA ATGGCAAGGA GTACAAGTGC AAGGTCTCCA ACAAAGCCCT CCCAGCCCCC
R EEQ YNS TYR VVSV LTV LHEQ DWIULN GKE Y KXKC KVSN KAL PAP
AGGGAGGAGC AGTACAACTC CACCTACAGA GTGGTGTCTG TGCTGACAGT GCTGCATCAG GATTGGCTGA ACGGCAAGGA GTACAAGTGC AAGGTGTCCA ACARGGCTCT GCCTGCTCCT

REEQ ¥YNS TYR VVSV LTV LHNQ DWILN GKE Y KOC KVSN KAL PATP

Py - o—o 0000— —4—9—9 ° ..

o—0—3—o
ATCGAGAAAA CCATCTCCAR AGCCAAAGGG CAGCCCCGAG AACCACAGGT GTACACCCTG CCCCCATCCC GGGAGGAGAT GACCAAGAAC CAGGTCAGCC TGACCTGCCT GGTCAAAGGC
I E X T I S K A KG QP RE PQV YTUL PPSR EEM TKN QVSL TCL V KG

ATCGAAAAGA CCATCTCCAA GGCTAAGGGA CAGCCTAGAG AGCCTCAGGT GTACACACTG CCTCCATCTA GGGAGGAGAT GACCAAGAAT CAGGTGTCCC TGACCTGTCT GGTGAAGGGC

I EXK T I S K A KG QPRE PQV YTTUL PPSR EEM T KN QVSL TCL VKG

*— ] '] o~

TTCTATCCCA GCGACATCGC CGTGGAGTGG GAGAGCAATG GGCAGCCGGA GAACAACTAC AAGACCACGC CTCCOGTGCT GGACTCCGAC GGCTCCTTCT TCCTCTATAG CAAGCTCACC
P YPS DIA VEW ESNG QPE NNY KTT®P PVL DSD GSFF LYS KLULT
TTCTACCCTT CTGATATCGC TGTGGAGTGG GAGTCTAATG GCCAGCCCGA GAACAATTAC AAGACCACCC CTCCTGTGCT GGATTCTGAC GGCTCCTTCT TCCTGTACTC CAAACTGACC

FYPS DIAN VEW ESNG QPE NNY KTTP PVL DSD GSFF LYS XKLT

+—e0 t0—s . p—

—,——y— .
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B8gpl130Fc_wt #2401 GTGGACAAGA GCAGGTGGCA GCAGGGGAAC GTCTTCTCAT GCTCQGTGAT GCATGAGGCT CTGCACAACC ACTACACGCA GAAGAGCCTC TCCCTGTCTC CGGGTAARTG A
VDKS RWQ QGN VFSC SVM BKREATLIHNEHE YTQ KsSL s§LSP G K .
Bgpl30Fc_opt #2401 GTGGACAAGT CTAGATGGCA GCAGGGCAAC GTGTTCTCTT GTTCCGTGAT GCACGAGGCT CTGCACAATC ACTATACCCA GAAGTCCCTG TCTCTGTCTC CTGGCAAGTG A

vV DKS RWQ QGN VFSC $S$VM HEA LHNHYTQ KSL 5L S P G K .

.o —_— . PP el @ e o . )l el n —
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Figure 5
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HUMAN INTERLEUKIN-11 RECEPTOR

Field of the Invention

The present invention relates to the human interleukin-11 receptor,
fragments thereof and recombinant polynucleotides and cells usefu] for

expressing such proteins.

Background of the Invention

A variety of regulatory molecules, known as cytokines, have been
identified including interleukin-11 (IL-11). The various protein forms of IL-11
and DNA encoding various forms of IL-11 activity are described in Bennett, er
al., USPN 5,215,895 (June 1, 1993); McCoy, er al., USPN 5,270,181
(December 14, 1993); and McCoy, er al., USPN 5.292,646 (March 8, 1994),
all incorporated herein by reference. Thus, the term "IL-11" includes proteins
having the biological activity described in these patents, whether produced by
recombinant genetic engineering techniques; purified from cell sources
producing the factor naturally or upon induction with other factors:' or
synthesized by chemical techniques; or a combination of the foregoing.

IL-11 is a pleiotropic cytokine that has been implicated in production of
several biological activities including: induction of multipotential hematopoielic
progenitor cell proliferation (Musashi et al. (1991) Blood. 78, 1448-1451);
enhancement of megakaryocyte and platelet formation (Burstein e al. (1992) )

Cell. Physiol., 153, 305-312): stimulation of acute phase protein synthesis
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(Baumann et al. (1991) J. Biol. Chem., 266, 20424-20427); inhibition of
adibocyte lipoprotein lipase activity (Kawashima et al. (1991) FEBS Lett., 283,
199-202); and effects on neurotransmitter phenotype (Fann et al. (1994) Proc.
Natl. Acad. Sci. USA, 91, 43-47).

IL-11 may be used in a pharmaceutical preparation or formulation to
treat immune deficiencies, specifically deficiencies in hematopoietic progenitor
cells, or disorders relating thereto. Treatment of the other disorders or
stimulation of the immune systems of cells thereof may also employ IL-11. IL-
11 may also be employed in methods for treating cancer and other disease.
Such pathological states may result from disease, exposure to radiation or
drugs, and include, for example, leukopenia, bacterial and viral infections,
anemia, B cell or T cell deficiencies such as immune cell or hematopoietic cell
deficiency following a bone marrow transplantation. IL-11 may also be used
to potentiate the immune response to a variety of vaccines creating longer
lasting and more effective immunity. Therapeutic treatment of cancer and other
diseases with IL-11 may avoid undesirable side effects caused by tre.atmem with
presently available drugs.

Like most cytokines, IL-11 exhibits certain biological activities by
interacting with an IL-11 receptor (IL-11R) on the surface of target cells. It
would be desirable to identify and clone the sequence for the human receptor
so that IL-11R proteins can be produced for various reasons, including
production of therapeutics and screening for inhibitors of 1L-11 binding to the

receptor and receptor signalling.

19

Ex. 2001 - Page198



WO 96/19574 PCT/US95/15400

Summary of the Invention

In accordance with the present invention, polynucleotides encoding the
human interleukin-11 receptor are disclosed. In certain embodiments, the
invention provides an isolated polynucleotide comprising a nucleotide sequence

5 selected from the group consisting of:

(a) the nucleotide sequence of SEQ ID NO:1 from nucleotide 803 to
nucleotide 1999,

(b) a »nucleotide sequence varying from the sequence of the
nucleotide sequence specified in (a) as a result of degeneracy of the genetic

10 code; and

(©) an allelic variant of the nucleotide sequence specified in (a).
Preferably, the nucleotide sequence encodes a protein having a biological
activity of the human IL-11 receptor. The nucleotide sequence may be operably
linked to an expression control sequence. In preferred embodiments, the

15 polynucleotide comprises the nucleotide sequence of SEQ ID NO:1 from
nucleotide 803 to nucleotide 1999 or a fragment thereof; the nucleotide
sequence of SEQ ID NO:1 from nucleotide 803 to nucleotide 1828 or a
fragment thereof; the nucleotide sequence of SEQ ID NO:1 from nucleotide
1904 to nucleotide 1999 or a fragment thereof; the nucleotide sequence of SEQ

20 ID NO:1 from nucieotide 734 to nucleotide 1999 or a fragment thereof; the
nucleotide sequence of SEQ ID NO:1 from nucleotide 1067 to nucleotide 1828
or a fragment thereof; or the nucleotide sequence of SEQ ID NO:1 from
nucleotide 1067 to nucleotide 1999 or a fragment thereof. In other

embodiments, the polynucleotide comprises a nucleotide sequence capable of
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hybyidizing to the nucleotides sequence of SEQ ID NO:1 under highly stringent
conditions.

The invention also provides isolated polynucleotides comprising a
nucleotide sequence encoding a peptide or protein comprising an amino acid
sequence selected from the group consisting of:

(a) the amino acid sequence of SEQ ID NO:2;

(b) the amino acid sequence of SEQ ID NO:2 from amino acids 24

to.422;

(c) the amino acid sequence of SEQ ID NO:2 from amino acids 24

to 365;
) the amino acid sequence of SEQ ID NO:2 from amino acids 391
to 422;

(e) the amino acid sequence of SEQ ID NO:2 from amino acids 112
to 422;

() the amino acid sequence of SEQ ID NO:2 from amino acids 112
to 365; and -

(g) fragments of (a)-(f) having a biological activity of the human IL-
11 receptor.

Host cells, preferably mammalian cells, transformed with the
polynucleotides are also provided.

In other embodiments, the invention provides a process for producing
a human IL-11R protein. The process comprises:

(a) growing a culture of the host cell of the present invention in a

suitable culture medium: and
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(b) purifying the human IL-11R protein from the culture.
Proteins produced according to these methods are also provided.
The present invention also provides for an isolated human IL-1]R

protein comprising an amino acid sequence selected from the group consisting

5 of:
(a) the amino acid sequence of SEQ ID NO:2;
(b) the amino acid sequence of SEQ ID NO:2 from amino acids 24
to 422,
©) the amino acid sequence of SEQ ID NO:2 from amino acids 24
10 to 365;
@ the amino acid sequence of SEQ ID NO:2 from amino acids 391
to 422;
(e) the amino acid sequence of SEQ ID NO:2 from amino acids 112
to 422;
15 ) the amino acid sequence of SEQ ID NO:2 from amino acids 112
to 365; and

€3] fragments of (a)-(f) having a biological activity of the human 1L-

11 receptor. Preferably the protein comprises the amino acid sequence of SEQ

ID NO:2; the sequence from amino acid 24 to 422 of SEQ ID NO:2: the

20 sequence from amino acid 24 to 365 of SEQ ID NO:2: or the sequence from
amino acid 391 to 422 of SEQ ID NO:2. Pharmaceutical compositions
comprising a protein of the present invention and a pharmaceutically acceptable

carrier are also provided.
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The present invention further provides for compositions comprising an
antibody which specifically reacts with a protein of the present invention.
Methods of identifying an inhibitor of IL-11 binding to the human IL-11
receptor are also provided. These methods comprise:
5 (@) combining a human IL-11R protein or a fragment thereof with
IL-11 or a fragment thereof, said combination forming a first binding mixture;
(b) measuring the amount of binding between the protein and the IL-
11 or fragment in the first binding mixture;
(©) combining a compound with the protein and the IL-11 or

10 fragment to form a second binding mixture;

@ measuring the amount of binding in the second binding mixture:;
and

(e) comparing the amount of binding in the first binding mixture with
the amount of binding in the second binding mixture;

15 wherein the compound is capable of inhibiting IL-11 binding to the human IL-
11 receptor when a decrease in the amount of binding of the second binding
mixture occurs. Optionally, the first and/or second binding mixwre may
further comprise gp130 or a fragment thereof capable of binding to the protein
of claim 11 or the IL-11 or fragment used therein. Inhibitors of IL-11R

20 identified by these methods and pharmaceutical compositions containing them
are also provided.

Methods of inhibiting binding of IL-11 to the human IL-11 receptor in
a mammalian subject are also disclosed which comprise administering a

therapeutically effective amount of a composition containing a human IL-11R
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protein, an IL-11R inhibitor or an antibody to a human IL-11R protein.
Methods of treating or preventing loss of bone mass in a mammalian subject

using these compositions are also provided.

5 Brief Description of the Figures

Figure 1 depicts a schematic representation of the structures of the
human IL-11 receptor and gp130.

Figure 2 presents data demonstrating the biological activity of a soluble
form of recombinant human IL-11R protein.

10
Detailed Description of Preferred Embodiments

The inventors of the present application have for the first time identified
and provided a polynucleotide encoding the human IL-11 receptor (human IL-
11R).

15 SEQ ID NO:1 provides the nucleotide sequence of a cDNA encoding the
human IL-11R. SEQ ID NO:2 provides the amino acid sequence of the
receptor, included a putative signal sequence from amino acids 1-23. The
mature human IL-11R is believed to have the sequence of amino acids 24422
of SEQ ID NO:2.

20 The mature receptor has at least three distinct domains: an extracellular
domain (comprising approximately amino acids 24-365 of SEQ ID NO:2). a
transmembrane domain (comprising approximately amino acids 366-390 of SEQ
ID NO:2) and an intracellular domain (comprising approximately amino acids

391-422 of SEQ 1D NO:2). The extracellular domain is further divided into an
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immunoglobulin-like domain (comprising approximately amino acids 24-111 of
SEQ ID NO:2) and a type-I-cytokine domain (comprising approximately amino
acids 112-365 of SEQ ID NOQO:2).

Soluble forms of human IL-11R protein can also be produced. Such
soluble forms include without limitation proteins comprising amino acids 1-365
and 24-365 of SEQ ID NO:2. The soluble forms of the human IL-11R are
further characterized by being soluble in aqueous solution, preferably at room
temperature. Human IL-11R proteins comprising only the intracellular domain
or a portion thereof may also be produced. Any forms of human IL-11R of
less than full length are encompassed within the present invention and are
referred to herein collectively as "human IL-11R" or "human IL-11R proteins. "
Human IL-11R proteins of less than full length may be produced by expressing
a corresponding fragment of the polynucleotide encoding the full-length human
IL-11R protein (SEQ ID NO:1). These corresponding polynucleotide fragments
are also part of the present invention. Modified polynucleotides as described
above may be made by standard molecular biology techniques, including
construction of appropriate desired deletion mutants, site-directed mutagenesis
methods or by the polymerase chain reaction using appropriate oligonucleotide
primers.

Based upon similarity to the structure of the IL-6 receptor, it is predicted
that IL-11R proteins containing only the type-I cytokine dbmain of the
extracellular region of the full length receptor will be capable of binding 1L-11
and inducing receptor signalling. As a result, IL-11R proteins comprising

amino acids 112 to 365 of SEQ ID NO:2, IL-11R proteins comprising amino

Ex. 2001 - Page204



WO 96/19574 PCT/US95/15400

acids 112 to 390 of SEQ ID NO:2, and IL-11R proteins comprising amino acids

112 to 422 of SEQ ID NO:2 are provided by thcv present invention.

Polynucleotides encoding such proteins (such as for example a polynucleotide

comprising the nucleotides sequence of SEQ ID NO:1 from nucleotide 1067 to

5 nucleotide 1828, a polynucleotide comprising the nucleotides sequence of SEQ

ID NO:1 from nucleotide 1067 to nucleotide 1906, and a polynucleotide

comprising the nucleotides sequence of SEQ ID NO:1 from nucleotide 1067 to
nucleotide 1999,' respectively) are also provided by the invention.

For the purposes of the present invention, a protein has "a biological

10 activity of the human IL-11 receptor” if it possess one or more of the following

characteristics: (1) the ability to bind IL-11 or a fragment thereof (preferably

a biologically active fragment thereof); (2) the ability to bind to cytosolic

proteins or molecules involved in the signalling pathway invoked by IL-11

binding to human IL-11R; (3) the ability to produce a signal characteristic of

15 the binding of IL-11 to human IL-11R (where the protein in question either

contains a portion able to bind IL-11 or where the protein in question would

produce such signal if joined to another protein which is able to bind IL-11);

(4) the ability to bind to gp130 or a fragment thereof (either in the presence or

absence of IL-11); (5) the ability to induce tyrosine phosphorylation of gp130;

20 (6) the ability to induce tyrosine phosphorylation of JAK kinases; or (7) the

ability to induce tyrosine phosphorylation of the STAT family of DNA binding

proteins (Zhong et al. (1994) Science 264, 95-98). Preferably. the biological

activity possessed by the protein is the ability to bind IL-11 or a fragment
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hereof, more prefereably with a Ky of about 0.1 to about 100 nM, most
preferably with a K of about 1 to about 10 nM.

Human IL-11R or active fragments thereof (human IL-11R proteins)
may be fused to carrier molecules such as immunoglobulins. For example,
soluble forms of the human IL-11R may be fused through "linker" sequences
to the Fc portion of an immunoglobulin. Other fusions proteins, such as those
with GST, Lex-A or MBP, may also be used.

The invention also encompasses allelic variations of the nucleotide
sequence as set forth in SEQ ID NO:1. that is, naturally-occurring alternative
forms of the isolated polynucleotide of SEQ ID NO: 1 which also encode
human IL-11IR proteins, preferably those proteins having a biological activity
of human IL-11R. Also included in the invention are isolated polynucleotides
which hybridize to the nucleotide sequence set forth in SEQ ID NO:1 under
highly stringent conditions (for example, 0.1xSSC at 65°C). Isolated
polynucleotides which encode human IL-11R proteins but which differ from the
nucleotide sequence set forth in SEQ ID NO:1 by virtue of the degeneracy of
the genetic code are also encompassed 