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Singapore Exhibit 2001 
Lassen v. Singapore et al. 
PGR2019-00053

UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

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

DATED : October 23, 2018

INVENTOR(S) : Stuart Alexander Cooket al.

lt 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, thetext:

“A method oftreating fibrosis in the human subject, the method comprising administering to a human
subject in”
Should be replaced with the text:
--A methodoftreating fibrosis in a human subject, the method comprising administering to the human
subject in--.

Signed and Sealed this
Fifth Day of February, 2019

Andrei Jancu

Director ofthe United States Patent and Trademark Office

Singapore Exhibit 2001
Lassen v. Singaporeetal.
PGR2019-00053
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Docket No.: M0546.70012US01

(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

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: TREATMENTOF FIBROSIS

Examiner: P. M.Mertz

Art Unit: 1646

Certificate of Electronic Filing under 37 C.F.R. § 1.8
| herebycertify that this paper (along with any paperreferred 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 CER 1.322

Attention: Certificate of Correction Branch

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

DearSir:

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 oftreating fibrosis in the human subject, the method comprising administering lo

a human subject in” should be replaced with the text --A method oftreating fibrosis in a human

subject, the method comprising administering to the humansubjectin--.

6755676.1

Ex. 2001 - Page2



Ex. 2001 - Page3

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

This error was made by the USPTO as evidenced bythe claimsin the Preliminary

Amendmentfiled by Applicant on May 24, 2018 and the Examiner’s Amendmentto the claims in

the Notice of Allowance dated August 3, 2018. See, in particular, claim 1 on page 3 of the

Preliminary Amendmentand the Examiner’s Amendmentto 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 ta a collection of information unless it displays a valid OMB control number.

(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARKOFFICE

CERTIFICATE OF CORRECTION

PATENT NO. : 10,106,603

APPLICATION NO.—: 15/988,463

ISSUE DATE : October 23, 2018

INVENTOR(S) : Stuart Alexander Cooketal.

It is certified that an error appears or errors appearin 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 oftreating fibrosis in a human
subject, the method comprising administering to the human subjectin--. 

MAILING ADDRESS OF SENDER (Please do not use Customer Numberbelow):
Amy McMahon Krom, PhD
WOLF, GREENFIELD & SACKS,P.C. 1
600 Atlantic Avenue

Boston, Massachusetts 02210-2206
6755766.1
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Electronic AcknowledgementReceipt

a

seen

Title of Invention: TREATMENTOFFIBROSIS

First Named Inventor/Applicant Name: Stuart Alexander Cook

Customer Number: 23628

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) 

Paymentinformation:

Submitted with Payment

Document Document Description File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)

Miscellaneous Incoming Letter M054670012US01-TRN-AM.pdf; 3c2b489fb1de1d2bb89a766ab2782b5a7d
2739da 
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Information:

M054670012US01-RFCOC-AM.

Requestfor Certificate of Correction odf 175508ef030072/ffecSaef?bal 8c 1b068/ 3q

Warnings: 

Information: 

Request for Certificate of Correction M054670012US01-COC-AM.pd 105b2c16591 28d7a495 | 96d 2a0d429eae6i
7991  

Warnings:

Information:

Total Files Size (in bytes)

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

New Applications Under 35 U.S.C. 111

If a new applicationis being filed and the application includes the necessary componentsfora 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 shownon this
AcknowledgementReceiptwill establish thefiling 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/903indicating 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.
NewInternational Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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Doc Code: TRAN.LET

DocumentDescription: Transmittal Letter
USED IN LIEU OF PTO/SB/21 (07-09)

TRANSMITTAL Issued: October 23, 2018

FORM Stuart Alexander Cook
Art Unit 1646

(to be usedfor all correspondenceafterinitialfiling) P. M. Mertz

Total Number of Pagesin This Submission||Attomey Docket Number|nagsag 70012US01
ENCLOSURES(Checkall that apply)

[ Fee Transmittal Form[|Drawing(s) etelowance Communication
[| Fee Attached[|Licensing-related Papers Appeal Communication to Boardof Appeals and Interferences

i Appeal Communication to TC[] Amendment/Reply [| Petition (AppealNotice, Brief, Reply Brief)
[| After Final Petition to Convert to a Proprietary InformationProvisional Application

Lyi ‘ Pawerof Attorney, Revocation[| Affidavits/declaration(s) Changeof Correspondence Address Status Letter 
Extension of Time Request[|Terminal Disclaimer x|Other Enclosure(s) (pleaseIdentify below):

Express Abandonment Request[| Request for Refund Requestfor Certificate ofCorrection
Certificate of Correction

 

Information Disclosure Statement||CD, Numberof CD(s) 
  

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

  

Reply to Missing Parts/A Remarks
L__] Incomplete Application

  
Reply to Missing Parts
under 37 CFR 1.52 or 1.53

WOLF, GREENFIELD & SACKS, P.C.

Signaturepoe/Amy McMahon Krom/
Printed name|amy McMahon Krom, PhD 
Date January 10, 2019

Certificate ot Electronic Filing under 37 C.F.R. § 1.8
| herebycertify that this paper (along with any paperreferred 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
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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 unlessit displays a valid OMB control number.

“FEE ADDRESS”INDICATION FORM

Addressto: Fax to:
Mail Stop M Correspondence 571-273-6500
Commissionerfor Patents
P.O. Box 1450
Alexandria, VA 22313-1450

INSTRUCTIONS:Theissue fee must have been paid for application(s) listed on this form. In addition,
only an address represented by a Customer Numbercan be established as the fee address for maintenance
fee purposes(hereafter, fee address). A fee address should be established when correspondencerelated to
maintenancefees should be mailed to a different address than the correspondence addressfor the application.
Whento checkthefirst box below:If you have a Customer Numberto represent the fee address. When
to check the second box below: If you have no Customer Numberrepresenting 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” underthe 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)

- Co
Completed by (check one):

Applicant/Inventor /Amy McMahon Krom/
Signature

Attorney or Agentof 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 7.646.8000
(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
signatureis required, see below*.

 

[| * Total of forms are submitted.

Certificate of Electronic Filing under 37 C.F.R. § 1.8
| herebycertify that this paper (along with any paperreferred 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/

 
| 6837861.1
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Electronic AcknowledgementReceipt

a

seen

Title of Invention: TREATMENTOFFIBROSIS

First Named Inventor/Applicant Name: Stuart Alexander Cook

Customer Number: 23628

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) 

Paymentinformation:

Submitted with Payment

Document Document Description File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)

Transmittal Letter M054670012US01-TRN-AM.pdf| 604ab60c17¢101614978:.13126957aa2058) 
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Information:

Maintenance Fee Address Change M054670012US01-CHA-AM.pdf a68d73dc65865081d2cf200/ ea1Sdb89281
Oecde

Warnings: 

Information: 

TotalFiles Size (in bytes)

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

New Applications Under 35 U.S.C. 111

If a new applicationis being filed and the application includes the necessary componentsfora 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 shownonthis
AcknowledgementReceiptwill establish thefiling 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 acceptanceof 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.
NewInternational Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
andof the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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Doc Code: TRAN.LET

DocumentDescription: Transmittal Letter
USED IN LIEU OF PTO/SB/21 (07-09)

TRANSMITTAL Issued: October 23, 2018

FORM

(to be usedfor all correspondenceafterinitial filing) P.M. Mertz

ENCLOSURES(Checkall that apply)

[ Fee Transmittal Form Drawing(s) [ nieeAlowance Communication
[]Fee Attached Licensing-related Papers [ Appeal Communication to Boardof Appeals and Interferences

Examiner Name

i Appeal Communication to TCL Amendment/Reply Petition [| (Appeal Notice, Briet, Reply Brief)
[]After Final Petition to Convert to a [ Proprietary InformationLJ Provisional Application

Shea : [| Powerof Attorney, Revocation[]Affidavits/declaration(s) L_| change of Correspondence Address Status Letter 
[| Extension of Time Request Terminal Disclaimer [x] Other Enclosure(s) (pleaseIdentify below):

[| Express Abandonment Request Request for Refund Fee AddressIndication Form 

  
[| Information Disclosure Statement CD, Numberof CD(s)

[| Certified Copy of Priority [] Landscape Table on CDDocument(s)

Reply to Missing Parts/
Incomplete Application

Reply to Missing Parts
under 37 CFR 1.52 or 1.53

 

    
WOLF, GREENFIELD & SACKS,P.C.

SignaturePoe|/Amy McMahon Krom/
or

rinted name Amy McMahon Krom 

Date December14, 2018

Certificate of Electronic Filing under 37 C.F.R. § 1.8
| hereby certify that this paper (along with any paperreferred 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 ATLANTIG 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 outgaing correspondencewill be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:

The list of documents shownbelow is provided as a courtesy andis not partof the official file
wrapper. The content of the images shownin PAIR is the official record.

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

To view your correspondenceonline 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 subjectline or call 1-866-217-9197 during the following hours:

Monday- Friday 6:00 a.m. to 12:00 a.m.

Thank you for promptattention 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.O. 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 M0546.70012US01 7597

 
23628 7590 10/03/2018

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

BOSTON, MA 02210-2206
UNITED STATES OF AMERICA

ISSUE NOTIFICATION

The projected patent numberandissue 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 Adjustmentis 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustmenton the front page.

If a Continued Prosecution Application (CPA) wasfiled in the above-identified application, the filing date that
determines Patent Term Adjustmentis 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) WEBsite (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 WEBsite http://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
worksto encourage andfacilitate business investment. To learn more about why the USAis the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA. gov.

IR103 (Rey. 10/09)
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCEUnited States Patent and TrademarkOffice
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450www.uspto.gov

 
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. CONFIRMATION NO.

15/988,463 05/24/2018 Stuart Alexander Cook M0546.70012US01 7597

WOLF GREENFIELD & SACKS, P.C. [never]
600 ATLANTIC AVENUE MERTZ, PREMA MARIA
BOSTON, MA 02210-2206
UNITED STATES OF AMERICA

1646

NOTIFICATION DATE DELIVERY MODE

09/25/2018 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

Thetime 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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Application No. 
 
 

Applicant(s)

15/988 463  
 

 

 
  

 
 
 

 
 

Response to Rule 312 Communication An Unit

-- The MAILING DATEofthis communication appears on the cover sheet with the correspondenceaddress —

1. K] The amendmentfiled on 20 September 2018 under 37 CFR 1.312 has been considered, and has been:

a) K) entered.

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

c)) disapproved because the amendmentwasfiled after the paymentofthe issue fee.

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

the required fee to withdraw the application from issue.

d)( disapproved. See explanation below.

 
e) ( entered in part. See explanation below.

CHilliard

U.S. Palent and Trademark Office

PTOL-271 (Rev. 04-01) Reponseto 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 ATLANTIG 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 outgaing correspondencewill be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:

The list of documents shownbelow is provided as a courtesy andis not partof the official file
wrapper. The content of the images shownin PAIR is the official record.

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

To view your correspondenceonline 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 subjectline or call 1-866-217-9197 during the following hours:

Monday- Friday 6:00 a.m. to 12:00 a.m.

Thank you for promptattention 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 ATLANTIG 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 outgaing correspondencewill be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:

The list of documents shownbelow is provided as a courtesy andis not partof the official file
wrapper. The content of the images shownin PAIR is the official record.

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

To view your correspondenceonline 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 subjectline or call 1-866-217-9197 during the following hours:

Monday- Friday 6:00 a.m. to 12:00 a.m.

Thank you for promptattention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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UNITED STATES PATENT AND TRADEMARK OFFICE TINITED STATES DEPARTMENT OF COMMERCE
United States Patent and 'lrademarkOffice
Address: COMMTSSIONER, FOR PATENTSP.C. Box 1450

Alexandria, Virgnia 22313-1450Wwww.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 AMATAEA000000102465979
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:/Awww.uspto.gov/pattt/.

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 paymentof 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 reachedby telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and TrademarkOffice,
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 correspondencefiled in the Office, may also be accessedvia 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. Thedirectlink 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 TRADEMARKOFFICE

First Named Inventor: Stuart Alexander Cook

Application No.: 15/988,463
Confirmation No.: 7597

Filed: May 24, 2018
For: TREATMENTOFFIBROSIS

Examiner: P. M. Mertz

Art Unit: 1646

Certificate of Electronic Filing under 37 C.F.R. § 1.8
| herebycertify that this paper (along with any paperreferred 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: September20, 2018 Electronic Signature for Nancy J. Arsenault: /Nancy J. Arsenault/

AMENDMENT AFTER ALLOWANCE UNDER37 C.E.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 amendthe 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
Amendmentdated September 20, 2018
After Allowance Under 37 C.F.R. § 1.312

AMENDMENTS TO THE SPECIFICATION

Please amendthe Specification as follows:

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

paragraph:

Wefirst generated RNA-seq data (Figure 16Errer!}Referenee-seurcenetfeund.) and determined

the genotype of 69 ethnically matched (Chinese) individuals in the cohort using a SNParray based

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

66274281
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Application No.: 15/988,463 3 Docket No.: M0546.70012US01
Amendmentdated September 20, 2018
After Allowance Under 37 C.F.R. § 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 submited on May 24, 2018 contained the phrase “Error! Reference source not found.”

By this amendment, Applicant has amendedthe 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

66274281
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Commissionerfor 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 ofAllowance 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). Ifthe 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 maybe 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)(@v), “all outstanding
requirements” will be considcred to have becn satisficd when the informality has becn corrected. A
failure to respond within the above-identified time period will result in the application being
ABANDONED.

See attachment(s).

A copy ofthis notice MUSTbe returned with the reply. Please address response to
“Mail Stop Issue Fee, Commissionerfor 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 SEPTEMBER16, 2012

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

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

Claimsfiled , claim(s) .
   

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 maybe added.
Page/line no(s).

[ 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.LI The Application Data Sheet (ADS dated ) does not supply the inventor’s city and/or does not supplythe
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 strikcthroughs or brackcts for delctions.

 

Other:   
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Docket No.: M0546.70012US01

(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

First Named Inventor: Stuart Alexander Cook

Application No.: 15/988,463
Confirmation No.: 7597

Filed: May24, 2018
For: TREATMENT OF FIBROSIS

Examiner: P. M.Mertz

Art Unit: 1646

Certificate of Electronic Filing under 37 C.F.R. § 1.8
| herebycertify that this paper (along with any paperreferred 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: September20, 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. 81.312 anda

Copy of the Notice.

Applicant believes no [ee is due with this response. However,if a [ee 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 AcknowledgementReceipt

ee

seen

Title of Invention: TREATMENTOFFIBROSIS

First Named Inventor/Applicant Name: Stuart Alexander Cook

Customer Number: 23628

Amy Jeanette McMahon/NancyArsenault

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) 

Paymentinformation:

Submitted with Payment

Document Document Description File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)

Miscellaneous Incoming Letter M054670012US01-TRN-AM.pdf; b37cal7b3611[81161879498b50a2023560q} 
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Information:

M054670012US01-312AMN-

AM.padf 951 1ea90b0¢37038ecc916e8cF330daéclal

Multipart Description/PDFfiles in .zip description 

DocumentDescription

Amendmentafter Notice of Allowance (Rule 312)

Specification

Applicant Arguments/Remarks Made in an Amendment

 
Warnings: 

Information:

M054670012US01-NTCAP-AM.
Miscellaneous Incoming Letter

g pdf 76245 ef2cf7 Sf5af$3 bebS6c1 d385dd 1aac3y
8cb

 

Warnings:

Information:

M05467001 2US01-RNTCAP-

Miscellaneous Incoming Letter AM.pdf S5SabdSc2f73d21ed56b594d292e2e4ac8q}
7376

Information:

 
Total Files Size (in bytes) 159526 

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

New Applications Under 35 U.S.C. 111
If a new applicationis being filed and the application includes the necessary componentsfora 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 shownonthis
AcknowledgementReceiptwill establish thefiling 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/903indicating acceptance of the application as a
national stage submission under35 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 componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the Intemational Application Number
andofthe InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown onthis AcknowledgementReceiptwill establish the international filing date of
the application.
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Doc Code: TRAN.LET

DocumentDescription: Transmittal Letter
USED IN LIEU OF PTO/SB/21 (07-09)

15/988,463-Cont. #7597

TRANSMITTAL

FORM

Filing Date
May 24, 2018

First Named Inventor Stuart Alexander Cook
Art Unit

Examiner Name
(to be usedfor all correspondenceafterinitialfiling)

Total Number of Pagesin This Submission||Attomey Docket Number|nagsag 70012US01
ENCLOSURES(Checkall that apply)

[ Fee Transmittal Form

[| Fee Attached
Amendment/Reply

[| AfterFinal

[| Affidavits/declaration(s)
Extension of Time Request

Express Abandonment Request 

Information Disclosure Statement 
 

Certified Copy of Priority
Document(s)

 
 

Reply to Missing Parts/

[|Drawing(s)

[|Licensing-related Papers

[|Petition
Petition to Convert to a
Provisional Application

Pawerof Attorney, Revocation
Change of Correspondence Address

[|Terminal Disclaimer

[| Requestfor Refund

||CD, Numberof CD(s) 

Landscape Table on CD   

1646

After Allowance Communication
to TC

Appeal Communication to Board
of Appeals and Interferences

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

Proprietary Information

[| Status Letter
Other Enclosure(s) (please
Identify below):

 
Copy of Notice to File Corrected
Application Papers
Responseto Notice to File
Corrected Application Papers

 

Remarks

  
L__] Incomplete Application

Reply to Missing Parts
under 37 CFR 1.52 or 1.53

WOLF, GREENFIELD & SACKS, P.C.

Signaturepoe/Amy McMahon Krom/
or

"inted name Amy McMahon Krom 
Date September20, 2018

Certificate ot Electronic Filing under 37 C.F.R. § 1.8
| herebycertify that this paper (along with any paperreferred 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 DEPARTMENT OF COMMERCE
United States Patent and ‘Trademark OfficeAddress: COMMISSIONER FOR PATENTS

P.O, Box 1450
Aloxandria, Virginia 22313-1450www spt. BON

 
 

 APPLICATION NO, FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. CONFIRMATION NO

15/988 463 05/24/2018 Stuart Alexander Cook M0546.70012US01 7597

23628 730) 09 192018 : i
os . pe EXAMINER

WOLF GREENFIELD & SACKS, P.C.
600 ATLANTIC AVENUE MERTZ. PREMA MARIA
BOSTON, MA 02210-2206

  

1646

09/19/2018 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time periodfor 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(cs):

Patents_cOfficeAction@WolfGreenfield.com
WGS_eOfficeAction@ WolfGreenfield.com

 
PTOL-90A (Rew. 04/07)
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Commissionerfor 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 ofAllowance 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). Ifthe 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 maybe 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)(@v), “all outstanding
requirements” will be considcred to have becn satisficd when the informality has becn corrected. A
failure to respond within the above-identified time period will result in the application being
ABANDONED.

See attachment(s).

A copy ofthis notice MUSTbe returned with the reply. Please address response to
“Mail Stop Issue Fee, Commissionerfor 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 SEPTEMBER16, 2012

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

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

Claimsfiled , claim(s) .
   

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 maybe added.
Page/line no(s).

[ 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.LI The Application Data Sheet (ADS dated ) does not supply the inventor’s city and/or does not supplythe
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 strikcthroughs or brackcts for delctions.

 

Other:   
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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 19, 2018 04:09:22 AM

Dear PAIR Customer:

WOLF GREENFIELD & SACKS,P.C.
600 ATLANTIG 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 outgaing correspondencewill be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:

The list of documents shownbelow is provided as a courtesy andis not partof the official file
wrapper. The content of the images shownin PAIR is the official record.

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

To view your correspondenceonline 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 subjectline or call 1-866-217-9197 during the following hours:

Monday- Friday 6:00 a.m. to 12:00 a.m.

Thank you for promptattention 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
Commissionerfor 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 anychangeof address) Tee(s) Transmittal. This certificate canmot be used for any other accompanying

papers. Each additional paper, such as an assignmentor formal drawing, must
have its own certificate of mailing or transmission.

WOLF, GREENTTELD & SACKS,P.C. Certificate of Mailing or Transmission
600 Atlantic Avenue none Lherebycertify that this Fee(s) Transmittal is being deposited with the United
Boston, Massachusetts 02210-2206 States Postal Service with sufficient postage forfirst 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)
{NancyJ. Arsenault/ (Signature)
FILED VIA EFS WEBon August 9, 2018 Wate)

APPLICATION NO. TILING DATE TIRST 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 TITY STATUS|ISSUE FEE DUE|PUBLICATION FEE DUE|PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

 

nonprovisional UNDISCOUNTED $1,000.00 $1,000.00 11/05/2018
EXAMINER ART UNIT CLASS-SUBCLASS

Prema Maria Mertz, 1646 424-145100

1. Change of correspondenceaddressor indication of "Fee
Address" (37 CER 1.363).

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

[| "Fee Address" indication (or “Fee Address” Indication formPTO/SBA7; Rev 03-02 or more recent) attached. Use of a
Customer Numberis required.

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

PLEASE NOTE: Unless an assigneeis identified below, uo assignee data will appear om the patent. Ian 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.

2. For printing on the patentfront page.list
(1) The namesof up to 3 registered patent attomeys 1_Wolf, Greenfield & Sacks, P.C.
or agents OR,alternatively,
(2) The nameof a single firm (having as a member a 2
registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. [f no nameis 3
listed, no namewill be printed.

 

 

(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 categorics (will not be printed on the patent) : Individual Corporation or other private group cntity [| 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) Paymentbycredit card. Bes 2038+ é
[| Advance Order- # of Copics The Directoris hercby authorized to chargetherequiredfeets} any dcficicncy, or credit any

overpayment, to Deposit Account Number 93/2825 (enclose an extra copyofthis form).

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

[| Applicantcertifying micro entitystatus. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue feepaymentin the micro entity amountwill 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 tobe a notification of loss of entitlement to micro entity status.
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro[| Applicant changing to regular undiscounted feestatus. entity status, as applicable.

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

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

Typed or printed name AmyJ. 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: TREATMENTOFFIBROSIS

First NamedInventor/Applicant Name: Stuart Alexander Cook

Amy Jeanette McMahon/Nancy Arsenault

Attorney Docket Number: M0546.70012US01

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Sub-Totalin

Description Fee Code Quantity Amount USD(S) 

Basic Filing:

Miscellaneous-Filing:
 

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
 

UTILITY APPL ISSUE FEE
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Extension-of-Time:

Miscellaneous:

Totalin USD ($) 1000 
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Electronic AcknowledgementReceipt

a

seen

Title of Invention: TREATMENTOFFIBROSIS

First Named Inventor/Applicant Name: Stuart Alexander Cook

Customer Number: 23628pe
a

Application Type: Utility under 35 USC 111{a)

 
 

Paymentinformation:

Deposit Account 232825

Authorized User Wolf Greenfield

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

37 CFR 1.21 (Miscellaneous fees and charges)
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File Size(Bytes)/ Multi Pages
Message Digest|Part /.zip| (if appl.)

€54f4104b280a00e9c69c 11 ec93514799676) aSaf2

1

1

Document

Number

Information:

Information:

DocumentDescription

Miscellaneous Incoming Letter

Fee Worksheet (SB06)

M054670012US01-TRN-AM.pdf;

M054670012US01-FEE-AM.pdf 116a3cf412d6147075628¢31 b7df43dc889)
a3162

 

Issue Fee Payment (PTO-85B)
M054670012US01-ISSFEE-AM.

pdf ed§c1ce36967895 2bd7d92264d58a96 19a

 

Warnings: 

Information:
 

Information:

Fee Worksheet (SB06) fee-info.pdf 2
2ccfd6586cbbd091 7ecef09ea1 62a1bb605d

‘tc7
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTOofthe indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new applicationis being filed and the application includes the necessary componentsfora 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 shownon this
AcknowledgementReceiptwill establish thefiling 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/903indicating acceptance of the application as a
national stage submission under35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
New International Application Filed with the USPTO asa Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
andof the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this AcknowledgementReceiptwill 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)

TRANSMITTAL

FORM

Examiner Name P.M. Mert(io be usedfor all correspondenceafterinitialfiling) » ML Wleriz

ENCLOSURES(Checkall that apply)

Fee Transmittal Form[|Drawing(s) etelowance Communication
[|Fee Attached[|Licensing-related Papers Appeal Communication to Boardof Appeals and Interferences

i Appeal Communication to TC[Amendment/Reply [| Petition (AppealNotice, Brief, Reply Brief)
[|After Final Petition to Convert to a Proprietary InformationProvisional Application

Lyi ‘ Pawerof Attorney, Revocation[|Affidavits/declaration(s) Changeof Correspondence Address Status Letter 
[| Extension of Time Request[|Terminal Disclaimer x|Other Enclosure(s) (pleaseIdentify below):

[| Express Abandonment Request[| Request for Refund Part B - Fee(s) Transmittal

| Information Disclosure Statement||CD, Numberof CD(s) 

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

Reply to Missing Parts/A Remarks
Incomplete Application

 
Reply to Missing Parts
under 37 CFR 1.52 or 1.53

WOLF, GREENFIELD & SACKS, P.C.

Signaturepee/Amy J. McMahon/
Printed name Amy J. McMahon, PhD 
Date August 9, 2018

Certificate of Electronic Filing under 37 C.F.R. § 1.8
| herebycertify that this paper (along with any paperreferred 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/

 
6523658.1
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FEE TRANSMITTAL

[__eelicant certifies micro entity status. See 37 CFR 1.29.Form PTO/SB/15A or B or equivalent must either be enclosed or -
have been submitted previously.

METHODOF PAYMENT(checkall that apply)

| Cheek x |creait Card MoneyOrder [| None [| Other (please identify):
[x]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 (checkall that apply):

  

       
Charge fee(s) indicated below Charge fee(s) indicated below, exceptfor the filing fee 

x|Charge any additional fee(s) or underpaymentof fee(s) under Charge any additional fee(s) or underpaymentof fee(s) under 3737 CFR 1.16 and 1.17, except for any excessclaims fees or CFR 1.16 and 1.17
multiple dependentclaim fee

[xfore any overpaymentof 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 EXAMINATIONFEES(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 0 0 0) 0 0 0

* The $150 small entity statusfiling fee for a utility application is further reduced to $75 for a small entity status applicant whofiles 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 independentclaim over3 (including Reissues) 460 230 115
Multiple dependent claims 820 410 205

TotalClaimsExtraClaimsFee($)FeePaid($)MultipleDependentClaims

- 20 or HP = x Fee ($) Fee Paid ($)
HP = highest numberoftotal claims paid for, if greater than 20.
Indep. Claims Extra Claims Fee ($) Fee Paid ($)

-SorHP= x =
HP = highest numberof independentclaims 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 computerlistings 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 orfraction thereot. See 35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).

TotalSheets Extra Sheets Numberof 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

/Amy J. McMahon/ ResisvationNo. 73,073|Telephone 617.646.8000
Amy J. McMahon, PhD Date August 9, 2018

Certificate of Electronic Filing under 37 C.F.R. § 1.8
I herebycertify that this paper (along with any paperreferred 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/
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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.USPLO.gOV 

NOTICE OF ALLOWANCE AND FEE(S) DUE

WOLF GREENFIELD & SACKS,P.C. MER'LZ, PREMA MARIA
600 ATLANTIC AVENUE

BOSTON, MASSACHUSETTS 02210-2206
UNITED STATES OF AMERICA 1646

DATE MAILED: 08/03/2018

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATIONNO.

15/988.463 05/24/2018 Stuart Alexander Cook M0546.70012US01 7597

TITLE OF INVENTION: TREATMENTOF FIBROSIS

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 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 MERITSIS CLOSED. THIS NOTICE OF ALLOWANCEIS NOT A GRANT OF PATENT RIGHTS.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROMISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

 

THEISSUE FEE AND PUBLICATIONFEE (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
CANNOTBE 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 THEISSUE FEE NOW DUE.

 

HOW TO REPLY TO THIS NOTICE:

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

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

If the ENTITY STATUS is changed from that shown above, on PARTB - FEE(S) TRANSMITTAL, complete section number5 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.

Il. PART B - FEE(S) TRANSMITTAL,orits 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 occurdueto the difficulty in recognizing
the paper as an equivalent of Part B.

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

IMPORTANT REMINDER:Utility patents issuing on applicationsfiled on or after Dec. 12, 1980 may require paymentof 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 usedfor transmitting the ISSUE FEE and PUBLICATIONFEE(ifrequired). Blocks | through 5 should be completed where appropriate. All
further correspondenceincluding the Patent, advanceorders and notification of maintenancefees will be mailedto the current correspondence addressas indicated unless corrected
below or dirccted othcrwisc in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS"for maintenance fec 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 owncertificate of mailing or transmission.

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

23628 7590 {8/03/2018 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 forfirst class mail in an envelope

addressed to the Mail Stop ISSUE FEE address above, or being facsimile
BOSTON, MASSACHUSETTS02210-2206 transmitted to the USPTO (571) 273-2885, on the date indicated below.
UNITED STATES OF AMERICA (Depositor's name}

(Signature)
(Datei 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. CONFIRMATION NO.

15/988,463 05/24/2018 Stuart Alexander Cook M0546.70012US01 7597
 
TITLE OF INVENTION: TREATMENT OF FIBROSIS

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

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

 EXAMINER ARTUNIT CLASS-SUBCLASS

MERYTZ, PREMA MARIA 1646 424-145100

1. Change of correspondence addressor indication of "Fee Address" (37 2. Forprinting on the patentfrontpage,list 1
CFR1.363). (1) The namesof up to 3 registered patent attorneys

or agents OR,alternatively, 2
| Changeof correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached (2) The nameof a single firm (having as a member aregistered attorney or agent) and the namesof up to

2 registered patent attorneys or agents. If no nameis
listed, no name will be printed.

a 
(I “Fee Address”indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Numberis required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT(printor lype)

PLEASE NOTE:Unlessan assignee is identified below, no assignee data will appear on the patent. Ifan assigneeis identified below, Lhe document has been filed for recordation
as sel forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.
(A) NAMEOF ASSIGNEE (B) RESIDENCE:(CITY and STATE OR COUNTRY)

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

 
4a. The following fee(s) are submitted: Ab. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

LL] Issue Fee LL] A check is enclosed.

I] publication Fee (No small entity discount permitted} I Payment by credit card. Form PTO-2038 is attached.

LT Advance Order - # of Copies (I Thedirector 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:Absenta valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee paymentin the micro entity amountwill not be acceptedatthe 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
 

 

| 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 andcertifications.  

  

Authorized Signature Date

Typedor printed name Registration No.

Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB0651-0033 USS. 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.USPLO.gOV 
 APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

15/988, 463 05/24/2018 Stuart Alexander Cock M0546.70012US01 7597

WOLF GREENFIELD & SACKS,P.C. MER'LZ, PREMA MARIA
600 ATLANTIC AVENUE

BOSTON, MASSACHUSETTS 02210-2206
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)() 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 approvesan agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agencyto display on the instrumentthat 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 whichis to file (and by the USPTO to process) an application. Contidentiality 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. Timewill vary depending upon
the individual case. Any comments on the amountof time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chicf 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 personsare required to respond to acollection
of information unlessit 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 formrelated to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please he 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 mayresult 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
Freedomof Information Act.

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

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 usc, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records maybe 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)).

N

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 GSAaspart of that agency's responsibility
to recommend improvements in records managementpractices 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 (1-e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations aboutindividuals.

8. Arecord fromthis 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 issuanceof a patent pursuantto 35 U.S.C. 151. Further, a record
maybe disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record wasfiled
in an application which became abandonedor in which the proceedings were terminated and which application
is referenced by cither a published application, an application open to public inspection or an issucd 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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. pe 15/988, 463 Cooket al.

PREMA M MERTZ 1646 Yes

-- The MAILING DATEofthis communication appears on the cover sheet with the correspondence adaress--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSEDin 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 GRANTOFPATENTRIGHTS.This application is subject to withdrawalfrom issueat the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

.{¥] This communication is responsive to the request submitted on 7/26/18.
(1) A declaration(sVaffidavit(s) under 37 CFR 1.130(b) was/werefiled on :

CJ An election was made by the applicantin responseto a restriction requirementset forth during the interview on the
restriction requirement and election have been incorporatedinto this action.

[¥] The allowed claim(s) is/are 1 and 21-29 . As a result of the allowed claim(s), you maybeeligible to benefit from the Patent
Prosecution Highway program ata 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. 

] Acknowledgmentis made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:

a) IAlI b)({J]Some=*c) () None ofthe:

1. (4 Certified copies of the priority documents have been received.
2. Certified copies of the priority documents have been received in Application No. 15/381622.

3. (J Copiesof 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 communicationto file areply complying with the requirements
noted below.Failure to timely comply will result in ABANDONMENTofthis application.
THIS THREE-MONTHPERIODIS NOT EXTENDABLE.

5/1 CORRECTED DRAWINGS(as"replacement sheets") must be submitted.
(J including changes required by the attached Examiner's Amendment / Commentor 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 drawingsin 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 INFORMATIONabout the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1.0 Notice of References Cited (PTO-892) 5,¥)Examiner's Amendment/Comment
2.{Y) Information Disclosure Statements (PTO/SB/08), 6.l¥iExaminer's Statement of Reasons for Allowance

Paper No./Mail Date 6/5/18, 7/13/18, 7/23/18.
3.2) Examiner's Comment Regarding Requirementfor Deposit 7. C 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 ofPre-AIA or AIA Status

1. Thepresent application, filed on or after March 16, 2013, is being examined underthe

first inventor to file provisions of the AIA.

2. Amendedclaim 1, (5/24/18), and newclaims 21-29, (5/24/18), are pending and under

consideration by the Examiner.

Claims 2-20 have been canceled.

3. An Examiner's Amendmentto the record appears below. Should the changes and/or

additions be unacceptable to applicant, an amendment maybefiled as provided by 37 C.F.R.

§ 1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the

paymentofthe Issue Fee.

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

Amy McMahonon 7/26/2018.

4, The application has been amendedas 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:

Noneofthe prior art of record describe or suggest a method of treating fibrosis ina

human subject. the method comprisme administering to the human subpoct in need of treatment a

therapentically effective arnount of an Interleukin Li receptor @ (L-11Ropantibady which is

capable of intibitme Interleukin 11 CL-Li) mediated signalling, wherein the fibrosis is fibrosis

of the heart, liver, kidney ar eye. The methodas recited in the claimsis 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 methodto treat fibrosis of the heart, liver, kidney or eye.

7. Any comments considered necessary by applicant must be submitted no later than the

payment ofthe Issue Fee and, to avoid processing delays, should preferably accompanythe

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 numberis (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 oblained 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

maybe obtained [rom 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 https/pair-direct.uspto.cov. 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 MERT7Z/

Primary Examiner, Art Unit 1646
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Application No. Applicant(s)

15/988 ,463 Cooketal.

Examiner Art Unit AIA Status

PREMA M MERTZ 1646 Yes

Examiner-InitiatedInterview Summary

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

(1) PREMA MARIA. MERTZ. (3) .

(2) Amy McMahon. (4) .

Date of Interview: 27 July 2018.

 
 

Type: MTelephonic (J) Video Conference
XC Personal [copy given to: C1 applicant C1) applicant's representative]

Exhibit shown or demonstration conducted: (Cj Yes No.

If Yes, brief description:

 

Issues Discussed (] 101 112 ()102 (3103 CJ) 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.

SubstanceofInterview

(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification orclarification of a reference
or 4 portion thereof, claim interpretalion, proposed amendments, arguments of any applied referencesetc...)

Authorization was obtained to amendclaim 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 properrecordation 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 argumentor 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.

(© 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 Notes 15/988,463 Cooket al.

| ll oncePREMA M MERTZ

CPC - Searched*

A61K 2039/5005 07/26/2018

US Classification - Searched*

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

Search Notes

inventor search via NPL, PALM, West 07/26/2018 [PMs

 
reviewed parent case 15/381622 07/26/2018

stn/cas search via medline, CAPLUS, USPATFULL 07/26/2018

Interference Search

US Class/CPC US Subclass/CPC Group
Symbol

A61K 2039/505 07/26/2018 fPM

 
U.S. Patent and Trademark Office Part of Paper No.: 20180726
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification|15/998,463 Cooket al.

| | | Examiner Art Unit
PREMA M MERTZ 1646 

 
NONE

Total Claims Allowed:

(Assistant Examiner) 10

/PREMA M MERTZ/ 26 July 2018 . . ae
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
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification|15/998,463 Cooket al.

| | | Examiner Art Unit
PREMA M MERTZ 1646

INTERNATIONAL CLASSIFICATION

CLAIMED

AGIK

NON-CLAIMED

US ORIGINAL CLASSIFICATION

SUBCLASS

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

 
NONE

Total Claims Allowed:

(Assistant Examiner) 10

/PREMA M MERTZ/ 26 July 2018 . . Le
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



Ex. 2001 - Page52

Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification|15/998,463 Cooket al.

| | | meePREMA M MERTZ

Claims renumbered in the sameorderas presented by applicant (J CPA {) T.D. () R.1.47 

 
NONE

Total Claims Allowed:

(Assistant Examiner) 10

/PREMA M MERTZ/ 26 July 2018 . . ae
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
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Search History Transcript

WESTSearch History

 
DATE: Thursday, July 26, 2018

Hide? Set Name Query

DB=PGPB,USP

Q L8

co L7

c L6

LS

L4

L3

my L2

my LI

 

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

Hit Count

T,EPAB,JPAB,DWPLFPRS; PLUR=YES; OP=OR

5

5

158919

5

5

19219

94

6

Page 1 of 1
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FORM PTO-1449/A and B (modified PTO/SB/08)

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT FIRST NAMED INVENTOR: Stuart Alexander Cook

GROUP ART UNIT: 1629 EXAMINER: Not Yet Assigned

U.S. PATENT DOCUMENTS

U.S. Patent D t “on or Ie
Examiner’s Cite am ene Nameof Patentee or Applicantof Cited Date of Publication or Issuewe f Cited D t

a2003-0147849 08-07-2003
eeee 07-01-2004
FY 2004-0142871 Shaughnessyet al. 07-22-2004
____[-_f2006-0062760 03-23-2006
||2007-0160577 07-12-2007

Pf 2005-0191147 07-30-2008
PF fror-0082058 03-11-2010
||2010-0093976 04-15-2010
||2010-0183544 07-22-2010
P| 2013-0302277 11-14-2013
|Y2014-0219919 Edwardset al. 08-07-2014
FF 2016-0031999 Edwardset al. 02-04-2016
Pf forr-or7ar9 06-29-2017
P| 5,679,339 10-21-1997
||6,126,933 10-03-2000
P| 6,540,993 04-01-2003
fs|6,846,907 Shaughnessyet al. 01-25-2005
PJ 953.77 10-11-2005
PY 6,998,123 Shaughnessyet al. 02-14-2006
|7.993.637 08-09-2011
P| 8.182.814 05-22-2012
PF 361.966 01-29-2013
eeee 08-27-2013
P| 8,580,977 09-24-2013
YT 9,340,618 Edwardset al. 05-17-2016

—rnioPATENT DOCUMENTS|__ForeignPatentDocument|Date of
Examiner’s Cite Office/ Kind Name of Patentee or Applicant of Cited Publication of Translation
Initials * No. we Number m Document Cited Document (Y/N)

Country Code MM-DD-YYYY

PEWOfs1998/36061 The Victoria University of Manchester 08-20-1998||
PfWO|2000/078336 Genetics Institute, Inc. et al. 12-28-2000 [|
rEWO|2002/020609 Smithkline Beecham PLC 03-14-2002 |
PTWO 2005/070446 08-04-2005 |

 

 
University of Florida Research

WwO 2005/098041|A2 Foundation,Inc. 10-20-2005

PoWO20097052588|AL|CSLLimited04-30-2009|
DATE CONSIDERED:

/PREMA M MERTER/ (07/25/2618) 07/25/2018

 
* EXAMINER: Initialif reference considered, whetheror not citation is in conformance with MPEP 609; Draw line through citation if not in conformance and not considered.
Include copyofthis form with next communication to Applicant.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /P.M.M/
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FORM PTO-1449/A and B (modified PTO/SB/08)

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT FIRST NAMED INVENTOR: Stuart Alexander Cook

GROUP ART UNIT: 1629 EXAMINER: Not Yet Assigned

PTWO 2014/121325 CSL Limited 08-14-2014 |
PPWO 2017/103108 Singapore Health Services PTE, Ltd. 06-22-2017 |

OTHER ART — NON PATENT LITERATURE DOCUMENTS

oy . Include nameof the author Gn CAPITAL LETTERS), title of the article (when appropriate), title of the item .Examiner’s Cite aoe : . ; : Translation
at (book, magazine, journal, serial, symposium,catalog, etc.), date, page(s), volume-issue number(s), publisher,Initials No : ‘ : CY/N)

city and/or country where published.

 
International Search Report and Written Opinion for International Patent Application No. poPCT/EP2016/08 1430, mailed April 18, 2017.

Chapter ll Demand filed August 14, 2017 for International Patent Application No.p|PCT/EP2016/08 1430.

International Preliminary Report on Patentability (ChapterII) for International Patent Applicationp|No. PCT/EP2016/081430, mailed November6, 2017.

Third Party Submission Under 37 C.F.R. § 1.290 for US Application No. 15/381,622p|(M0546.70012US00),filed April 30, 2018.
ANCEYet 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.

BRAVOet al., Crystal structure of a cytokine-binding region of gp130. EMBO J. 1998 Mar po16;17(6):1665-74.

CHENet al., IL-11 receptor alpha in the pathogenesis of IL-13-induced inflammation and poremodeling. J Immunol. 2005 Feb 15;174(4):2305-13.

DUet al, Interleukin-11: review of molecular, cell biology, and clinical use. Blood. 1997 Jun po1;89(11):3897-908.

GARBERSetal., Interleukin-6 and interleukin-11: same same but different. Biol Chem. 2013 poSep;394(9):1145-61. doi: 10.1515/hsz-2013-0166.

GUet 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.

HALWANTet al., Airway remodeling in asthma. Curr Opin Pharmacol. 2010 Jun;10(3):236-45.p|doi: 10.1016/j.coph.2010.06.004.
HAMet al., Critical role of interleukin-11 in isoflurane-mediated protection against ischemic acute
kidney injury in mice. Anesthesiology. 2013 Dec;] 19(6): 1389-401.
doi: 10.1097 1 ALN.ObO 1 3e3 1 82a950da.

KAPINAetal., Interleukin-11 drives early lung inflammation during Mycobacterium tuberculosis
infection in genetically susceptible mice. PLoS One. 2011;6(7):e21878. doi:
10.137 1/journal.pone.0021878.

KHANetal., Fibrosis in heart disease: understanding the role of transforming growth factor-betap|in cardiomyopathy, valvular disease and arrhythmia. Immunology. 2006 May;118(1):10-24.
KIMURAetal., Identification of cardiac myocytes as the target of interleukin 11, a
cardioprotective cytokine. Cytokine. 2007 May:38(2):107-15.

LEEetal., Cysteiny] leukotriene upregulates IL-11 expression in allergic airway disease of mice. J poAllergy Clin Immunol. 2007 Jan;119(1):141-9.

LEEet 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/remb.2008-
00530C. Epub 2008 Jul 10.

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

DATE CONSIDERED:

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

* EXAMINER: Initialif reference considered, whetheror not citation is in conformance with MPEP 609; Draw line through citation if not in conformance and not considered.
Include copyofthis form with next communication to Applicant.
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FORM PTO-1449/A and B (modified PTO/SB/08)

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT FIRST NAMED INVENTOR: Stuart Alexander Cook

LINDAHLet al., Microarray profiling reveals suppressed interferon stimulated gene programin
fibroblasts from scleroderma-associated interstitial lung disease. Respir Res. 2013 Aug 2;14:80.
doi: 10.1186/1465-992 1-14-80.

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

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

MINSHALLet 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.

MOLETetal., 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.
MURRAYetal., 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/remb.2013-03420C.
OBANAetal., Therapeutic activation of signal transducer and activator of transcription 3 by
interleukin-11 ameliorates cardiac fibrosis after myocardial infarction. Circulation. 2010 Feb
93121(5):684-91. doi:10.1161/CIRCULATIONAHA.109.893677.

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

RAYet 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.
SCHAFFERetal, 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.

SHEPELKOVAetal., Therapeutic Effect of Recombinant Mutated Interleukin | 1 in the Mouse
Model of Tuberculosis. J Infect Dis. 2016 Aug 1;214(3):496-501. doi: 10.1093/infdis/jiw176.

STANGOUetal., Effect of IL-11 on glomerular expression of TGI’-beta and extracellular matrix
in nephrotoxic nephritis in Wistar Kyoto rats. J Nephrol. 2011 Jan-Feb;24(1): 106-11.
TANGetal., 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.
TANGetal., 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.
TODAetal., Polarized in vivo expression of IL-11 and IL-17 betweenacute and chronic skin
lesions. J Allergy Clin Immunol. 2003 Apr;111(4):875-81.
TREPICCHIOetal., 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 mechanismsoffibrosis. J Pathol. 2008 Jan;214(2):199-210.

YASHIROet 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.

ZHUetal., IL-11 Attenuates Liver Ischemia/Reperfusion Injury (IRDthrough STATS Signaling
Pathwayin Mice. PLoS One. 2015 May 6;10(5):e0126296. doi: 10.137 1/ournal.pone.0126296.

 
[NOTE — Nocopies 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. Copiesof all other patent(s), publication(s), unpublished, pending U.S. patent applications, or other informationlisted 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
rclicd upon for an carlicrfiling date under 35 U.S.C. § 120.]

DATE CONSIDERED:

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

* EXAMINER: Initialif reference considered, whetheror not citation is in conformance with MPEP 609; Draw line through citation if not in conformance and not considered.
Include copyofthis 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: TREATMENTOF FIBROSIS

Examiner: Not Yet Assigned
Art Unit: 1629
 

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

The undersigned herebycertifies that this paper, along with any paperreferred to as being attached or
enclosed,is being transmitted via the Office electronicfiling 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 UNDER37 C.F.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 monthsofthe filing

date of a national application other than a continued prosecution application under

37 C.F.R. § 1.53(d).

Nofee orcertification is required.

PART I: Information Cited

The undersigned hereby makesof record in the above-identified application the

information listed on the allached 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/
6349212.1
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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 ofthe

references.

The undersigned hereby makes the following additional information of record in the

above-identified application.

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

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

Serial No. FilingDateInventor(s) Docket No.
  *15/381,622 December 16, 2016 Cooketal. M0546.70012US00

*A copyof 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 Kile Wrapper system andis 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:

  
Date of Mailing|Type(s) of Communication

International Preliminary
PCT/EP2016/081430|11-06-2017 Report on Patentability PCT/EP2016/081430|04-18-2017 International Search Report

and Written Opinion

PART II: 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

evidencethat 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/
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Application No.: 15/988,463 -3- Art Unit: 1629
Conf. No.: 7597

By submitting this Information Disclosure Statement, the undersigned makes no

representation that a search has been performed,of the extent of any search performed,orthat

more relevant information does notexist.

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 Statementis, or is considered to be, in fact, prior

art as defined by 35 U.S.C. § 102.

Notwithstanding any statements by the undersigned, the Examineris 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 overpaymentin

the fees occasioned bythe 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 MERTS/ (07/25/2018) 07/25/2018

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /P.M.M/
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\2) UNITED STATES PATENT AND TRADEMARKOFFICE P.O. Bua 1450
WWW. IISplo.gov

BIB DATA SHEET

Page 1 of 1

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

Alexandria, Virginia 22313-1450

CONFIRMATION NO. 7597

SERIAL NUMBER FILINGot 371(c) GROUPART UNIT ATTORNEY DOCKET
15/988,463 05/24/2018 M0546.70012US01

RULE

APPLICANTS

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

INVENTORS

Stuart Alexander Cook, Singapore, SINGAPORE;
Sebastian Schaefer, Singapore, SINGAPORE;

RK CONTINUING DATA REKEKEREREEKEKERERERERERE

This application is a DIV of 15/381 ,622 12/16/2016 PAT 10035852

kk FOREIGN APPLICATIONS REKEKEREKRKEKEKREREREREKEREK
UNITED KINGDOM 15221 86.4 12/16/2015

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED**
06/08/2018

Foreign Priority claimed df Yes I No STATE OR SHEETS TOTAL
35 USC 119(a-d) conditions met Yes No|CL) Notatter COUNTRY |DRAWINGS|CLAIMS
Verified and PREMA MARIA SINGAPORE 66 10
Acknowledged Examiner's Signature Initials

ADDRESS

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

BOSTON, MA 02210-2206
UNITED STATES OF AMERICA

INDEPENDENT
CLAIMS

1

TITLE

TREATMENTOF FIBROSIS

UL] 1.16 Fees (Filing)
FILING FEE FEES: Authority has been given in Paper
RECEIVED |No.___———_—stto. charrge/credit DEPOSIT ACCOUNT

L) All Fees

lL) 1.17 Fees (Processing Ext. of time) 

for following: L] 1.18 Fees (Issue)

LI Other   
BIB (Rev.05/07).

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

INFORMATION DISCLOSURE

Date of Publication or Issue
of Cited Document
MM-DD-YYYY

Examiner’s : Nameof Patentee or Applicant of Cited
Initials * Document 

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Publication of

Examiner’ s i . . Nameof Patentee or Applicant of Cited Cited Translation
Initials * . Office/ Document Document (Y/N)

Code MM-DD-
YYYY

Y-Abstract &
Machine

KR 20110047179 A 05-06-2011 translation 
OTHER ART -- NON PATENT LITERATURE DOCUMENTS

Include nameof 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.

METZet al., Characterization of the Interleukin (IL)-6 Inhibitor IL-6-RFP: fused receptor
domainsactas high affinity cytokine-binding proteins. J Biol Chem. 2007 Jan
12;282(2):1238-48. Epub 2006 Nov 3. 

[NOTE — Nocopies 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 CTR § 1.98 and 12870G163. Copies ofall 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 IDSin an earlier application that complies with 37 CFR § 1.98, and 2) the earlier application is
relied uponfor an earlier filing date under 35 U.S.C. § 120.]

EXAMINER: DATE CONSIDERED:

/PREMA M MERTZ/ (07/25/2018} 07/25/2018 
* EXAMINER: Initial if reference consi dered, whetheror notcitation is in conformance with MPEP 609; Draw line through citation if not in conformance and not considered.
Include copyof this form with next communication to Applicant.
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FORM PTO-1449/A and B (modified PTO/SB/08)

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT FIRST NAMED INVENTOR: Stuart Alexander Cook

GROUP ART UNIT: 1646 EXAMINER: Prema Maria Mertz Not Yet

U.S. PATENT DOCUMENTS

U.S. Patent Document . +(i 6txaminer’s|cite|_____US-PateatDocument|acne ot Patemee or Applicant of Cited|PA of Publication or Ise
we1# . of Cited Document

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Date of
Cite
No.

Publication of

Nameof Patentee or Applicant of Cited Cited. Translation

Code MM-DD-
YYYY

|=LEP|1630232 Conaris research institute AG 93-01-2000|sd
|[wo|1996/019574 06-27-1996|
|==|wo|1999/020755 Glaxo Group Limited ee

Commonwealth Scientific and

wo 2005/058956 Al Industrial Research Organisation 06-30-2005

OTHER ART -——- NON PATENT LITERATURE DOCUMENTS

Include nameof 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.

CHOWetal., Structure of an extracellular gp130 cytokine receptor signaling complex. Science.
2001 Mar 16;291(5511):2150-S.

JOHNSTONEetal., Emerging roles for IL-11 signaling in cancer development and progression:
Focus on breast cancer. Cytokine Growth Factor Rev. 2015 Oct;26(5):489-98. doi:
10.1016/.cytogtr.2015.07.015. Epub 2015 Jul 14.

LEMOLTetal., Interleukin-11 (IL-11) acts as a synergistic factor for the proliferation of human
myeloid leukaemic cells. Br J Haematol. 1995 Oct;91(2):319-26.

[No Author Listed] Recombinant Human Anti-human II11 Antibody. Creative Biolabs. 2018
May8.
PUTOCZKIetal., Interleukin-11 is the dominant IL-6 family cytokine during gastrointestinal
tumorigenesis and can be targeted therapeutically. Cancer Cell. 2013 Aug 12:24(2):257-71. doi:
10.1016/-ccr.2013.06.017.
SOMMERetal., Constitutively active mutant gp130 receptor protein from inflammatory
hepatocellular adenomais inhibited by an anti-gp130 antibodythat specifically neutralizes
interleukin 11 signaling. J Biol Chem. 2012 Apr 20;287(17):13743-51. doi:
10.1074/jbc.M111.349167.

Examiner’ soe #
Initials 
 
[NOTE — No copies of U.S. patents, published U.S. patent applications, or pending, unpublished patent applications stored im the USPTO’s Image File Wrapper (IFW) system,
are included. Sec 37 CFR § 1.98 and 12870G163. Copicsof all other patent(s), publication(s), unpublished, pending U.S. patent applications, or othcr information listed arc
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 uponfor an earlier filing date under 35 U.S.C. § 120.]

EXAMINER: DATE CONSIDERED:

f/PREMA M MERTZ/ (07/25/2018) 07/25/2018 
* EXAMINER: Initial if reference consi dered, whetheror notcitation is in conformance with MPEP 609; Draw line through citation if not in conformance and not considered.
Include copyof this form with next communication to Applicant.

6469663.1
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Ex. 2001 - Page62



Ex. 2001 - Page63

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 ATLANTIG 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 outgaing correspondencewill be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:

The list of documents shownbelow is provided as a courtesy andis not partof the official file
wrapper. The content of the images shownin 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 correspondenceonline 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 subjectline or call 1-866-217-9197 during the following hours:

Monday- Friday 6:00 a.m. to 12:00 a.m.

Thank you for promptattention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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  APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEYDOCKET NO. CONFIRMATION NO. 

 
15/988,463 05/24/2018 Stuart Alexander Cook M0546.70012USO1 7597

Wo IEE KS.PC

WOLF GREENFIELD & SACKS. PC. Dexa
600 ATLANTIC AVENUE MERTZ, PREMA MARIA

BOSTON, MA 02210-2206
UNITED STATES OF AMERICA

1646

 NOTIFICATION DATE DELIVERY MODE

07/26/2018 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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Commissionerfor 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,etal. : PARTICIPATE IN THE PATENT
Application No.: 15/988,463 : PROSECUTION HIGHWAY
Filed: May 24, 2018 : PROGRAM ANDPETITION
Attorney Docket No.: M0546.70012US01 : TO MAKESPECIAL UNDER
For: TREATMENTOF 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 PPHparticipating offices was the International Searching Authority (ISA) or the
International Preliminary Examining Authority (IPEA).

2. Applicant must:
a. Ensureall the claims in the U.S. application must sufficiently correspond or be
amendedto 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;

Ex. 2001 - Page65



Ex. 2001 - Page66

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 languagetranslation of the Global/IP5 PPH participating office action
or work product from (4)(a)(i)-(Gii) or Giv) above;

5. Applicant must submit:
a. An IDSlisting the documents cited by the Global/IP5 PPH participating office
examinerin the Global/IP5 PPHparticipating 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 andpetition 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 http://portaluspto.gov/.

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

/SDB/

Sherry D. Brinkley
Lead Paralegal Specialist
Office of Petitions
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Office of Petitions: Routing Sheet

0470

     
Application No. - 5088463soe

This application is being forwarded to your office for

further processing. A decision has been rendered on a

petition filed in this application, as indicated below.

For details of this decision, please see the document
PET.OP.DECfiled on the same date as this document.

-XGRANTED

DISMISSED
penny,

DENIED
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Office of Petitions: Decision Count Sheet Mailing Month

roviesionns —--tsoeaca ‘MUNI*
 

For US serial numbers: enter numberonly, no slashes or commas. Ex: 10123456

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

Deciding Official: ANGELA, WALKER
Count(1) - Palm Credit 463

rrwrce wore nese = TACTTAIT
{_] Select Check Box for YES x GRANT*

5 2 *

  
  

Decision Type: 652 - Petition to make special-PPH ||
i * 6

Notes:
 

Count(2)

FINANCE WORK NEEDED
Decision

: {} Select Check Box for YES

Decision Type: §
 

Notes:   
Count(3)

FINANCE WORK NEEDED ———

Decision: { na
{_] Select Check Box for YES

Decision Type: ]
 

  
~~If more than 3 decisions, attach

Initials of Approving Official (if required) ond count sheet & mark this box <<
Printed on: 7/23/2018

Office of Petitions Internal Document- Ver. 5.0
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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

Jul 26, 2018 04:08:14 AM

Dear PAIR Customer:

WOLF GREENFIELD & SACKS,P.C.
600 ATLANTIG 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 outgaing correspondencewill be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:

The list of documents shownbelow is provided as a courtesy andis not partof the official file
wrapper. The content of the images shownin PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
15988463 PET.OP.DEC 07/26/2018 M0546.70012US01

PPH.DECISION 07/26/2018 M0546.70012US01

To view your correspondenceonline 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 subjectline or call 1-866-217-9197 during the following hours:

Monday- Friday 6:00 a.m. to 12:00 a.m.

Thank you for promptattention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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FORM PTO-1449/A and B (modified PTO/SB/08)

INFORMATION DISCLOSURE

Date of Publication or Issue
of Cited Document
MM-DD-YYYY

Examiner’s : Nameof Patentee or Applicant of Cited
Initials * Document 

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Publication of

Examiner’ s i . . Nameof Patentee or Applicant of Cited Cited Translation
Initials * . Office/ Document Document (Y/N)

Code MM-DD-
YYYY

Y-Abstract &
Machine

KR 20110047179 A 05-06-2011 translation 
OTHER ART -- NON PATENT LITERATURE DOCUMENTS

Include nameof 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.

METZet al., Characterization of the Interleukin (IL)-6 Inhibitor IL-6-RFP: fused receptor
domainsactas high affinity cytokine-binding proteins. J Biol Chem. 2007 Jan
12;282(2):1238-48. Epub 2006 Nov 3.

Examiner'sa #
Initials

Translation

(Y/N) 
[NOTE — Nocopies 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 CTR § 1.98 and 12870G163. Copies ofall 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 IDSin an earlier application that complies with 37 CFR § 1.98, and 2) the earlier application is
relied uponfor an earlier filing date under 35 U.S.C. § 120.]

EXAMINER: DATE CONSIDERED:

 
* EXAMINER: Initial if reference consi dered, whetheror notcitation is in conformance with MPEP 609; Draw line through citation if not in conformance and not considered.
Include copyof this form with next communication to Applicant.

6486069.1
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Characterization of the Interleukin (IL)-6 Inhibitor IL-6-RFP

FUSED RECEPTOR DOMAINS ACT AS HIGH AFFINITY CYTOKINE-BINDING PROTEINS”
Received “or publication, July 19, 2006, andin revised forrn, October 17,  Published, JBC Paces in Press,Novernbe 3, 2006, DOL 10.107locM606885 200

Silke Metz’, Monique Wiesinger’, Michael Vogt", Heike Lauks®, Ginther Schmalzing, Peter C. Heinrich’,
and Gerhard Miller-Newen*!

rom the *nstitut

Aachen, Wendlingweg 2, 52074 Aachen, Germany

Although fusion proteins of the extracellular parts of receptor
subanits termed cytokine traps turned out 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 IL-6 recepter subunits
IL-6Re and gpi30 that acts as a highly potent IL-6 inhibitor.
Gp130 is a shared cytokine receptor also used by the IL-6-re-
lated cytokines oncustatin M and leukemia inhibitoryfactor. In
this study, we have shownthat the IL-6 receptor fusion protein
(L-6-REP)

oncostatin M or leukemia inhibitory factor. We characterized
the complex of [L-6-RFP and fluorescently labeled IL-6 (YFP-
IL-6) by blue mative PAGE and gel filtration. A 2-fokl molar
excess of [L-6-RFP over IL-6 was sufficient to entirely bind IL-6

is a specific LL-6 inhibitor that does not block

in a complex with [L-6-RFP. As shown bytreatment with urea
and binding conxpetition experiments, the complex of 1L-6 and
iL-6-REP is more stable than the complex of IL-6, soluble

iL-6Ra, and soluble gp130. By live cell imaging, we have dem-
onstrated that YFP-IL-6 bound to the surface of cells expressing
gpis0-CFP is removed from the plasma membrane upon the
addition of IL-6-RFP, The apparent molecular mass of the

IL-61L-6-RFP complex determined by blue native PAGE andgel
filtration sugpests that IL-6 is trapped in a structure analogous
to the native hexameric IL-6 receptor complex. Thus, fusion of

the igand 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)andinterleukin-1and -6, have beenidentified as prom-

*This work was supported by the Deutsche Forschungsgerneinschaft
(Sonderforschungsbereich SFB 542 and Graduiertenkolleg “Biointerface”
GRK 1035) and the Fands der Chemischen Industrie (Frankfurt am Main).
The costs of publication of this article were defrayed in part by the pay-

ment of page charges. This article must therefore be hereby marked“advertisement” in accordance with 18 U.S.C. Section 1734 solely ta indi-
cate this fact.

1 To whomcorrespondence should be addressed: Institut fir Biochemie, Univer-
sitatsklinikum RWTH Aachen, Pauwelsstrasse 30, 52074 Aachen, Germany.
Teal: 49-241-80-88860; Fax: 49-241-80-2428 Emaik miucller-newen®
rwth-aachen.da.

? The abbreviations used are: TNE, turnor necrosis factor; BSA, bovine serum
lbumin; CBM,cytokine binding module; CFP, cyan fluorescent protein; iL,

interleukin; LiF, leukemia inhibitory factor; OSM, oncostatin M; RFP, recep-
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fiir Biochemie, Pauwelsstrasse 30 and the “Institut firMolekulare Pharmakologie, Universitdtsklinikum RWTH

ising therapeutic targets. First approaches to specifically block
the action of pro-inflaramatorycytokines have focused on the

use of neutralizing antibodies against a specific cytokineorits
receptor, Onlyrecently, the value ofsoluble cytokine receptors
as cytokine antagonists for the treatment of inflammatorydis-
eases has been fully recognized.

Pro-inflammatery cytokines signal through receptor pro-
teins consisting of an extracellular part, a single transmmem-
brane region and a cytoplasmic domain. Ligand binding to the
extracellular part of the receptor results in the
signal transduction cascades by the cytoplasmic domain.
Sohuble receptors consisting only ofthe extraceliular part are
potent inhibitors of cytokineactivity. They bind the cytokine
with the same specificity and affinity as the mermbrane-
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 byele-
vated TINF expression (1).

Mostcytokines signal through heteromeric receptor com-
plexes consisting of two or morediffe

 
ent receptor subunits. In

sucha 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 lyrnphoproliferative disorder known as Castleman disease
(4, 5). IL-6 signals through twodifferent receptor proteins. It
first binds to an a-receptor subunit (IL-6Ra)}. The lowaffinity
complex of IL-6 and IL-GRe engages the signal transducing
receptor subunit gp130 leading to a highaffinity receptor cum-
plex and the initiation of the cytoplasmicsignaling cascades.
Uponligand binding, Janus tyrosine kinases that are constitu-
tively associated with gp130 become activated, resulting in
tyrosine phosphorylation of the transcription factor STATS
(sign:nal transducer and activator of transcription 3), Activated
STATS accumulates in the nucleus whereit induces IL-6 target
genes (6).

Soluble gp 130 (sgp130) has a moderate antagonistic effect on
IL-6 activity (7}, whereas soluble 1L-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 gp130. We have

  

 

tor fusion protein; STAT, signal transducer and activator of transcription;
YFP, yailow fluorescent protein; s, soluble; D, dornain; R, receptor; ELISA,
enzyme-linked Immunosorbent assay; Bistris, 2-[bis(2-hydroxyethy?)
amino]-2-(hydroxymathy!)propane-1,3-diol.
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shown that, in the presence of sgp130, the agonistic activity of
siL-6Rais converted to an antagonistic activity @), Thus, the
combined application of sIL-6Re and sgpi30 resuits in a strong
inhibition of IL-6 activity.

The extracellular part of gpi30 consists of a single Ig-like
dormain (D1) followedbyfive fibronectin type T-like domains
(22—D6) (10), Domains D2 and D3 form the cytokine binding
module (CBM), which is the stractural hallmark of the hema-

topoietic cytokine receptors (11). The extracellular part of
IL-6Rqe also consists of an Ig-like domain (D1) followed by a
CBM(Dt? and D3) 42). By mutational analysis, it was shown
that IL-6 contacts its receptors with three distinct binding sites
(13). Site I binds the CBMof TL-6Re (14), and sites I] and Hit

interact with the CBM and D1 of gp130, respectively (15),
Recently, the structure of the soluble hexameric IL-6 recep-

tor complex consisting of two molecules of each IL-6, sIL-6Ra
(D2-D3), and sgp130 (D1-D3) has beensolved byx-raycrys-
tallography(16). One [IL-6 molecule contacts withits site TT the
CBMof one gp13G, and withits site HI, the Ig-like domain ofa
second gp130 molecule. The sameis valid for the second IL-6
molecule leading to a highly symmetric complex,

Based onthe structural features of the IL-6 receptor complex
and the well characterized antagonistic activity ofthe combina-
tion of siL-GRe and sep 130, we designed a fusion protein(inter-
leukin-6 receptor fusion protein, IL-6-RFP) consisting of the
ligand binding domains of gp130 (D1-D3) and IL-6Re (D2~
13) fused with an appropriate peptide linker (see Fig. 7A) (3).
Wehave shown thatthis fusion protein acts as a highly potent 
IL-6 inhibitor. The cytokine receptor gp130is a shared receptor
subunit that is used by other IL-6-type cytokines, such as inter-
lenkin-11 CIL-11), oncostatin M (OSM), and leukemia inhibi-

tory factor (LIF) (17, 18}. Although IL-6-RFP does not inhibit
IL-11 (3), its activity toward LIP and OSMhas not been tested
yet,

Although the iraportance of fused cytekine receptors as
future drugs has been recognized (19), their mode of action has
not been analyzed in sufficient detail. Therefore, we investi-
gated thespecificity, stability, and stoichiometryof the complex
formed byIL-6 and IL-6-RFP. We have shown that IL-6-RFPis
a highly specific (L-6 inhibitor that does notinterfere with the
bioactivity of the related cytokines LIF and OSM. A new
method for the analysis of protein-protein interactions based
on blie native gel electrophoresis, fluorescent fusion proteins,
and fluorescence scaring is presented. We have shown thata
2-fold molar excess of IL-G-RFP over IL-6 is sufficient to com-

pletely trap EL-6 in a binary EL-G-EL-6-RFP complex. The com-
plex of IL-G-IL-6-RFP is move stable than the complex of IL-6
with the separate soluble receptors siL-GRa and sgp130. As
shownina live cell imaging experiment, YFP-1L-6, once bound
to its cell surface receptors, is removed fromthe 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 ofthe [L-G-0-6-REP complex is analogous

 to the hexameric receptor complex identified by x-ray crystal-
lography. Thus, IL-6-RFPis a promising IL-6 inhibitor for the
treatment of diseases caused by dysregulated IL-6 expression.

JANUARY 72, 2007 °VOLUME 282*NUMBER 2
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The Complex ofIL-6 and iL-6-RFP

EXPERIMENTAL PROCEDURES

Cytokines, Cytokine Receptors-—Recorabinant 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 B9 cell proliferation assay (21). OSM was pur-
chased from PeproTech (Rocky Hill, NP and LIP 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 Transfection of HepG2 Ceils--The human
hepatomacell line HepG2 (purchased from the American Type
Culture Collection, Manassas, VA} was grown in Dulbecco's
modified Eagle’s medium F-12 1:1 mix with GhitaMax™™1
(Invitrogen) supplemented with 10% heat-inactivated fetal caif
serum (Cytogen, Princeton, NJ). For starvation conditions, cells
were cultured in pure, serum-free Duibecco’s modified Eagle’s
medium with 4500 mg/lter glucose, Ghitamax'™, and pyru-
vate (Invitrogen), Plasmids were transiently transfected into
HepGz cells using PFuGENE6 (Roche Applied Science) accord-
ing to the manufacturer’s instructions,

Cell Culture and Transfection of COS-7 Cells—The simian
monkey kidney cell line COS-7 (kindly provided by 1. M. Kerr,
Cancer Research UK, London, UK) was cultivated in Dulbec-

co’s modified Eagle’s medium with GlutaMax'™(nvitrogen)
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 grownat 37°C
in a water-saturated atmosphere in 5% CO. Plasmids were
transiently transfected into COS-7cells using Lipefectarnine™
2606 (Invitrogen) according to the manufactarer’s protocol,

Reporter Gene Assay—HepG2 cells were seeded onto 6-well
plates (9.6 cm’/well) and transiently co-transfected with pGL3-
#2M-Luc (construct with luciferase gene regulated by the a2
macroglobulin promoter} and pCR'™3 LacZ (galactosidase
construct with a constitutively active promoter; Amersham
Biosciences). Cells were starved in serum-free medium for 6h

and subsequently stimulated with 5 ng/ml IL-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 cells
were stimulated in parallel with 0.5 ng/ml OSMor a mixture of
OSMand IL-6-RFP, with 5 ng/ml LIP, or a mixture of LIF and
{L-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 accordingto the instructions of
the manufacturer (Promega). The luciferase activity values
were normalized to the transfection efficiency, which was
determined as ®-galactosidase activity. The experiments were
carried out in triplicates, and the mean values and standard
deviations were caloulated.

Preparation of Cell Lysates, SDS-PAGE, Western Blotting
and Irmemunodetection--HepG2 cells were cultured on 6-well
plates, starved overnight, and stimulated with the indicated
cytukine or combination uf cytokine and TL-6-RFP for 20 min.
Subsequently, cells were lysed with radicimmuneprecipitation
assaylysis buffer (50 mn Tris-HCl pH 7.4, 150 mm NaCl, 1mm
EDTA, 0.5% Nonidet P-46, 1 mm NaF, 15%glycerol, 26 mm
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The Complex ofIL-6 and IL-6-RFP

8-glycerophosphate, i mm Na,VO,, 0.25 mophenylmethyisul-
fonyl fluoride, 5 ug/ml aprotinin, and 1 yg/ml leupeptin). The
lysates were analyzed with SDS-PAGE, Western blotting, and
imumunodetection using an antibodydirected against phospho-
tyrosine (705)-STATS3 (Cell Signaling Technology, Danvers,
MA) or STATS (type H190, Santa Cruz Biotechnology, Santa
Cruz, CA). Both antibodies were used in a 1:1,000 dilutionin

TBS-N (20 mm Tris-HCI] pH 7.6, 137 mm NaCl and G.1%
Nonidet P-40}.

Purification andExpression ofYEP-IL-6 in Insect Celis—High
five (H5) insect cells (Invitrogen) were cultured at 27°C in
Sf-906H medium (Unvitrogen} containing 2 4wg/ml blasticidin.
To stably transfect the cells with an expression plasmid coding
for YFP-IL-6, the Cellfectin method (Invitrogen) was used, 72h
after seeding of the stably transfected cells, the supernatants
were harvested, and subsequently cell debris was removed by

centrifugaton andsterile filtration. YFP-IL-6 was purified from
cell supernatants byaffinity chromatography using immobi-fined siL-6Ra. The eluates were supplemented with 0.02%
bovine seruro albumin (BSA) to increase protein stability and
dialyzed overnight against phosphate-bulfered saline (0.2 mM
Natl, 2.5 my KCL 8 mm Na,HPO,, 1.5 mm KH,PO,). The
concentration of YFP-IL-G6 in the eluted fractions was deter-

mined by SDS-PAGE, Westernblotting, enzyme-linked

nosorbentassay((ELISA) (23), and fluorescence spectroscopy.
y—Samples containing YFP-IL-6

were° excited at a wavelength of 514 nm, whereas the light emis-
sion between 520 and 600 nmwas detected. The emission max-
imum of YFP at 525 nm was usedfor the determination of the
YEP-IL-6 concentration.

Expression ofIL-6-RFP in Baculovirus-infected Insect Cells—
IL-6-RFP was cloned as described previously (3). The Hnker
that joins D1--D3 of humangp130 with D2-D3 of human
IL-6Ra consists of the flexible extracellular “stalk” region of
IL-6Re (Ala*“3-Val®**) and is therefore supposed to be of low
antigenicity, An additional N-glycosylation site is introduced
with the linker (Asn-Ala-Thy) (3). To produce 1-6-RFP using
the baculovirus expression system, theinstructions givenby the
manufacturer 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 pVL1592digested with
the same enzymes. S{21 insect cells were cultivated at 27 °Cin
5f-90GH mediumwith 10%fetal calfserum. Ceils were co-trans-

fected with 4 we of pVL1392-1L-6-RFPplasmid and 6.5 ug of
BacmloGold™ 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 Sf21 cells by ELISA. The
selected virus clone was then amplified byinfecting SPL58 cells
sultivated at 27 °C in serum-free SESCOM medium. Forprotein
expression, exponentially growing Sf158 cells were infected
with the recombinant IL-6-RFP baculovirus. Three days after
infection, the cell supernatant containing IL-6-REP (~ 1 xe/ml)
was harvested and cleaned from cells and celhdar debris by
centrifigation andsterile filtration.

Purification of IL-6-RFP by Affinity Chromatography—IiL-6-
REP waspurified from Sf158 supernatants byaffinity chroma-
tography with IL-6 immobilized tu CNBr-Sepharose (Amer-

 
  

dimmu-
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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 2m Tris-HCl (pH9). 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
ug/ml) and dialyzed overnight against phosphate-bufferesaline. The final concentration of purified IL-6-RFP was - 10
ug/ml at a yield of ~-70%. IL-6-RFP wasstored for up to three
years at ~ 20°C without major loss of activity.

Quantification of IL-6-REP by ELISA-—An ELESAfor the
quantification of FLAG-tagged IL-6-RFP was carried out as
described previously (9}, The ELISA plates were coated with 6.pg/ml FLAG monoclonal antibody (Sigma), and 50 ng/ml bio.
tinylated monoclonal antibody B-T2 (Diaclane, Besancon,
France) was used as the secondary antibody. The standard
curve was obtained by 2-fold serial dilutions of sgp130-PFLAG
expressed in COS-7 cells and calibrated by sgp130 ELISA (9),

Blue Native PAGEand Detection ofFluorescence of YFP--To
allow complex formation, YPP-IL-6 and IL-6-RFP {or YFP-
L-6, sIL-6Ra, and sgp130) were incubated for 36 min at room

temperature at molarratios 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 mmtricine, 15 mnBistris, and
0.002% Coomassie Brilliant Blue® G 250 (Serva, Heidelberg,
Germany), whereas the anode buffer contained 50 rim 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-RFP were supplemented with BSA
to increase protein stability, The flecrescence of YFP was
detected with a Typhoon gel imager {Amersham Biosciences)
using an excitation at 488 um, whereas the emission was
detected using a 500-540 nm band-passfilter. After detection,
the gels were fixed and silver-stained.

Live Celi Imaging by Confocal Laser Scanning Microscopy-—
Confocal microscopyoflivingcells was carried out using a Zeiss
LSM516 Meta confocal laser-scanning microscope(Zeiss, Jena,
Germany) equipped with an argon laser, a 63%/1.2 aperture
water-corrected objective, an open cell cultivation chamber
(Pecon, Erbach, Germany), and a CQ, incubation and heating

unitteiss). For live cell imaging, COS-7 cells were transfected
with pSVL-gp130id-CFP coding for an internalization-defi-cent natant of gp 130 fused to CFP (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 CO, amount of 5%and a temperature of 37°C, For
recording of multiple fluorescencesignals from one cell, the
multitrack function of the LSM510 Meta microscope was used.

we fluorescerice was excited with A = 458 no (5%transmtis-sion} and detected after a band-pass fitter BP 480/26. Yellow
fluorescence was excited with A = 514 nm (5% transmission)

and a band-passfilter BP 530-600 was used. All imagesrepre-
sent confocal slices of ~1 am. Cells were co-stirnulated with
246 og/ml YFP-IL-6 and 3 pg/ml siL-6Re, and CFP and YEP
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FIGURE1. Bioactivity and specificity of 1L-6-RFP.A, HepG7cells were trans-
fected with a reporter gene plasmid coding for luciferase under the control of
the iL-6-responsive rat a2M promoter. To investigate the concentration
dependenceof the inhibition of theIL-6-induced luciferase activity by IL
RFP, IL-6 and IL-6-RFP were incubated at the indicated molar ratios for 36 min
at 37 °Cto allow complex formation. Subsequently, Hepta2 calls were stimu-
lated for 16 b with the mixture of cytokine and inhibitor. Luciferase activity
was measured in triplicates. 5, HepG?cells weretransfected as describedforA andstimulated with {L-6, OSM, or LIF. To investigate the specificity of the
IL-6 inhibitor, IL-6, GSM, or LIF were preincubated with 1L-6-RFP for 30 minat
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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flierescence 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 rnin after co-stimulation.

Gel Filtration--Gel filtration was carried out at 4°C with a

Superdex 200 16/60 column (AmershamBiosciences) at a flow
rate of | ml/min. During each run,the light absorption at 280
mm. was measured. The columnwascalibrated with 9 mpofa gel

filtration standard protein mixture containing thyrogiobulin
(470 kDa), y-globulin (158 kDa), ovalbumin (44 kDa}, myoglo-
bin (17 kDa}, and vitaminB,, (1.35 kDa) (Bio-Rad). During gel
filtration of YFP-IL-6 and the YFP-IL-6-IL-6-RFP complex,
3-xml fractions were collected,

RESULTS

IL-6-RFP Inhibits Acute Phase Protein Gene Induction and

TATS Activation by IL-6 but Not by the Related Cytokines

OSM and LiF—Human hepatocellular carcinoma cells
(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 shownin Fig.
1A, IL-6-RFP concentration-dependently inhibited the induc-
tion of the a? macrogicbulin (22M) promoter by IL-6 in areporter gene assay. - 2-fold molar excess of EL-6-RFP over
IL-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 1L-6 activity, gene induction by OSM was not dis-
turbed (Fig. 18), At a 30-fold molar excess of IL-G-RFPoverLIF,
LIF activity was not affected. A moderate inhibition of LIF
activity was observed at a 60-fold excess, Fig. LC showsthat
L-6-RFP acts on [L-6-mediated reporter gene induction not

only after preincubation of the cytokine andthe inhibitor (pro-
cedure a) but also when the inhibitor is given simultaneously
(procedures b and c) or with a delay of 10 min (precedure d) or
20 min (procedure 2). Reporter gene induction was measured
16 h after cytokine stimulation, whereas STATS tyrosine
phosphorylation could be detected within minutes Fig. LD).
STATS activation was inhibited when IL-6 and IL-6-RFP

were preincubated for 30 min (procedure a) or added simul-
taneously Gwrocedure c}, In this short term assay, a delay of

activity induced upon the a2M promoter activation was measured. C, HepG?
calls were transfected as described for A. IL-G was incubated with a 10-fald

molar excess of IL-6-RFP for 30 min at 37°C. Afterward, HenG?2 calls were
stimulated for 16 h with the mixture ofcytokine and inhibitor (procedure a}. in

procedure b, HepG2 cells were preincubatedwith IL“6-RFP for 30 min and thenstimulated with IL-6 for 16 h, whereas in procedure c, IL-6 and [L-6-RFP were
addedsimultaneously to the cel is withoutpreiincubation. in pro. esdand
2, HepG2cells werestimulated with [L-6 for 10 or 20 min, respectively, and
subsequently treated withIL-6-RFP for 16 h. Aftay that time, luciferase activity
induced upon w2M promoter activation was measured. D, HepG2 cells were
seeded onto 6-well plates and serum-starved overnight. Subsequently, IL-6
was incubated with a 5-fold molar surplus of 1L-6-RFP at 37 °C for 30 min to
allow complex formation. The cells were stimulated with IL-6 or the mixture of
IL-6 and IL-6-RFP for 20 min (procedure a). in procedure c, IL-6 and IL-6-RFP

were added simultaneously to the cells (without preincubation) for 20 min. inprocedures d and e, HepG2 cells were stimulated with IL-6 for 19 or 26 min,
respectively, and afterward treated with IL-6-RFF for 20 min. &, OSM aricl iL-6-
RFP or LIF and IL-6-RFP were preincubated for 30 min at 37 °C at the molar
ratios indicated. HepG2 cells were stirnulated with OSMor LIF ora mixture of
OSMand IL-6-RFP or LIF and IL-6-RFP for 20 min. After stimulation, HepG?
calls were lysed. The lysates were analyzed by SDS-PAGE, Western biot, and
immunodetection with phospho-STATS3- or STAT3-spacific antibodies.
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fluorescence detection

FIGURE 2. Blue native PAGE; YFP-IL-6 binds to IL-6-RFP with a higher affinity than to siL-6Ra or the
combination of siL-6Ra and sqpi30. To compare the concentrations of IL-G-RFP (A), siL-GRa (B}, or the
combinationof siL-6Ra and sgp130 (C) sufficient to bind to YFP-IL-6, YFP-IL-6 was incubated with a 2-, 0.4-,

~6-RFP for 30 min at roomtemperature. Ina parallel approach, YFP-IL-6 was
Re ora 10-, 2-,0.4-, 6.08-, or 0.016-fold molar

ratio of the combination of siL-GRa and sqp130 and also incubated for 30 min at roorn temperature. The
protein complexes were separated by blue native PAGE, and the fluorescent ¥F
rescence detection. Subsequently, the polyacrylamide gels were fixed andsilver-s

C.08- of 0.616-fold molar ratio of IL
mixed with a 10-, 2-, 0.4-, 6.08-, or 0.016-fold molar ratio of sil 

the action of IL-G-RFP was not tolerated (procedures d and
¢}). TL-6-RFP did not interfere with STATS

induced by LIF or OSM(Pig. 1&).
Analysis of the Interaction between IL-6 and IL-6-RFP hy a

Fluorescence Get ShiftAssay—Although the bicactivity of IL-6-
REP has been analyzedin detail (Fig. 1) (3), the complexforma-
tion of (L-6-RFP and PL-6 has not been studied. In a recent

publication, we have shownthat fusion of the yellowfluores-
cent protein (YFP) to the N terminus of IL-6 does notaffect its
bicactivity (26). The fluorescent cytokine YFP-IL-6G was
expressed in insect cells and purified byaffinity 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 electropheore-
sis was performed under blue native PAGE conditions. When

activation
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siL-6Re and sgp 13a! YFPR-IL-6
molar ratio}

YFPALAG, 24 ng

}-(YFP-IL-6/SIL-SRev sgp130),

~YPFPUL-6 dimer

the wet gel was analyzed bya fluo-
rescence scanner, YFP-IL-6 was

readily detectable as two separate
bands (Pig. 24, upper panel, lanes 2
and 3),

Ruorescencs detection Subsequently, the same gel was
silver-stained (Fig.
panel), At the higher concentra-
tion (120 ng), the upper YFP-IL-6
band is clearly visible (Tig. 2A,
filled triangle, lane 2}, whereas the
lower one is only weakly stained
{open triangle, lame 2), At the
lower concentration (24 ng) (Fig.
2A, jane 3), YFP-IL-6 is hardlyvis-
ible. Thus, the sensitivity of the
fluorescence detection was similar

or even exceeded the sensitivity of
a silver stain. In fame J, albumin

alone was loaded onto the gel. The
albumin monomer (65 kDa) is the
strongest band, but the dimer(130
kDa}, trimer (195 kDa}, and tet-
rarner (260 kDa) are also clearly

a4 5

YFPALS StL-GRey, 17 kD 2A, lower

Sliver Stang

detectable. These bands serve as
molecular mass markers, The cal-
culated molecular mass of YFP-

IL-Gis 46 kDa. Therefore, the band

between the albumin dimer (130

kDa} and the albumin monomer

(65 kDa} corresponds toa dimer of
YFP-IL-6 (92 kDa), whereas the
lower band represents the meno-
mer (46 kDa},

The addition of IL-6-RFP to YFP-
IL-6 resulted in a marked shift of the

fluorescent band, which indicates

complex formation of YFP-IL-6
with IL-6-RFP(Pig. 2A, lanes 4-6).
We often observed that the band

shift was accompanied with a con-

 

 -6 was visualized by flue-
ained. siderable increase in fluorescence

intensity. We attribute this phe-
nomenon to quenching or dequenching of the fluorescence,
dependent an varying lecal concentrations of Coomassie, salts,
and polyacrylamidein the gradient gel. A 2-fold molar excess of
iL-6-RFP was sufficient to trap YFP-1L-6 completely (lane 4}.
Still ata 0.4- or 0.08-fold molarratio of IL-6-RFP over YEP-IL-6,

a complex was formed. To achieve a complex formation
between s{L-68a@and YEP-IL-6, a 10-fold molar excess of s{L-

5Ra is required (Fig. 28, 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-6Ra@ and sgpl30 (Fig. 2C)
required a 10-fold malar excess to completely bind YFP-IL-6,
whereas a 2-fold molar excess led to onlya partial trapping of
YFP-IL-G (Fig. 2A, compare with lave 4). These results indicate
that IL-6-REP binds YFP-IL-6 more efficiently thanits soluble
receptors,
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FIGURE 3. Blue native PAGE; analysis of the stability of the complex
formed by HL-6-RFP and YFP-IL-6 and the complex of YFP-IL-désiL-
6Rasgp130 in the presence of urea. To allow complex formation, 24 ng of
YFP-IL-6 were incubated with a 2-fold molar surplus of 11-6-R
min at room temperature (A), in a parallel approach (8}
6Re (44 ng), and sqoi30 (74 ng) were mixed at a molar ratio of |
incubated at room temperature for 30 min to enable complex formation.
Thereafter, the indicated amounts of urea were added and incubated for
another 10 min at roam temperature. After incubation, the protein corn-
plexes were separated by blue native PAGE, and the fluorescent YFP-IL-6 was
visualized by fluorescence detection. Subsequently, the polyacrylamide gel
was fixed and silver-stained,

 
  
 
 

IL-6 Forms a More Stabie Camplex with IL-6-RFP than with
fis Soluble Receptors—Three experiments were performed to
assess the stability of the complexes formed by IL-6 and IL-6-
REP or UL-6 andits soluble receptors. Inafirst experiment, the
complexes were incubated inthe presence of ureaat increasing
concentrations. Although the complex of IL-G-IL-6-RFPis still
detectable in the presence of G m urea (Fig. 3A, filled triangle),
arlya faint band of the HL-6siL-GRa-sgp130 complexis visible
in the presence of 2 M urea (Fig. 38, filled triangle), which dis-
appears at a concentration of 4 m urea. Interestingly, with
increasing concentrations of urea, the band of the YFP-IL-6
monomer becornes more intense (Fig. 3), suggesting that urea
induces a dissociation of the YFP-1L-6 dimers into monomers.

In a second approach, the cormplexes formed by YFP-IL-6
and IL-6-RFP or YFP-IL-6 and its soluble receptors were incu-
bated with varying arnounts of unlabeled IL-6 fer 2 h to de
mine the replacement of YFP-IL-6 by IL-6. A 16-fold molar
excess of IL-6 over YPP-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, 4A). The fluorescence intensity of the complex decreased
at a 10-fold molar excess of IL-6 over YFP-IL-6 (Fig. 4A, filled
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triangle), whereas the fluorescence of the YFP dimer became
more intense (open triangle). In the case of the receptor com-
plex formed by YFP-IL-6 and its soluble receptors, lower
amounts of unlabeled IL-6 were sufficient to displace YFP-1L-6
(Fig. 48). The fluorescence of the YFP-IL-6 dimer increased
when IL-6 was added at a 0.1-fold molarratio (Fig. 4B, open
triangle},

in a complementary third approach, increasing amounts of
siL-6Raand sgp130 were added to the complex formed by YFP-
IL-6 and EL-6-REP (Fig. 4C). Hardly any YFP-IL-G-siL-
6Ra-sgp130 ternary complex was detectable after 2 h. Con-
versely, when [L-6-RFP was added to a preformed YFP-IL-
6sfL-6Rasgp130 ternary complex, the complex of YFP-IL-
GiL-6-RFP was formed within 2 h at only a 0.1-fold molar
concentration of IL-6-RFP over siL-6Re and sgp130 (Fig. 4D).
Thus, the cytokine is more efficiently trapped in complex with
{L-6-REPthan in complex with the saluble receptors.

iL-6-REP Removes YFP-iL-6 from the Cell Surface Receptor
Complex—Next, we asked whether IL-6-RFP, as a result ofits
superioractivity, would be able to rermove IL-6 fromits receptor
on the plasma membrane. Therefore, we transfected COS-7
cells with an internalization-deficient (id) mutant of gp130
fused to CEP (gp150id-CFP (26)} and analyzed living cells by
confocal laser scanning microscopy. As shown in Fig. 5A,
besides endoplasmic reticulum and Golgi apparatus, the
plasma membraneoftransfected cells is clearlyvisible in the CFP
channel resulting from surface expression of gp130id-CFP. After
the addition of YFP-TL-6 and sIL-6Re: (CO5-7 cells lack endage-
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, 5A, red rectan-
gles} are depicted in Fig, 5B. YFP-IL-6 binding to gp130id-CFP
reached saturation within 50 min(Fig. 58,leftpanel}.

Ina second experiment(Fig. 54, rightpanel}, a 10-fold molar
excess of IL-6-RFP over YFP-IL-6 was added 21 minafter YFP-

[L-G/sTL-6Ra stimulation when ¥FP-IL-6 binding was nearsat-
uration. The addition of IL-6-RFP resulted in a decreaseofcell

surface staining of YPP-IL-6, as shown in the image of the YFP
channel 49 minafter stimulation. The corresponding fluores-
cence intensities of YFP and CFP in the indicated region of
interestare 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 merabrane indi-
cates that YFP-IL-6 is rermavedfrom the cell surface. Within 25

min, the IL-6-occupied receptors decreased by 50%, Thus, {L-6-
RFP hasthe capacity to eliminate IL-6 from activated receptor
complexes at the cell surface.

Determination of the Molecular Mass of the YFEP-IL-GiL-6-
REP Complex by Gel Filtration—iL-6-RFP was purified from
insect cell supernatants by affinity chromatography on IL-6-
Sepharose (Fig. 6A). In non-reducing 5DS-PAGE, IL-6-RFP
appears as a monomeric protein with an apparent molecular
mass of ~80 kDa (Fig. 6A, Jane 2}. We used a calibrated gel
filtration column to determine the molecular masses of YFP-

IL-6, IL-6-RFP, and the complex of YFP-IL-6 and IL-6-RFEP.
YFP-IL-6 was detected by fluorescence spectroscopic analysis
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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 YPP-0L-6 with
a 2-fold molar excess of IL-6-RFP

resulted in a dramatic change in the
ehition patterns (Fig. 6D). The
whole population of YFP-IL-6
ehited earlier from the column cor-

responding to a higher apparent
roalecular roass, This finding indi-
cates that YEP-IL-6 is completely
trapped in a complex with IL-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}, AD fractions that con-
tained the shifted YFP-IL-6 also

contained IL-6-REP, 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-GEL-6-RFP complex
derived fromgel filtration (Fig. 6D)
is 325 kDa. Ifthe complex is built up
according to the native hexameric
receptor complex (consisting of two
molecules each of IL-6, 1L-5Ra, and

gp130 (16)), a tetrameric complexis
expected, consisting of two mole-
cules of YFP-IL-6 and two mole-
cules of IL-6-RFP. The caiculated

molecular mass for such a complex
is 264 kDa, The discrepancy
between the observed and calcu-
lated values can be attributed to the

FIGURE 4. Blue native PAGE; competition of IL-6 with YFP-IL-6 trapped by 1L-G-RFP or by sil-6Raand
sgp130. A, YFP-IL-6 was incubated with a 2-fold molar surolus of IL-6-RFP for 36 min at room temperature to
allow complex formation. In a paraliel approach (6), YFP-I_-6 was mixed with a 2-fold molar surplus of siL-6Aa
and sgp130. Subsequently, non-tagged IL-6 was added at increasing concentrations (0-, @.1-, 1-, 10, and
106-fold molar ratio over ¥FP-IL-6] and incubated for 2h 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-64L-6-RFP (Cj) and YFP-iL-6siL-6Rassgp1 30 (2) were preformed by incubation at 37 °C for 30
min at molar ratios 7:2 (C} or 1:10:10 (D). Subsequently, the complex YFP-IL-6-IL-6-RFP was incubated with a 6-,
6.1-, 1+ and 10-fold molar excess of siL-GRo and sgp730 over IL~G-AFP for 2 h (OC), and the complex YFP-IL-6-siL-
6Ro-sgp130 was incubated with a O-, 6.1-, T-fold molar ratio of IL-G-R&EP over the soluble receptors for 2h (D}.

  
 

  

bullcy architecture of the 1L-6 recep-
tor complex (16) as discussed below.

DISCUSSION

According to the x-ray structure
of the soluble IL-6 receptor corn-
plex, IL-6 signals through a hexam-

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

Theelution profile of IL-6-RFP is shownin Fig. 6C. Interest-
ingly, ne monomeric IL-6-RPP could be detected. The major
portion of IL-6-RFP is found in a peak corresponding tu 170

JOURNAL OF BIOLOGICAL CHEMISTRY1244

eric complex consisting of two mal-
ecules each of IL-6, IL-6Ra, and

gp 130 (16). The soluble receptors sIL-6Ra and sgp130 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 onthis observation, we designed a fusion
protein composedof the ligand binding domains of IL-6Ra
(Fig. 7A, D2 and D3) and gp130 (D1-D3), which turned cut to
be a highly potent inhibitor of IL-6 (3). Such novel cytokine
inhibitors are promising candidates fur future drugs against
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moderately affected. This cross-re-
activity of IL-6-RFP can be

explained by low affinity binding of
LIF to dormains D2 and D3 of gp130
(31). However, at concentrations

of IL-6-RFPsufficient to trap IL-6
ina high-affinity complex, the fu-
sion protein is a highly spe
IL-6 inhibitor, The low activity
of [L-6-RFP toward OSM and LIF

is in line with the ineffective neu-

tralization of these cytokines by
the full-length soluble gp130 (D1-
D6). A 30C-fold molar excess of

sgp136 over OSMresulted in only
a marginal inhibition of OSMbio-
activity (7).

interestingly, in a long term
reporter gene assay that mimics
IL-6 bioactivity, a short delay of
IL-6-RFP application is well toler-
ated (Fig. LC). To inhibit the early

 
 

 

 

without HG4REP iL-S-RFP added 27 min alter
YERAL-G!

activation of STATSin response to
IL-6, however, TL-6-RFP has to be

added at least simultaneously (Fig.
LD). These results showthat a short

initial pulse of STATS activation is

sil-6Re. stimulation
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FIGURE 5. Live cell imaging of removal of YFP-IL-6 from the surface of gp130id-CFP-transfected cells by
cells were transfected with 4 ug of pSVi-“gp 130id-‘CFP, seeded onto coverslips, and inves: uponHL-6-REP. A, COS-7

tigated in an open cell cultivation chamber by confocal ijaser scanning microscopy. Calls
246 ng/ml YFP-IL-6 and 3 g/ml siL-GRa, and pictures were taken every 4 min over 1h
approach(right panei, a 1C-fold molar excess of [L-6-RFP was added to the cells 21 min after stimutation. The

region of interest usedfor quantitative evaluation in 8 is markedin red. The cells shown are representati 

 
ch approach.8, quantitative evaluation of A

in each pi 2. The curve showing
senting the YFP fluorescenceis marked by orange squares.

chronic inflammation and autoimmunediseases (19).
fore, a characterization of their mode ofactionis of consider-

able importance.
Becausegp 130 is the sharedsignaling receptor subunit ofthe

IL-6-type cytokines, specificity of IL-6-RFPis a critical issue.
On human ceils, OSMsignals through a heterodimer of gp130

and theoonor a heterodimer of gp130 and the LIF-
receptor (LIFR) (30). Even ala.‘ge excess of FL-6-REP over OSM
does not inhibit OSMactivity (Fig. 1, B and £), indicating that
the affinity of OSM to the gpi30 moiety of IL-6-RFPis verylow.
LIF signals through a heterodimer of gp130 and the LIFR (30).
At a 60-fold molar excess of IL-6-REP over LIF, LIF activityis

There-

 

Be
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using the membrane regionof interest indicated

the CEP fluorescenceis marked by blue triangles, whereas thecurve repre-2

not sufficient for a robust pene
induction but that the cytokine has
to act for a considerable period of
time. This meansthat, for the treat-
ment ofa disease with IL-6-REP, the

inhibitor can block the biclogical
activity of IL-6 even when applied
after the cytokine release, This is
further substantiated by the results
of ourlive cell imaging experiment.
IL-6 bound to the ceil surface is

removed from the receptor complex
the addition of IL-6-REP

(Fig. 5).
The shift of GFP fusion proteins

of in native gels can be used to detect
protein-protein interactions (32).
We combined the application of
blue native gel electrophoresis,

fluorescent fusion proteins, and advanced fluorescence gel
imaging to analyze the interaction of IL-6-RFP with IL-6. YFP-

IL-6 was generated by fusion of the YFP ‘e the N terminus of{L-6. The 28 N-terminal amino acids of IL-6 are notinvolved in

receptor binding (9).. Therefore, fusion oyEP to the N termi-
nus of IL-6 does not affect IL-6 bicactivity (26). Indeed, theinteraction of YFPIL-6 with IL-6-REP could be visualized by a
dramatic shift of the fuorescent band (Fig. 2}. A 2-fold molar
excess of IL-6-RFP over YFP-IL-6Gis sufficient to completely
trap YFP-IL-6 in a high molecular mass complex. In these
fluurescence gel shift assays, the separate soluble receptor
proteins sTL-6Raand sgp130 are of lower activity, whichis in
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1 eft panel). in a second
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FIGURE 6. Superdex gel filtration of YFP-IL-6 and the complex of YFP-IL- 
G1L-6-RFP. A, 25 ul of supernatant of baculovirus-infected insect cells con-
taining ~ 25 ng of 1L-6G-RFP Vane 1) or 25 ng of purified IL-6-RFP in PBS (lane 2)
were separated by $D5-PAGE under non-reducing conditions. Subsequently,
the gel was silver-stained. M, marker proteins. 8, 57 wg of YFP-IL-6 ware
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FIGURE 7. Proposed assembly of the 1.-G-ii-6-RFP complex in analogy to
the hexameric IL-6 receptor complex. Individual domains of go130 and
IL-6Ra are shown in blue and green, respectively. Black bars mark the con-
served WSAWS moti D3 domains, and black lines depict conserved disul-
fide bonds in D2 dor 5. The tinker is shown as a black fine, Interactions are
designated as proposed by Boulanger et al. (16). Monomeric IL-6-RFP (4)
forms a dimer(8) throughsite [lb and 1b interactions.Forclarity, in the com-
plex of 1L-6-RFP and IL-6 (C), only five of the ten interactions are marked. inthe
complex, each of the marked interactions occurs twice.

  
 

Une with their lower potential to inhibit IL-6 (3). The ranking
of efficiency in trapping IL-6 is LL-6-RFP >slL-GRa/
sgp130 > siL-GRe > sgp130. Sgp130 alone has no detecta-
ble affinity to IL-6 (not shown). The superior activity of IL-6-
REP is also reflected in the increased stability of the YFP-IL-
SIL-6-REP complex toward denaturation by urea, the lowrate
of replacement of YFP-IL-6 by non-taggedIL-6, theresistance

 analyzed ona calibrated Superdex 200 16/60 column (molecular ma C
10-600 kDa) at a flow rate of 1 mi/mir. 3-ri fractions were collected and
analyzed by fluorescen ectroscopy m ring the YFP emission at 525
nm. C, iL-6-RFP (17.7 y4g) was analyzed by gelfiltration on the same column.
3-mi fractions wera analyzed by ELISA. D, to enable complex formation, YFP-
IL-8 (5.7 ug) was incubated withiL-6-RFP ina 2-fold molar surplus (17.7 yg) for
30 min at room temperature. The cornplex was analyzed by ge! filtration. The
3-mi fractions were analyzedby 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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ofthe YFP-IL-GIL-6-RFP complex toward an excess ofthe sol-
uble receptor proteins (Figs. 3 and 4), and the elimination of
receptor-bound YFP-IL-6 frora receptor complexes at the
plasma membrane by IL-6-RFP (Fig. 5).

In blue native PAGE, the mobilityof the complex of YFP-IL-6

and IL-6-RFPis lower than the mobility of the albumin tet-
  
ramer (266 kDa} (Fig. 24). From a plot of the logarithm of
molecular masses of the BSA multimers versus the relative

migration distances ik,s not shown), we calculated an apparent
molecular mass of ~-290 kDafor the complex of YFP-IL-6 and
IL-6-RFP. We performedgelfiltration with a calibrated column
(Fig, 6) to corroborate the molecular masses deterrnined by
blue native PAGE. Gel filtration confirmed the observations

made byblue native PAGE. We foundthat preparations of YFP-
IL-6 consist of a monomeric and a dimeric species (Fig. 6B).
Dimerization of YFP-IL-6 is mot caused by the YFP moiety,
because YFP appears as a monomer in native PAGE (not
shown). Thus, dimerization of the fusion protein is attributed
to the knownpropertyofrecombinant 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 mM urea (34).
The behavior of YFP-IL-6 in ourgel shift assays is in agreement
with the biophysical investigations on the IL-6 dimer. The

obility of the IL-6-EL-6-RFP complex does not change under
conditions that lead to dissociation of the YFP-EL-6 dimer(Fig.

3}, indicating that IL-6-RFPis largely complexed with mono-meric YFP-IL-6. This observation is in line with the fact that

IL-6 dimerizes by interactions of the gp13G binding sites of
two {L-6 molecules (34). These sites are occupied upon binding
of 1L-6 to [L-6-RFP(Fig.Unexpectedly, nligended IL-6-RFP elutes from the gel fil-
tration column with a retention time corresponding to a
dimeric protein, Sgp 136 as wellas sIL-6Ra aremonameric pro-
teins that interact in the presence of IL-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, in the dimeric IL-6-RFP, these contacts are partially sta-
bilized by the covalentlinkage ofthe corresponding IL-6Ra and
gp130q domainsleading to the formation of an 1L-6-RPP dimer
in the absence of IL-6 (Fig. 78).

If we assume a preformed EL-6-RFP dimeras depictedin Fig.
7B, UL-6 fits well intothis assembly, leading to a complex of IL-6
and [L-6-RFPbuilt up in analogy to the hexameric IL-6 receptor
complex (Fig. 7C). The apparent molecular masses determined
bygel filtration ($25 kDa) and blue nativePAGE (290 kDa) are
higher than the calculated molecular mass (264 kDa) of the
GL-6),(EL-6-RFP}, complex. However, the complex depicted
in Fig. 7Cis not a highly compact structure but rather extended,
comprising a real cavity between the two [1-6 molecules. This

architecture might explain the increased apparent molecular
mass. A similar deviation between calculated and apparent
molecular masses has also been observed in analysis of the
solubie IL-6 receptor complex by gel filtration and‘analytical
ultracentrifugation (35).

Taken together our analysis by blue native PAGE and gel
filtration suggests that the IL-G-IL-6-RFP complex is built up in
close analogyto the soluble extracellular hexameric IL-6 recep-
tor coroplex. The latter cormplex is held together by 10 protein-
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protein interactions (twice the sites of I, Wa, fb, Hla, and Tfb)

|7C). The superior stability of the IL-6-IL-6-RFP complex incumiparison with a similar complex built ap by IL-6, sIL-6Re,and sgp13Gis caused by thestabilization of these interactions
through a covalent linkage of the ligand binding domains of
siL-6Ra and sgp130. Thus, a molecular basis is provided forthe
high specifi nd superior affinity of 1L-G-REP in comp
to other EL. -6 inhibitors. Therefore, the fusion of ligand binding
domains of heteromeric cytokine receptors is a promising
approach for novel anti-cytokine therapies.
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11) (28, 3S)-1-(3-( 2-3} °] =A] of] BL) 1S8-1-2 )-2-] B-A-] Bl-1-SAet-3-2 ofule]e 2B

12) (2R, 3S )-1-(3-(2-S}°] =SA) ol] 2) el SH-1-H )-2-g] SB -4- Fy] Slet-3-S

Oe of Fo] Z] FORBHE] AAS SYS HE ols] ches ow

AA 4

AL pO ASS H OL. FH Bo] BPH KE os] MepyoR sgrpsd

go] ahyl zacB oop Age,

BRSe Se.

Se af ttle “Kl ro! chlr Arra efol abs ftMt

ATE 5

alazoll glola|, 27] BS Aet He He IL-6 HS IL-1 of Se HAs Ae LVS.

ATA 6

 

ala, obotal, 4] 2 4 Gane, AMIS, GaPA oesyy wy
4%, alg SYS, SEY, AGG, da, dad SYA ASS, Guy OP qespopye Faye TORY

y aasde gael age

APS 7

Aldo] lolz], abv] he algteh, Wael, elaeh, MEE, PONS, SS, eS, SHS, yay

YzZe. G3, oe, Ate, we, ave, wae, age, ame, age, Bread, aa,

Usdls, Agus, Aes, dds, SEIS, S28, Mad, Ade, pede, ddim

6, VS 2 OIA SYR PARSE TOepE AayE del BALE

127)EE, eo) PIM HG ss) depos oF

atebajo] Betzed eh.
 
 
QE) 21-6 (IL-6) = BALM Zi @lAb 2 (BSF2) EES ClE] FE B2 CINF-BAB™= Heft Alo] EZ7-el°]c}. IL-
6S B Ys] 4240) Hose BHSpelzaseA BbAs[sic} (Hirano, T. et al., Nature (1986) 324, 73-76).
2, le AA AX) Wheel GBS vPRL qr7yPS spepEreleyyL we] swe] Akira, §. et ala,
J

Adv. in Immunology (1993) 54, 1-78). IL-6= AJZYAo] FS See] GaAs WAR 2 Yeas 4ye 2

war}. sue IL 67) A4ee GAA I 6 Teale. IL 6 FTSAS ABRAS BE so] BPAHoHWe

]A}oF BODE] PPAR added, de se, welds adas « ab Aldo) SoS BAPE of 1Z0KD
o] chetehal gp130 e]cb, I-68 IL-6 $8al= IL-6/1L-6 -$8a) BSS Seta, oe]. ep130%}

-4-
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Ags}. (Taga et al., J. Exp. Med. (1987) 166, 967). c]Z7hes -Saee] ae =, ASS Janus

Kinases 2 (JAK2)7} @14k41°]¥E-3-(transphosphorylation)] 2a] 2ge}eic}, 2ge) sl JAK2¢] Sa] Teal Al

a walelicytoplasmic domains)2] “Se repo] SA) Zb/] (tyrosine residues)7} @1AbS! (phosphoryl! at ion) =} a2

o}AL. SH2U CH= el4bepo] eA AG GE“(phosphotyrosine binding motif)= 74*la. Qt STATS (signal

transducers and activators of transeription 3)S+ Z& A]M2acytoplasm) Uy wu ze) docking site 2S

a7) Bo. Fee] Awe BrAel(cytoplasmic domain)o] Asst STAT3E JAK2Q] 2a] SIA}

(phosphorylation) /F St -F +--@alo4] Bop4y epee. SIsShet STAT3SS ATMA] Al HAL Aepspo} Ss

(homo ) SEE SelHr}¢)|(heterodimer)S el 4 AW(nucleus) WH Se7s 4 Haze] UA AS

(recognilion scquence)¢] Agee] ZAK transcriplion)& 7}4]Z1t} (Levy, D.E., &, Nat Rev Mol Cell

Biol, 2002, 3, 651-62, Darnell, J.E., J.r., Science, 1997, 277, 1630-1635)

 

[5003] oje}et IL-6o] S]a FESS teadeaaAe Goes 22 2 ae a Asse] Wao) Maso] glow, uti}

AY IL-6] 2] af PESASoes Aas 7B4°8 esr}. Aa], IL-62] AeasaAel Saleh7leo] Het ape se IL-6 R Balt whe Bel Ase] sce. co] SILER Se FreAQ weal d

so] 2a ale Ast o}q)al7}BAQW FA S4e7] AW98/1102008), PAF SIG, BAS See
ae, Ha, ad, tad, Fee Ayg Had, Saree 2H, BR Ad|SsAldst Ze IL-6 Abe] 7/4se

Awe] Aseo] 7]exe Bp alr} (apa) 44} er7il 4196/12503=.) . cy Abs, BES, wee Aebaes, z[ay
WS, BSS 2 ocHa8 WSs Ge vesesy TAS WS ave] ay /HeaAlys 7esoley (4

ASS] S498/42377S.), BAD SRS 4ASMS ZISESE SSS Me Br CHASsl S 4] 4198/12377

&). Bt, ABS] 4aAS 7]ethe BUA (SASS S74 A99/471701, o] 42] 2392 B-IL-6R

Saou. ates] JSS 7 Ste IE Se BYQ#ee BAIN (4458121 400/10607), 7

Ao] zacalS 71SYo SSS) HASSSA A02/34925°]4= SAAS SEIL-OR Balelth. 7H,

424 S248 Asses A8qS N297Y=S TASS SASH A02/0809699 0] 4 ol Ae] 29Y9R2 B-

IL-GR @ale}e}, eat}, oS VAS seq] Aaa elisa + do IWaAEZS 72 + Ber 4S

ASA, AAS SL AF Adds

 
Tew

as] Weegee -— sep. ae] Wate] of 4S Be} BebS(small molecule

]

a

compound)=o]e}e AS alate] e4)=)4] ero} Bal BP Apt of-pestaz step.

ota} BA1-6 VeASMAS 2 SZedz) STATZS} BS Bo] ge. ALS Hes, #4

aga a, | Se, Pett as, Hay 2 g=s, So] te Soe TWSH 2 oyey s+

SBS] Fe] Bee] cho] Bose Aeowm Bayes (Niu, S. Cancer Res., 1999, 59, 5059-5063).

w Wb AeA GF OSA ae ASSESS FAABASS STASS Zhe Rew Bajo}, STATS
Ae S79 WY) (Gouilleux-Gruart, V. =, Leuk.Lymphoma, 1997, 28, 83-88) @ T4]% B™=# (Yu,C.L.

.Immunol., 1997, 159, 5206-5210) oA] F-RSAOoe DBSDE Zoe Balu. 24]e7)e, STAT3&.

Q=-y Mayol ae a) Mol FRAomR cs} BE Dom vse} (Frank, D.A., S&S,J.Clin.Invest., 1997, 100, 3140-2148). SIATS2:, tply Se:SS 7}2 aqeeee Sr val Ae Rall
oy OF wo, EPS SY AMAA Peaoe g Aloe Bbstach. ole] ek AVMFas-ry7q 41

spo] Upao] an BS FF] Bel xL& wee STAT3 AJAPBA AlWape] c]e YAS FeseoBy saSa] Bae] 4lon S]4t} (Catletl-Faleone, R. &, Immunily, 1999, 10, 105-

115). aaAwe AashS BRRas of ols] TEAS OF BARA] CAA OS L-67} BRS al, 11-6
Ss} FEA] Ruse] 2]et SAMS] Age} SHA geo] SalS B ode} Se] 47)7) Peso] Marya

=} (Brooke Ancrile “=, Gene & Development, 2007, 21, 1714-1719). 2@b EGFRe] Blo]e ow 21ek lung

adenocarcinoma)@]A4] IL-67} 2}8bH-2 9°uA) STAT37} BA seo) Bbsyz1 44) IL-6el 2)! gp130/JAK/STAT3 4

E77} Betz) Soe] elola, WES epAMlo =e HAs] D Bc} (Sizhi Paul Gao |. J. Clin. Invest. 2007, 117,
38463856) .

{0004] onN
Ja

b \x0StA illoofSsh }

clBSof
rho,as
 

ft & as

{0005} aa, Qe} sFZ1-11 (11-11) IL-6 familyo] 4a] ge we Aso] EF7Ue2s IL-6 Ay ee ASAsAadA
= Aon £a, ASS, SS 24S Hz- iaStee] t slide] SR 4SAoe 24y4]a. ot} (Jackson CB G J Pathol 2007, 213, 140-151 Az IL-11¢e] 2 +22]¢) IL-Linas}
gp130e] 4esto] Ae, dated ase S42 ad a#& S2V1715 veel Qe] Ba=A5) (Nakayama T “=
Int J Oncol, 2007, 30, 825-833, Yoshizaki A =, Int J Oncol 2006, 29, 869-876), Ernst 3 IL-11/Stat3

Alzeel] 2) 3] smad7°]) 2Ys;-5]a0 -EAl4) IGF B ALDSAS -SS smad activator7} 2AY}S OHA) oncogenic

a

-45-
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[0006]

[0007]

faG0g}

[0009

[0010]

foo14y

[00123

[0013]

[9014]

[0015]

[0616]

[0017]

[0G 16]

[0019

[0020]

[0021]

{0022}

SIHSG 10-2011-0047179

program (antiapoptotic gene, proangiogenic gene, proliferative gene)°] B¥Ys+s]o] HSBSB WMScko] FH

meltpal WsWrErnst “Ss J. Clin. Invest 2008, 118(5), 1728-1738). Me}4] IL-11e] a

2p130/JAK/STAT3 2 s7} &ea| Sol] glo]A] Ase EPBloseB2Zps}a gery,

je], 2 Peehse F718 Ae PE] IL-6 Y IL-1) Ae FEMS VEAAAAS AAMAS BAe a

+, Ast PVE S4KSadA BR Sal BseheSe) IL-6 BR IL-114) Ya FEMS AMEMSIAS AAS

eae] frees Seg ada 2 alae H+Hehthe As Tapoey  wgS gsebget

 
Boubge] sus] Se AP SapSepdal, ela) SAE, HS ols} ebsptow sess AS Alsat

H aleld

@ 299] = shy] HAS a7] ast SAPS HE co) oep_ow serpod VS BWpe, Ysa aa

HS fs) olep 2 AaB FS} AVS a FeHs pelo}

 

of
ot

L
aato,

oO 1,
x all x a nc ol ro of!ot ™ Re) St4x an cll Kd= 4, cr

loS
2
f

aL o x ‘rl fa 4A cr 2, to, Jo ot DY 'o ll ai ofp ae cr ng

o

 
Ry Ra

4 Re Fe FE Cel 44, Sa FE ASS Ad, SE AS SE H)4 YWAolas VE

, HE Cut] Aa, SH BE 4helSes Aol: BE +e, HE Cuoel 44, SA HE ASH

Ac yessAe, 27) RS ool 2enye Fe ydola: BE Cis) 44, SA SE Abele Adela:

RE Pela; BRE CG, Gta, olAZ= RB, HE MaoAu, FER ERT YA shelSenaas wg

4g eu}

age] SS} 12) Shee SF wba SsSt SES Faso sp7lep We}:

1) (S)-3-(( 2S, 38)-3-Se] =SA)]-2,4-C] vy] 2ST—-4-0]]  S))-4-OJAMSALS E] -2-2 (4a),

2) (S)-8- (C28, 388)-3-se] BSA]-2,5-F ey] 2-4-4] 2 ASA}ee A )-4- OJ AEBD SAPS EH -2-2 (4b),

3) (S) 3 ((28,38) 3Es] 2 We 4 WeASereeg) 4 AVedsAsead 2 #(4c),

A) (S)-3-( (9S , 38)-3-Fe] 2SA]-2-B14] BI lap2)4-8] A&EBBSASE 2-2(Ad),

5) (S)-3-((28,38)-3-3}o] =3A]-2-7] -4-a] el alpS)4-9] ABASAPSE] -2-L (4e),

6) (S)-3-((2S ,38)-3-S}°] =§4]-2-1] B-4-F] Bl2] ap4AE SAPSel -2-2 (41),

7) (S)-3-((28, 38)-4- Yl 2-3-8} °] |HA]-2-F]24-9)9) ) 4-0] AMSA}Se]2-2(4g),
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[0023]

[062.44

[0025]

[0026]

[0027]

{9028}

{0029}

£0030}

{003 1}

{0032]

(00334
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8) (S)-3-((28, 38)-3-Ab°] & & Sy] d-3-s}0]©SA]-2-4]2ope) )-4-0]ASASze] -2-2- (4h),

9) (R)-3-(C2R, 3R)-3- 3} 9] BSA]-2-W]B-4- Wy] et}A )-4- oJ AMSALS ey -2-215),

10) (S)-4-¥1--3-(( 2S, 35)-3-3} o] BSA]-2-H]4]Sl teeS) SAPS] -2-2(7a),

11) (S) 4 Wa 3 CQR,3S) 3 so]sA) 2 We 4 Wea)SAPSey 2 H(7b), B

12) (S)-3-(( 28, 3R)-3-3°]HSa]-2-] EtepsSI) 4-0]4ESBSASz] GI-2-2(9).

 aye R4 3'

4a 2 x + s

de HOCH) ; 

 

Ag benzy|

4h 1-Cyclohexene 

  
5 "HC CH) 2 CHCCH3 2 

7a f CsA:
  
 

ol] 2} ah ald
ida sa

 rm4(Ane2otte ca

2i& ii~ti

 
% shfs] BSA, B WYS oh] Be] 22 RASS EA BAPE Et ols] epee sl] eshe Yel

ek Bele,

<S}a A} 2

AS FES ASS] Cio G2e]

 
BAe]st; RAS FA, BA Cw) AA, Say BAS Aol Ad, we aah wt ujajae wisest: RAE +

2, FE Co) JA, Sa HE ASE Ya, HE aS KL walawdoly: xe Fa, Peal, se]
Se

ESA) MSA, 2a HE MAAR Chop Bolas: VE FA ME Abe oars ZE SOLS, C02) BSA,
- a at

|
~
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{0034

[0035]

[0036]

{0037}

fo038]

[6039]

[0040]

[00413

10042]

706434

[90444

[0045]

[0046]

[0047]

[0048]

[0049}

-OCOCH; HES 4b]

we} aba} sha,

Abo] Hat BAe] 31;

1) (28,38)-1-
(13a)

2) (28,38) 1

Bole (14a),

3) (28, 38)-1-

a] ale] (14a),

4) (28,3S)-1-

5) (28,3S)-1-

(16a),

6) (28,38)-3-

7) (2R,3S)-1-

8) (2R,3S)-1-

9) (2R,3S)-1-

10) (28,38) 3

11) (28,38 )-1-

12) (2R,38)-1-

10-20 11-0047 179SASS

Bi ay)= Pe EE oF aeeyey.

JfRise)2S4]42 Br BE-YeudWeeSslSe]ats Ret Cs] 4A, SA He
an . os : . —~ 2] : ' . on =L s+

Re Teed; Re te BEC. 24, SA Be Abels Adely; Xe ra, Ge

so]-34), WSAl, 49h HE Ba|shd Adela; Ye Fa SE Heelys; ZE se] =H), Cr52] AH

a

oo9ai4r nut. Ga 2 at
(%

ia Jo = & att Ps ait fenae cslt Lo, {nt ahi=%= att*= att
7

amiHro

(3 (2 CAE Faryadesapqedet 1d) 2qea4 Wed 1 $4432

(3-(2-Ce]7ACY ay} a A&A] ol )-1-91-1-21 2-4]4-2-1-et-3-F1 OF

(3-(2-S}°] ==A] ol] B])-1H-eS-1-)-2-M] 2-4-M] SB l-1-SAet-3-2 OfHeo] B15b).

(3-(2-(E]P-L] HPSAS] ) OL)1-1-9) )-3-fo] ©A]2pamgat1-

Bho] SSAI-1-(3-(2-Sf 0°] =SA] ol] Bl )-1H-9) S-1-F )-2-O] EL-4- Oy] ale-1-2(16b),

(3-(2-(e) BEC WeeS))eS-1-S 2-1)-4ed3-2(17a),

(3-(2-( B--C] ] @ 41& 4] )o] 2 )-1H- 91 S-1-2))-2-W]4Be3-184),

(3-(2-6}°] =SA) ol] 2 )-1H- 91 S-1-2 )-2-Y] S-4-W]24-3-218b),

oESA 1 (3 (2 sel Esalqeelse 1 2) 2 Wea 4 meas. 1 #(13b),

(3-(2-8}°] SA] of] B) elB1-1- Sh )-2-4] BA] BL1-23-A OPEN OIE(1b)

(3-(2-S}e] ==A] ol] BL) eS-1-S )-2-a el -4- ay] Blad-3-217).

 

 

 

 

   
abe
18a H2)2-OTBS

14a In) OTBS

15a ‘He, 2-OTBS

15b H»)2-OH

16a Hy )y-OTBS

16b Ho)-OH

17a In) OTBS

18a (CH2)2-OTBS

18b ( CH») 2-OH

13b

14b

17b 

# go] a2] 29] MEA PLS Jegoe seyse wa
. 1 me

Sa} AAS BE

Que ASE + gow, sae wy

aa, Paps wl guleheo) ehcp. Fe}BANSTt
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ai BA Bee] FRAP. Heews FA HS aS F OM, Hews ga, w

aa, a, da SS aed oe, fees fad, as, aa, Fa, Emped, wea, eel

24, $44, HJS-emoiea, wee, wdsed, welela, wad, Seed, Seley,

SA, SSeS, NRE, AUERWISEA, PSSA0-SEt, 4EPISEA, BHTS

ab, UMAL, SRE, ofAwSeEsh SS ahead 4 aleh

 

 
 
 

[0050] <ab-} [>

ae ‘(MeSNAHEL,2PRAOASReco ° where

[005i

{6082} <Uk-2 Al o>

L 5

J aT

ad

de (R=Cabhe) de

2f RCs)

2g (R=Bo} Ag (R=Br)
[0053]

_ 9 _
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[0054]

[0055]

[90565]

[0057]

{CO38]

[0059]

{0060}

[00613

[9062]

(0063

are

 “CHO

3b (R-0]24)a) Sd

 
>

A

 

 

Bu,BIT FHPEA

CHCl. sFS

f-BdyBOTs DIREA

@BUROTE DIPEA

WOHHS 

THEHSCHa)

SIHSG 10-2011-0047179

 

CHK, TOMS  
a © OH & G6 6H 

N
ef es | +oy awr,eS aa “oeoe°

 
Hale7B SG

 
10d.

-10-
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(0064) <Hhe-Al g>

ll ak ind, THESE *
Nagyo oesN CHCl

[0065]

(0066) <HE-SAL g>

SP og oH

» HATUDIPEA, Kae pe

12 FOL PTSAiedH

ActiPyridine
OOM

PD *
— Zé & Das

Peagzens Ae g
>ee

TARbon’2PTSAINGOH
[0067]

[0068]

IPTSaahbeOH

[0069]

[0070] al7| ZF abs HHS ME uso] tee $2] ASE BSe4el Fale] WE, AS BY Fetety, Aa

Ast So] Ugo] sa] Rey RP aa = aed.

foe71y uy} eo} ofo] ASBS2,-Sz} WA Ss) SA 1p DSA SSMS] 2S BANBol eh Bg st

u al] x a FP Oo

-11-
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[0072] B sys} Behe, BMY S ae) SP] 1 BE SP! 19] SYS BE ojo} ospaow saree ae

VUES, USI AP EE Be] AY WARS Hp age] We Boy}.

[0073] Bo uwo) ube ge}H22 IL-6 SE IL-11 4 sla
1 .

[00744 a7] BSR AAS FapeA ada,

%

ioh ol oft
y

nkfy
iN

_>oN be re. Je id iy{r

a> ‘™, anh af fs om oualy So oN reKA 48ft 40 ao om, a 0% ey u2
4cJa reon aL rm ot

0 =oft ieJ tl ot ay on nf & a Ieg
}

oN1 oyon tlleof
of Erof ye 12 IR. of!ot Ss ~

ra meKok ach Oltai
ay
i

oO

reli coeth& tT = ad ofabAe iz,“Uonyftrycle& off dla:
=

wea 22, iN
atof xz. a3 9o,of. aton oh 4

°O, of NHAEoboes 72
2

we* ayot ne7ox,qt7 fora)
2

ofo finbeg=,

ac =ola ‘Acr Dwan = SS, = 44 lr bd

[9075] Bowge) pages, AYE SF SP] aetel g7] HWS 0.0001 Al 10 Seow. wysebae
1

[0076] = SAPSPPE SP) 13} ISA PES) Bop] OS FG SYS pps sw

7a © St al 1Sal, Bal Dal

[8077]

[0078] weYol uk Aesop A spebsel Sep] 1a} sa) sesel sep) os weope ayee, yp sy

Ho] ue} Akal, shal, Aal, Weal, Bel, ojsa, ayy

Boe SAS) SS aVspepo ASA | A. HS

Gal 2 4G YEA, YARRA, PARA, Sue

AAloh att, ek4julele, Mepel, tee xtT
SIZE, Se

TZ & 2 tt
fal of

0
ob 4) 4

ay
| oh ef \r

od
f

x me, i &itd et {» au ny
 

\} ss 2 ‘tt Nths
»
i2mp >»©thmy

oh
|

4; &th & SS qt agky att Lt & ty {> x 2#BA, Buy ygee, &, we@ens

BY BEE SF oleh adalat za

aaa] S59) Aa) GS Ve aS vee

& t| fofft Le op|otarira oft ty Py of of= r & ryHoa ofta ob x-

o] Zajgcy. Ae= °

Al, eal eo) Betsy, oe V8 alAle 7] +See
Ee

&
ug cr te

~ “a

BeAooft} ol4te] Haz] Ya S

(calcium carbonate), -#lEBA(s ) Be FESA(lactose), Bee SS

| aAAletct. Se Bees YBa] ole[e] eRe Aelaeole, 4a ce #245 seat}. 278 FF

U4 AAS AFA, USA, wal, A184) So] Ase Fo] Se] ARES Meese =, A= FH

V1 ojsjo] Fe] 74 Jal, JS SY Gaal, Hela), teal, BEA Go 2

Ae AANES Sus FSH, Hegel, Atal, wal, Sade l, S247} 2H. Heys,

AS -BWease]= (propylene glycol), 22a Sy2, 27yu ods ge 4SL4 715, Wae2e¢]

Est 22 FAR thse MAUS Sel AAS - Att. Sale] VARS AWSwitepsol),HRS. RG

(tween) 61, 742.4], @-P2l2), Se -leaqeea So] 42S = gc.

a

a}
9,

aay = ou, 4 —n ro2
wa
m ~~

ro![0079] Bg] Sheela SPE) Shh] lop ela) sebuel Seb] 29] ws a Foe ape) apg w

AS, AVY Qe, PVH, Royse Woe) ubeh cee ala, Gelse] oe Aadeba Aad 4 gee. 7

Uy, MSA] Sa} May, BBS] FSS TS SES 121 0.0001 14) 100 mg/keese, MAE

0.001 WI}100 mg/kgeit FSH Be] Sr. HOE see] HA Fos FE slat, Fal usp] Ford +

He Wry.

a

foo8} Qt, Bebe] chop Agee a, VA, vee, Cb SS] SHES eet BRM Helsl 4 aleh. Fefel
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foos1]

[0082]

[00834

(00844

(0085)

[90865]
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BE WIS date + ged, AS 24, as, At SBE Ba, SS, Hs, AAU A} BS yaa

(intracerebroventricular) Ale 2a] FAS + gr

 
ol tA, ADS vps} Zo], B wye IL-6 BW IL-1) Ja Fee asa AagaAS wat

| SASHA i se} 29] heal spehe Beoe] He Aoe BBC FA,Ba a $1, HG eS Eo

she APB] WS low, FopA alg, Shes, Sde BS, Zvie] Gee as, Wa, ag,

cd, S34] ge, wasade, qvyd ays, emge, wa dae. aes, Vamped opm

A vPRY, dalg SWS. SEY. Add, UA, dad Ses HHS, GaN wy dmspolmg weeps

ao aa, ada aad, 0d, AWad, MEd, FORGE, SAE, HFS, Sas, wey,

d=s, de, de, age, So, aed, dae, ade, Aue, ade, pepe, agel

Uses, aeubehe, eaves, des, Satoh, SAB, seh, ae, uals, aad

H, AQIS 2 SANASS SMe to] ay 2 ang oesor Heep abed + ach

 
aeAl S3e0¢) lepG2 AMolA IL 6H FMAFAA= 18 ofA2Ses-SedA Sahel

B22 B wae] WS S4 ade BAFE ofJAVEBSASAA Bee] llepG2 AMAA IL 12z FH

SEAS lucilcrascl] 2S AAqAays ceed “elc}.

B32 2 Bo] WS Fes dd RASS ChoaEySAeeeyyAl Soho] HepG2 ale} IL-6 are

STATS @l4kst *}eq Bg Uyep Melt.

S45 2 Wo] ws Bey 4d HAISS ofA VM BASASe] aA Shehero] U266 ANA IL-6 HN

JAK2 2+ gp130 24S} 42] 2S Ue melr.

SoS HB Wyo] mS Sh} dd BANA oo aAVESSASE] A See) STSL1 Aol] eel Ht

of Ce] LA) UA] 22 (adipogenesis)S ase IL-6 SS BBs BIS cepa Solr.

Het

 
ola}, & WTS) lS S7) Mae] Me ANAS aM}. wep} se] Ade # Byes wy a

Al clalet7] sho] AleSe AA we, Balede) sje EB MBs] Use] Ase AS obey.

Sala: se}4 15} 2B HASSE Bes] W9

<AlA] oy 1>

- iisWH HSL, S7%HCHO a

i 8

“Tb CREE“TCH, 2b CACERCE 
 

 
dg (R=BeY
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3-H] a-2-W] Bayests} A]Ae(2b)

Ib oso] 42 He2z) Sc] so]= (500 mg, 58mmol, leq)e] MVAc sole 7284 (0.434m1, 58 mmol, leq, 37%)=}

ome ofgspoJEeBesecpole BAS (440mg, 50mmol, 0.93 eq) S/o 7OCEH484) 2b Dak SeQcp-. Bbo]

2A AS TCHHlaAr. BE See] 2b7} & Hele Ho BS Az] ¥nee* Al AlZ #,CopaS Ase T71SSBese. H7SS Fr Brass = WA] 7] a1
aS 2

Ca AAS Ss 2b (44 62%) S AA. AUS 44] Su we se wea awalAry.

;ofAl Fe

“H-NMR (CDCl;, 500 MHz) 6 9.52 (1H, s, -CHO), 6.23 (1H, s, -C-CHaHB), 5.94 (1H, s. -C=CHuaHB), 2.78

(1H, m, —-CHCCH3)2), 1.07 (6H, d, J = 6.8Hz, —CHCCH3)2)

2-2AMP) a] A(2c)

Q7)9] SUB WYS ApHolo} webs} pes) 2c (44 628) E Udy.

“H-NMR (CDCl3, 500 MHz) 6& 9.53 (1H, s, -CHO), 6.24 (1H, s, -C=CHaHB), 5.98 (1H, s, -C=CHuaHB), 2.23

(2H, t, J = 7.3 Hz, ~-CHZCH,CHOCH3), 1.35-1.30 (4H, m, —CH2CH,CH,CH;), 0.90 (SH, t, J = 7.3Hz,

CIIeCH2CIleCHs )

2-WS Heepte] AlA(2d)

A729] “EASA BS ALR seo] metal aeae) 244-624)S Beir}.

‘H-NMR (CDCL3, 500 MHz) 6 9.52 (1H, s, -CHO), 6.23 (IH, s, -C=CHaH®), 5.97C1H, s, -C=CHaHB), 2.21
(2H, Ll, J = 7.8Hz, -CH»CHCH.CHCH;), 1.31-1.25 (6H, m, —CHCHCH-CH»CH;), 0.87 (SH, t, J = 6.8Hz,

~CH>CH»CH,CH>CHs)

Wedseste) AlAz(2e)

YS SUE WHS AS] Sell pales) 20(65H)S WMA.

“H-NMR (CDC13, 500 MHz) 6 9.52 (1H, s, —CHO), 6.23 (1H, s, -C=CHaHB), 5.97 (1H, s, -C=CHaHB), 2.21
(2H, t, J = 7.8Hz, —CH,CH2CH,CH,CH2CH3), 1.31-1.25 C8H, m, —CHgCHzCH2CH2CH2CH3), 0.87 (SH, t, J = 6.8Hz,

CIIeCHCIeCH2CH2CH;)

ow)asUS2] AIA(2L)

27\2| EAM WS ALS ape] webs} oyajees} 2e(44-620) HB WRF.

“H-NMR (CDC13, 500 MHz) 6 9.53 (1H, s, -CHO), 6.24 (1H, s, -C=CHaHB), 5.98 (1H, s, -C=CHaHB), 2.22
(2H, lt, J = 7.8 Hz, —CH2(CH2),CH»CH3), 1.43 (2H, m, —CH2(CH2)4CH-CH3), 1.18-1.30 (8H, m, —CH2(CH2)sCH2CHs),

0.87 (3H, t, J = 6.8Hz, —CH,(CH»).CH-CH3).

2-¥do}AaAT spe] H(2g)

A] SUE WHS ASepe] LA aE) Og (GVH) WR.
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"H-NMR (CDCL3, 500 MHz) 6 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,).

<AlA]e] 2>

3

 
(S)-3-((2S, 3S)-3-3}°]=SA]-2,4-U] oe] 2AE-4-l4)-4-°BSBOBSASe D-2-29] AlAC4a)

yo)BBE (1.1 ml)Sata), (R)-(+)4-o/°) A2BS-3-S SNS-2-SA-Sr]e Ba (100 mg, 0.541

mmol, led& BATRA WS AZ +H, IM celeHee] BASUA Qo olyRUS EPSeeqs

fu] y]o] (596, 0.596 mmo) s+ tho]ofo] A=BZ] B0441(90.6, 0.650mmol, 1.2eq)S ARS) A/spoy ZO B

SoA] 50“Ek NSAcH. BLY] Zz) ~ ZYSS BS 78C4 1OR -ECk U2A]Z HF, olSszans
~~

(0.70 ml)o] SA) zl MBoha Rul 2a (59.0, 0.704 mmol) S Sst 78CoH7 304% Bek DaksegAerp. a ce,

TA] 287A WY AZ AE 1A) 2b a ©, o 7.0 M2ol=E (1.2 ml), MES (1.1 ml), 30%wtoh am 2

sels R alsss.S4-640,6 m1), MERA mide Aa oe ao ws

oJ} 1A)2b e] SRA) FF olsupebap z

Sep] S PQom HE H, BE Bey RAIS,

PAE (18 % Mahoope}=asaq] LAS Best AA] wy IyLsd da (G8ng,

A906) AAP.

 N;

"H-NMR <CDCl3, 500 MHz) 6& 5.12 (1H, s, -C=CHaHB), 4.97 (1H, s, -C=CHaHB), 4.48 (1H, m, -OCHaHB

CIN), 4.40 C1, brs, CHQOID), 4.30 CUI, dd, / = 17.1, 8.3 lz, OCIaHBCIN), 4.22 CUI, dd, / = 9.3,

2.9 Hz, -OCHaHBCHN), 3.97 (1H, da, J = 7.3, 2.9 Hz, -CH(CH3)CHCOH)-), 3.11 (1H, brs, J = 2.4 Hz,

-OH), 2.39-2.32 (1H, m, —CH(CH;)2), 1.72 (s, 3H, -C(=CH)CH;). 1.18 (3H, d, / = 6.8Hz, —CHCCH;)CH(OH)-),

0.92 (3H, d, J = 6.8Hz, -CHCCH3)2), 0.89 (3H, d, J = 6.8Hz, —CHCCH3)2).

(S)-3-((28, 38)-3-8}e] 2S)-2,5-U]  d-4-w}aMAP.)-4-o]AMBUSASBYA2-L9] AAD)

a7] SIE WHS Sao] My HAVA) db C4) GAA.

“H-NMR CCDC13, 500 MHz) 6& 5.19 (1H, s, -C=CHaHB), 5.04 (1H, s, -C=CHaHB), 4.48 (1H, m, -OCHaH,

CHN), 4.46 (1H, brs, -CHCOH)), 4.30 (1H, dd, 7 = 17.1, 8.3 Hz, -OCHaHgCHN), 4.22 (1H, dd, J = 9.2,

2.9 Ilz, OCILallgCHN), 3.96 CII, da, / = 6.8, 2.9 IIz, CHCCIg)ICUCOID 3, 3.08 CIM, brs, ON), 2.38 2.32
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fot14y

fO115]

[0116]

fowi7y

[0118]

[01193

{0120}

[0121]

{0122}

{01234
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(1H, m, —-CH(CH3)2), 2.18-2.13 (1H, m, —-C(=CH)CH(CHs)2), 1.19 (3H, d, J = 6.8Hz, -CH(CH;)CHCOH)-), 1.09

(3H, d, / = 6.3 Hz, -CC=CH)CHCCH3)2), 1.05 (3H, d, 7 = 6.8Hz, -CC=CH)CHCCHg)2), 0.93 (3H, d, J = 6.8Hz,

CIICCHs)2), 0.89 (3, d, J = 7.3llz,  CIICCHs)2).

(S)-3-((2S, 38)-3-3}°]=S$4]-2-F] B-4-4]aSEpI )-4-OJ HEBYSASE] g-2-29] AA(4c)

a7|2] EQS BRS 4} Sseo] meta AasAs] 4c EWS Yart.

‘H-NMR (CDC1;, 500 MHz) 6 5.16 (1H, s, -C=CHaH®), 4.97 (1H, s, -C=CHaH,), 4.46 (1H, m, -OCHadlg

CIN), 4.41 (Il, brs, CHCOID), 4.28 (1, dd, J = 17.6, 9.2 Iz, OCI aHgCIIN), 4.22 (ill, dd, J = 9.3,

2.9 Hz, -OCHaHgCHN), 3.95 (1H, da, ¥ = 6.8, 2.9 Hz, —CH(CH3)CHCOH)-), 3.18 (1H, brs, -OH), 2.38-2.33

(1H, m, -CH(CH:),), 1.98 (2H, m, -C(=CH)CHLCH.CH.CH:), 1.46-1.40 (2H, m, —C(=CH)CHJCHCHLCH,), 1.35-1.23

(2H, m, -C(=CH)CHCH,CH,CH;), 1.17 (3H, d, J = 6.8Hz, -CH(CH3)CHCOH)-), 0.91 (3H, d, J = 6.8Hz,

-CH(CH:)2), 0.87 (3H, d, J = 7.3Hz, —-CHCCHs),), 0.86 (3H, d, J = 7.3Hz, -CH(CHs).), 0.85 (3H, t, J =

5.6Hz, —C(=CH)CH2CH:CH»CHs) .

(S)-3-((2S, 3S)-3-8fe]=Sa)-2-y] B-4-v] eoA))-4-C]J ABMSBSASz] -2-29] alA(4d)

7)e] SAWES ASS] asl efaeAaey] dd (81%)S WArp.

“H-NMR (CDC1;, 500 MHz 6 5.18 (1H, s, -C=CHaHB), 4.99 (1H. s, -C=CHaHB), 4.50-4.47 (1H, m, -OCHad

BCHN), 4.42 (1H, brs, -CHCOH)), 4.28 IH, dd, 7 = 17.4, 9.0 Hz, -OCHaHBCHN), 4.22 CH, dd, J = 9.3,

2.9 Hz, -OCHaH,CHN), 3.95 (1H, dq, J = 7.3, 2.9 Hz, -CH(CH,)CH(OH)-), 3.15 (1H, brs, -OH), 2.39-2.33

(1H, m, -CH(CHs)y), 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,CHs),

1.34-1.28 (4H, m, —C(=CH)CH,CH,CH.CHCH;), 1.18 (3H, d, J = 7.3Hz, -CH(CH,)CH(OH)-), 0.93 (3H, d, J =

7.1 Hz, -CH(CHs)2), 0.88 (3H, d, J = 7.1 Hz, -CH(CHs)2), 0.88 (3H, t, J = 5.4 Hz,

—C(=CH ) CH,CH2CH2CH2CHs) .

(S)-3-((2S, 3S)-3-3}¢] =S]-2-] G-4-F] 2 aldpeA )-4-9] ABBYSAPSE-2-29] Al A(4e)

At7)2] yeleh US Apes;e] Leal elaleze] de (874)S GAr).

“H-NMR (CDC1;, 500 MHz) 6 5.18 (1H, s, -C-CHaH®), 4.99 (IH, s, -C=CHaH®), 4.50-4.47 (1H, m, -OCHa

HBCHN), 4.42 (1H, brs, -CHCOH)), 4.28 CH, dd, J = 17.4, 9.0 Hz, -OCHaH®CHN), 4.22 CH, dd, J =

9.3, 2.9 Hz, -OCHaHp,CHN), 3.95 (1H, da, J = 7.3, 2.9 Hz, -CH(CH,)CH(OH)-), 3.15 (1H, brs, —-OH), 2.39-

2.33 (1H, m, —CHC(CHs).), 2.04-1.90 (2H, m,  -C(=CH)CH,CH,CH.CH,CH,CH;), 1.49-1.43 (2H, m,

—C(=CH)CH»CH-CHCH»CH,CH;), 1.34-1.28 (6H, m, ~-C(=CH)CH.CH.CH,CH,CHCH;), 1.18 (3H, d, J = 7.3Hz,

~CHCCH3)CH(OH)-), 0.93 (3H, d, J = 7.1 Hz, —CHCCH3)2), 0.88 (SH, d, J = 7.1 Hz, —CHCCH3)2), 0.88 (3H, t,

J=5.4 Hz, —C(=CH)CHsCH»CHoCH2CH2CHs) -

($)-3-((28, 38)-3-8}6] =§]-2-0] 2-4-4] aaS7A)-4-oJ ABSUSAPSAG-2-29] WAAL)

a7)] SIA WHS Salo] My IVI) at 4)s GAA.

-16-

Ex. 2001 - Page99



Ex. 2001 - Page100

{0124}

[0125}

[6126]

[0127]

{0128}

10129}

{6130}

jo1sy

SIHSG 10-2011-0047179

“H-NMR (CDCl3, 400 MHz) 6 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), 4.28 (1H, dd. J = 9.1,

3.1 Hz, -OCHaHgCHN), 3.95 (1H, dq, J = 7.1, 2.8 Hz, —CHCCH;)CHCOH)-), 3.12 (1H, brs, -OH), 2.37-2.33

(1H, m, —-CHCCH3)2), 1.95 (2H, m, —-CC=CH)CH2(CH2)5CH3), 1.19-1.26 (10H, m, —C(=CH)CH2(CH2)sCH3), 1.18 (3H,

d, J = 7.1 Iz, CICCH;)CICON) ), 0.93 (3H, d, J = 7.0 Iz, CICCH3),), 0.89 (3, d, J = 6.72 Iz,

—-CHCCH3)2), 0.86 (SH, t, / = 5.8 Hz, —CC=CH)CH2(CH2)5CHs) .

(S)-3-((2S, 38 )-4-¥l41-3-6}o] =Sa]-2-1] BWE-4-o] & SF) )-4-oJ AZBUSASE] -2-29] AA(4g)

7) 2] SUS WHS 4+Rofo] wet AAS) 4g 72K)S AArh.

'H-NMR (CDCl3, 500 MHz) : 6 7.28 ( 5H, m, Ar-H), 5.33 (1H, s, -C=CHaH,), 4.98 (IH, s, -C=CHady),

4.42-4.41 (1H, m, -OCHaH,gCHN), 4.39 (1H, d, A3.3Hz, -CH(OH)), 4.25 (IH, dd, /©9.0,8.3Hz, -OCH aH,

CHN), 4.19 (1H,dd, J=9.0,3.2Hz,-OCH aHpCHN), 4.01 (3H, dq, J=7.1,3.0Hz, —CH(CHs3)CH(OH)-), 3.44 (1H, 4,

J=15.4Hz, -C(=CH)CHaHpPh), 3.30 (1H, d, J©15.4Hz, -C(=CH)CHaHpPh), 3.14 (1H, brs, -OH) ,2.35-2.29

(1H, m, —CH(CHs)2), 1.22 (SH. d, J©7.1Hz. -CHCCH;)CH(OH)-), 0.91(3H, d, J&7.1Hz,-CHCCHs)2), 0.87 (3H, d,

J=6.8Hz, -CH(CH3),).

<AlA] a] 3>

o Se

oe i ee CHS s-Bu,OTE DIPEASy Cr CHCl782
3a Bh 4h

 

HySeeme (1.5 ma saz, (R-C)4-eh2] AZEY-3-EES-2-SA Be] i= Ba (100 mg, 0.541
mmol, Lea Gerold Ye All %, IM fosHBare SAU BoFURS Be SBRMe

“ABYC (596 , 0.596 mmo) 2 Telefe] A=BB] Aopy) (90.6 , 0.650 mmol, 1.2 eq) & BRS) 47s} O}

Ce LMA] SO SAk sAgkopsarp. wylalal eS Behe Bet 78C WA] lowe “Eel W4AlAl F, cols

BEV (0.70 mio] SAA) 1}o] SSSA FARA SPO] = Ah (92.25, 0.81 mmol)S Bet 73°Co A) 30H

Set wWekoegey. 7 Ue, EA) Aa-reol4) Wd Alal # Ala “eek weakest -, pH 7.0 S*so]E (1.2

mi), WS 1.1 md), 30%wt FUERAWMS4]HF-S4 (0.6 ml), WAS. mS Ae se Az7pspo} Yes

= alae. oA) Peeeel] Alek oatebay) - ce]ents} SS Yo] telebol, +7eS E

SA. els HSS 2APBZHUO=E pelo Hose #, For Btls ASAZID, SHA

tr}. G4) 4A-S ey}a Av aespeays (18 % nAt:SohielelE)eo] SAS Mels}a. AAA

weal Mae4 4h (22.3 me 14.8 HS Wer}.

"H-NMR (CDCl3, 500 MHz) 6 5.81 (1H, t, J = 3. 4 Hz ,Cyclo = (CH2)), 4.50-4.47 (1H, m, -OCHaH®CHN),

4.42 (1H, brs, —CHCOH)), 4.28 (1H, dd, J = 17.4, 9.0 Hz, -OCHaHBCHN), 4.22 (1H. dd, J = 9.3, 2.9 Hz,

-OCH aHgCHN). 3.95 (1H, da, J = 7.3, 2.9 Hz, —-CH(CHs3)CHCOH)-), 2.93 (1H, brs, -OH), 2.40-2.33 (1H, m,

CH(CII3),), 2.07 2.05 (2II, m, Cyclo(CHs)), 1.927 (21, t, J = 17.60 Iz, Cyclo(CH,)), 1.67 1.55 (4Il, m,

—Cyclo(CH,CH,), 1.18 (3H, d, / = 7.3 Hz, —CHCCHs)CH(OH)-), 0.93 (SH, d, J = 7.1 Hz, —CH(CH3)2), 0.88
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(3H, d, J = 7.1 Hz, —CHCCH3)2).

{G132] <4lAlo] 4>

Jk o & 8 CHae Wy + rnin baBOREDIPEA Ceo
tei /

Bb. (R-9).4aa) 2a 5
70133]

[0134] HSBRMNS (2.0 moll BayA)zZl, (R)-(-)4-¢f°] +2BS-3-2BU S-2-SA-Sc4 = 3b (100 mg, 0.541

mmol, led& QATRAT 8S AZ FH, IM ce]Seer] Basgo eyes EPSeeqs

AACE (596 , 0.596 mmo) 2 cthelofo] 2 = BzZajelobe!l (90.6 , 0.650 mmol, 1.2 eq) & AHS] Ay’psto}

Ze 2A 508 Sek Dubs] gir]. awl alZl WS SPSS Bes} 7BCAHA 10k Sek W4AlZ #, rol]

FEA(0.70 mi je] BAZ) 2aM Ss2a (68.14 , 1.07 mmol) S Bot 78CAHA] 20 Fk Tks}.

oe, FA) CorsoWY ala) & lz Sek atest -, pll 7.0 M2zwWeol= (0.1 ml), MRS (0.2

LS abela7bsko] 8S AzlAlzicp. ch

 

aoe "|

>

al), 30%wl stoleAlySo]=-2e(0.2 ml), AWS0.2 m
A) B24] 14/25 Fae) Fe oSeeuSS wo] Beso, H7SS Besar}. Bed

NSS DPBS PRA Hoe —H—, Bp Bebeaeew :

aca AGSereys) 15 & n AA ofope)so] BAS Be]sp

(146.3 mg 87.2 HS Garp.

{O12 “H-NMR (CDC1;, 500 MHz) 6 5.18 (1H, s, -C>CHaH®), 4.99 (1H, s, -C=CHaHB), 4.50-4.47 (1H, m, -OCHaw ei Fah)

IIG CIN), 4.42 C1II, brs, CHCOID), 4.28C1I, dd, J = 17.4,9.0 Iz, OCIaH@CIIN), 4.22 (1, dd, J = 9.3,

2.9 Hz, -OCHaH,CHN), 3.95 (1H. dq, J = 7.3, 2.9 Hz, —CHCCH;)CHCOH)-), 3.15 (1H, brs, -OH), 2.39-2.33

(1H, m, —CH(CHs),), 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)CH2CHCH,CH.CH;), 1.18 (3H, d, J = 7.3Hz, —CHCCH;)CHCOH)-), 0.93 (3H, d, J =

7.1Hz, —CHCCH3)2), 0.88 (3H, d, #©7.1Hz,—-CHCCH3)2), 0.88 (3H, t, 7 = 5.4 Hz, —CC=CH)CH2CH2CH2CH2CHs) .

[0136] <Ala]el] 5>

2 6 e 9 oH
alk . Pgtee! aake,-assoyeeSt = * fg: |

‘ ‘
i PH PH

 
Bs,Ss

(0137) 6 7a.1D th
[0138] HyoSR2H248 (1.5 mle] Bay 421, (R)-4-Wa-3-SByoSA}Ge]El-2-L2 6 (100 mg, 0.43 mmol, 1 e

Os SereWa aly) #, IM rye] Setemete] Salso]2] Yo tol PURE CASLEME Ayo]

= (515 , 0.51 mmol) 2} veoloho]A=BBAo]eo}el (104 , 0.60 mmol, 1.4 “w & Awe] 47} Fo] Ge LSSe] 500 “SE Sk SLYRS}AU, alAZ WES SSS SMe} 78C4] 10 “Sk WAZA] 71 #, cpe]| Seere
(0.70 ml)el] SB ayAlzZ) 2-M el wlsl eb 2d (68.14 , 1.07 mmol) Ast 78 coy, 308 Se aebssce. 2 cps
YA) Sepa YY Ay Alek eek Suk} *, oll 7.0 TARE (O.1 ml), MES (0.2 m1), 30%wt

spoleSs]SAolEFs (0.2 ml), MAS (0.2 m1 )& AMAAbeBesa aelalzlep. cpl Bas

 Za) WAR e] AMAL F ro|seenes] we Yo} Veysoy, Q7se velsiely. vals arise &

FERU|S FRIOR RIS FH, FS Mbrpgow CHVT, SSA. Sold wee Ae
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Agaarpeys (18 % n AA ol eopelo=)so] BAS Helo ARANA mary Haas 7a (105mg,

68%) S Gar}.

[0139] “H-NMR (CDCLs, 500 MHz) 6 7.36-7.33 (2H, m, Ar-H), 7.30-7.27 (1H, m, Ar-H), 7.22-7.21 (2H, m, Ar-H),

5.19 (il, s, CeCHallg), 5.00 (1, s, CHCllaHs), 4.74 4.69 (10, m, OCHalIgCIIN), 4.45 (Il, brs,

-CH(OH)), 4.23 (2H, m, PhCH-), 3.96 (1H, dd, / = 10.2, 3.4 Hz, -OCHaHpCHN), 3.27 (1H, dd, / = 18.2,

3.4 Hz, -OCHaH,CHN), 3.01 (1H, brs, -OH), 2.81 (1H, dd, J = 13.2, 9.2 Hz, -CH(CH;)CH(OH)-), 2.00

(2H, om,  —-C(=CH)CHL(CH,).CHCHs), 1.48 (2H, m,  ~-C(=CH)CH,(CH,).CHCH;), 1.32 (4H, om,

-C(=CH)CH»(CH),CHoCH;), 1.20 (SH, d, J = 6.8 Hz. -CHCCH,)CHCOH)-), 0.90 (3H, t, J = 6.8Hz,

~C(=CH)CH2(CHy) 2CHCH3)

{0140} Aaae AS de}2aesey e2qW18 $n Ato eopladeo|E)y 7as Ge FH, 12 %

n-SWAb: ol] BofA ele)7b (2img, 14H) Aelep.

[0141] ‘TIL NMR (CDCLs, 500 Mz) : 67.36 7.33 (2I1, m, Ar HD, 7.30 7.27 C1, m, Ar WD, 7.22 7.21 (2I, m, Ar WD,

5.19 (1H, s, -C=CHaHp), 5.00 (1H, s, -C=CHaHs), 4.74-4.69 (1H, m, -OCHaH,CHN), 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, 13.2, 9.8 Hz, -CH(CH3)CH(OH)-), 2.00

(2H, om,  -C(=CH)CH)(CH2),CH,CH3), «1.48=(2H, ~—om,=-CC=CH)CH2(CH,)2CH2CH3),=«11.82 CAH,~—sm,

CC=CIDCIHs( CH) 0CILCls), 1.20 (3H, d, J = 6.8 Iz,  CICCHS)CICOI) ), 0.90 (3, t, J = 6.8 Ilz,

—C(=CH)CHs(CHe) 9CHCH3) «

  
 

 

[01423 <All ol, &

a a

—— GHGs,72

Ba & 5

BURL = hha 9 {R1=CSH13)
[0143]

(01443 Yyoseeqe (1.5 ml)BayAlzZl, (S)-(4)4--/o]A@ 2Y-3-~ENS-2-wsej3a (100 mg, 0.541
mmol, 1 e()& G2QYaalzZl ze, iM e]SseBenete] BADIA ge Gelygus HEqs=eeqe

Aujylo}E (596 , 0.596 mmol)s} Y}-o]ofo| 4.BB] elope (90.6 , 0.650 mmol, 1.2eq) & 21s] A7}SeF

Be Se, 50“eek wyrstsicp. alr alZl wee Bees Ses 78° C aAl low “Sek WA]

2am (0.70 mia Safa[zl Aebet 8 (92.25 | 0.81 mmol )S Sst 78Ca77 30% Fel Tt

2 yal BkeRewg az) *& 1ajzk Sek wat st *, 37.0 SARE (1.2 ml), WES

somal atoll ASAFHA (0.6 mL), AALS C1 dS alae are) Ws

AGFAWA GY SEAF oleSeapeSS vel Reso}, GSS Belstae. Bey
Sa

a

HERS SRelee WIS F, FF QApsulgos devia, Pea, gol hes a

 

Bye Aae4etay 18 & nBMA eoviellejeo Sate Leda Aas|]47, wa aed 9

(22.3 mg, 14.863 @elr}.

{C145} "H-NMR (CDCI3, 500 MHz) : & 5.54 (1H, t, J = 7.3 Hz, —-CHCCH;)CHCOH), 4.48 - 4.41 (1H, m, -OCHaHg
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CHN), 4.39 (1H, brs, -CHCOH)), 4.28 (1H, dd, J = 17.6, 9.3 Hz, -OCHaHgCHN), 4.23 (1H, dd, J = 7.8,

2.9Hz, -OCHaHgCHN), 3.94 (1H, da, J = 6.8, 2.9 Hz, -CH(CHs)CHCOH)-), 2.38 - 2.33 (1H, m, —CHCCH3)2),

2.10 2.01 (3Il, m, CHallgCH,(CI,)sCIls}, 1.82 1.76 (1, m, CIfaHgCl(Cly)3Cls), 1.37 1.27 COIL, m,

—CH a Hg CH2(CH2)3CH3), 1.17 (SH, d, / = 7.3Hz, —CHCCH3}CHCOH)-), 0.92 (SH, d, / = 6.8 Hz, —CHCCH3)2),

0.90 (3H, d, J = 7.3 Hz, -CH(CH3).), 0.87 (3H, t, J = 5.8 Hz, -CHaH,CH,(CH,)sCHy) .

[0146] <AlA] ol] 7>

HOH:S  THEAOy 
fO147] ved

[0148] (2S, 38)-3-3}9°] =Sa]-2-] B]-4-W]Bap] OfAES] A_A(10d)

[0149] ALA] a] 20144 4281 (S)-3-((28,, 38)-3-S}O] HS A]-2-F] Bh -4- GY] Bl Setp S )-4-0] 4 SE BDSALSE] -2-L 4d

948 mg, 3.05 mmol) = WMEtso]earet : & (27 ml : 27 mle) Seo] BaPlzia, ALA) aeaqes

Ako] (256 mg, 6.10 mmol) Bbotsicp, ab] Aq 12a] xar

EQILERLS AID oll 72) SEPIA F WSSB] o] opal

leh. Bee HSS APS HEpo]S Golo wR Bo}
a2h

Slojal ale2t 10d (617 mg, 106.1 HS ye OS

(01503 “H-NMR (CDCL;, 500 MHz) : 6 5.10 (1H, s, -C=CHaHB), 4.99 (1H, s, -C=CHaHB), 4.52 (IH. d, J = 3.4

Hz, -CH(CH;)CH-OH), 2.71 (1H, m, -CH(CH3)CH-OH), 2.02-1.93 (2H, m, —CHCH,CH,CH.CH;), 1.48 (2H, m,

—CH2CH2CH2CH,CH3), 1.31 (AH, m, —CH2CH,CH2CH2CH3), 1.14 (3H, d, J = 37.3 Hz, —CHCCH3)CH-OH), 0.90 (3H, t,

J = 6.8 Iz,  CIQCI,CILCI.CHs) .

[0154] <AlA] oy] g>

on lata TBS CHyOh

[6152]

[0153] 2-( 9124-3-9 )o] ASS] AA(11)

{0154} oFATSA AE (41.5 mle] Ba Bt 2-(3-e1S)-WeS (1.2 g, 7.06 mol)S GE FR] WH Udall Fa

BF?) opeBBS} Oo] EZ Ole (2.2 ¢, 35.34 mmol) S A7TIRY. AS FAS what Wee] A] 3A]4b Sek DArs

Qty, ago] Gad AS Helspa, Bates] 2Hrole7wuUolE Fels ABs} BSS gaz) alBrp

ws BYES SANZ HE, qeovds 2 H71SS Be Br. Hes H7ISS t2eSseyo]= +e

How HUB —, He BalaPeek AAA) 751, SHA. HA] WAS AeA Agape

a} oC nAl:oc} elope]= = 10: 1a Bas BaD AANA ma Haea 11 (432 mg 37.4 WS

BABU}

[0155] W-NMR(CDC1;, 500 MHz) : & 7.10 (1H, 4, J = 7.9 Hz), 7.06 (1H, dd, 7 = 7.9, 7.3 Hz), 6.76 (1H, da, J =

7.6, 7.3 Iz), 6.68 Cl, d. J = 7.6 Iz), 3.74 3.55 (3Il, m), 3.44 CI, m), 3.28 Cll, dd, J = 8.6, 5.9

Hz), 3.10 (1H, brs), 2.09 (1H, m), 1.79 (1H, m)
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[O156} 3-(2-(FE-FSOW Setesapaqaealsas] aaAd2)

[6157] 2-( QI81-3-B EFS 11 (365 mg, 2.23 mmol) S eo]SBauee] sel He, Wa az) BWA PRA] oF) cp

= (182.6 mg, 2.68 mmol)*} El]4e]-Fecpolmadel Seepol= (404.2 mg, 2.68 mmol)S Aree Ape

rH. eA] 3A1Zb Seb SWF AlZ) H, US o] AAR Ae SHtleArd. we SYS 23 Feolseayee]

wo WSS SIAL F, $H7ISS HelsQVe. Hels 771SS SHS tole RAO Hols F, PS

aA)ayo UAA|7|a1, SAA. U4 AAS Hera 2aetyy Cn AA: aSeohlal

z] 570.5

¢

mg, 92.8 ®) Gear}.
oO
l2=- 20:1) 44 22S 2

[0158] "HNMR (CDCis, 500 MHz) : 6 7.10 CH, d , J = 7.9 Hz), 7.06 CH, dd, J = 7.9, 7.3 Hz), 6.76 (IH, 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,

o.9 Hz), 2.09 (1H, m), 1.79 (1H, m), 0.92 (9H, s, -Si-(CH3)2-(CH3)3), 0.09 (6H, s, —Si-CCH3).-(CHs)5).

 
 

 
 
 

   

[0159] <AlA] a] 9>

BP

z HATUIDIPEA,agws er DME i 2

1 god:

ee

BHa.
Benzene

1SPenJPTSAMSCH 44DPayDPTSAMMSOH
[0160]

[O16 (28, 38)-1-(3-(2-(4] EPICAS.) )o] ed) IS-1-A)-3-BoESA-2-yS4129] als

(13a)

{0162} 3-(2-(FE-Haqesalsa) joeeSH 12 (405 mg, 1.45 mmol) ,(2S, 39)-3-eo] =S4]-2-g/ e-4-q] ae]

wus YAS (438 mg, 2.18 mmol) 2 0-( 7-6}ANAEe] o-e-1-2 N,N,NLN-BSe}2-9 BHF (832.4 meg,

2.18 mmol) & UAE S<SoHyJ= 20.0 mio] SaA 7lal, NN-Vo)A=Bo] 2 of21(0.17 ml, 1.0 mmol) 47}

FA. BLA aZ1sa, AVP IE LAER PSIOR Bea, HSS VP BAe}

YHPle UAAl7la, SSAlZl F, Heya 2H ARSEayyAA : eoole = 10: De Aa

So] BA) S}S}213a (404 mg, 60.2 HE OAs Melr.

[0163] ‘H-NMR (CDCl3, 500 MHz) : 6 8.22 (IH, d, J = 8.3 Hz, Ar-H), 7.22 (2H, m, Ar-H), 7.09 CH, t, J = 7.3

IIz, Ar H), 5.27 (Il, s, C=CHallB), 5.02 C1, s, C=CllaHB), 4.50 CII, brs, IIC OH), 4.27 (1, t, J =

6.35 Hz, -CHaHB-OTBS), 3.92 (1H, a, J = 5.86, 4.4 Hz, -CHaHB-OTBS), 3.87-3.76 (2H, m, —N-CHz), 3.56

- 3.53 (1H, m, —-CO-CHCCH;), 2.80 (1H. m, Ar-CH), 2.01 (2H, m, —CH»-CH)-OTBS), 2.91 (1H, m, -C=CH-CHaH

B-CH2), 1.82 (1H, m, -C=CH-CHaH®-CH,), 1.51 (2H, m, —-CH,-CH3), 1.34-1.32 (4H, m, —CH,CH.CH2CH;), 1.21

(3H, d, J = 6.84 Hz, C=O-CH(CHs). 1.19 (3H, t, J = 7.33 Hz, CHCHs), 0.90 (9H, s, —Si-CCH3)2-CCH3)3),

0.09 (6ll, s, Si CCHs)zg (CIIs)3).
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[0164] (2S, 3S)-3-3}9] =SA]-1-(3-(2-4}¢] =$4) 9] 2) IS8-1-e)-2-4] 2-4-4]Bat1-22] AAC13b)

[6165] (25,38S)-1-(3-(2-(4E-}Sr Wye aeSA) eo] 2) 1S4-1-2)-3-4}°] ESA)-2-W] S44Se-1-S 13a
(54.5 mg, 0.12 mmol) S HERSEBest (5 mil Lay 4lZl FS, HeBsoleeye 1.0 MB“op 3}
H PEUYPEGEYS SEAUE (0.15 ms G8 FH BHI Brad. Bee2a]z eek a se

F, Boo] ghasl aS Belspecp. ake Se}sto]] Jes wo BSS 4] AI F, Gos WE Beada aQaeryeayy Cn B4be)gopdele }st AAAA FASS 13b

(39 mg, 95 HE Vere Aer}.

Il
& & ft ae lo elt aya ON

{0166} “H-NMR C(CDCI3, 500 MHz) : 6 8.25 (1H, d, J = 8.3 Hz, Ar-H), 7.25 (2H, m, Ar-H), 7.08 CIH, t, 7 = 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 (IH, q, / = 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.CH.OH), 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-CH2), 1.86 (1H, m, -C=CH-CHaH®B-CH,), 1.50 (2H, m,

—CH>-CH;), 1.34-1.32 (4H, m, —CH2CH-CH.CH;), 1.21 (3H, d, J = 7.3 Hz, C=O-CH(CH;), 0.91 (3H, t. J = 6.84

Hz, CH»CH3).

[0167] (28,38)-1-(3-(2-(9 E-38We4s)8) dSea-1-4)-2-F S-4-FS-1-S425-3-2 Ofeo]ES]

Al (14a)

{0168} Usesoe el (25,3S)-1-(3-(2-(eE-7Pc) ey SSS4)) 2) 2) eS -1-21)-3-S} 0] =SA)-2-4] 2-

4-2 as-4-1-& 18a (357 mg, 0.77 mmol)ol] Mela (0.34 ml, 3.88 mmal)& 47} FH &, opAsoleR

2S Ax A7 sar. aeolAl 124)41 Sok webs}Med, SMe A2°e] A Yok Bo] 4-cho] A SoeF] uw

ec] (1 eq) 87s Abell] 24/41 | Besa. Bo) Gas AS SBelsa, te7=B Beys As

is = 2 Molea, APvMeaIES BS AHSS ResQd, Wd H1Sse APHRE Hea

#, BS gauge Wel, Sse. Bole MAME Aula Ayawpeaay (

]2ohaol= = 20: 1a} BAS Bessa. AAAA FAS] 14a (570.5 mg, 92.8 HS 2Atdze @

eheh.

r

{0169} ‘TL NMR (CDCl3, 500 Miz) : 6 8.11 (1, d, J = 7.8 Iz, Ar H), 7.10 (20, m, Ar WH), 6.95 CI, t, J = 7.3

Hz, Ar-H), 5.42 (1H, d, J = 8.3 Hz, -CHOCOCH;), 5.04 (1H, s, -C=CHaHB), 4.84 (1H, s, -C=CHaHB),

4.14 (1H, |, J = 9.2 Hz, -CHaHB-OTBS), 3.76 - 3.68 (2H, m, -N-CH;), 3.69 (1H, |, J = 6.3Hz, -CHaHB-

OTBS). 3.44 (1H, m, —CO-CH(CH;), 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-CH2), 1.37 (1H, m, -C=CH-CHaH@®-CH,), 1.17 (2H, m, —CH)-CH;), 0.86

CAH, m, —CH2CH2CH2CH3), 0.85 COH, s, —Si-CCH3)2-CCH3)3), 0.85 (3H, d, 7 = 6.84 Hz, C=O-CHCCH3), 0.76 (3H,

t, J = 7.33 Ilz, CILCHs), 0.01 (6Il, s, Si CCHg), (ClIs)3).

{0170} (28, 3S)-1-(3-(2-s}>] =4] 42) US8-1-9 )-2-W] a-4-F] SB d-1-S45-44-3-9 ofeo]2] A) A(14b)

(O174] (25,35)-1-(3-(2-( 4 E-Fed Wye aaA) eo) 2) ele -1-F)-2-W42 -1-S$4-3-2 eo} A] eo] =

14a (64.4 me, 0.12 mmol) ee (3 mij] Saalzl =, eld y-Eea-MSOES Ae yo] # = 4SAAT 2A] 2b Sek alLvbse Qe}. ¢°] dae AS ale = , eee Wees 2a Fy we geya agSleubeayy} Con — Ab: septJE = 1: Ys Bae wes AeA Easee 14b (21.3
mg, 42.8 HS Parts eer.

{0172] “H-NMR (CDCl3, 500 MHz) : 6& 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, / = 8.3 Hz, —-CHOCOCH;), 5.12 (1H, s, -C=CHaH®), 4.93 (1H. s, -C=CHaHB),

4.24 (2H, t, J = 9.2 Hz, —-CH,CH2-OH), 3.94 (2H, t, J = 9.2Hz, —CHLCH;-OH), 3.80 (2H, d, / = 7.3 Hz, -N-

CH,), 3.57 CII. m, CO CH(CIs), 3.04 CI, t, J = 6.8 IIz, N CILCH Coll, OID, 2.09 (31, s, CIOCOCH;), 1.56

(2H, m, —CH2CH»CH»CH2CH3), 1.45 (4H, m, —CH2CH2CH.CH2CH3), 1.26 (3H, m, COCCH3)CH), 0.86 (SH, t, J =

6.3Hz, —CH»CH,CH.CH»CH:) .

{0173} (28 ,38)-1-(3-(2-(9 E-Fayr y a4254)))a)-11-21S-1-4)-2-Fe-4WSa-1S2213-0 ofeol=e

2} A)%(15a)

{G174] (25,385) 1 (3 (2 (Ce #edWqe2deplist 1d) 284 Wed 1 $4432 of Aq eo] =

l4a (344 mg, 0.68 mos aAal (7 mij) Ba] AZ) FF, 2,3-vhe]) St -5,6-cho] 4o] oF} s--14AE
(778.2 mg, 3.42 mmol)& A7beke} GO'COHAT 124]Zb Bok Btebs+Ar}, Bo] Aa ALS sBelspar, a] elo}
alae] Es} BS #7s}oF Hee PEYSAU. Hels 77SS SPSL F-RAOL HY H, ES
BhpIGee AsZA|7|a., Saar. Hee 4hS Ada AHSB4EIGy Cn - B44: Bop

qed =7: 1) Base Hess. AAAA SASehe 1lda (85 mg, 24.8 DS VQaraqa Warp.

 

al

ao)

{0175] “H-NMR (CDC1;, 500 MHz) : 6 8.46 (1H, d, / = 8.3Hz, Ar-H), 7.72 - 7.70 (1H, m, Ar-H), 7.54 - 7.52 (2H,

m, Ar HW), 7.37 7.27 (10, m, Ar H), 5.66 (1, d, J = 7.3lIlz, CHOCOCI;), 5.12 (1Il, s, C=CHallB). 4.93

(1H, s, -C=CHaHB), 3.92 (2H, m, -CH;-OlBS), 3.53 (1H, m, —-CO-CH(CHs), 2.93 (2H, m, —CH2CH,-OTBS), 2.11

(3H, s, CHOCOCH;), 2.04 (2H, t, J = 7.8 Hz, -CHCH,CH.CH.CH;), 1.43 (2H, m, —CH,CH.CH,CH.CH;), 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-CCH3).-(CHs);). 0.84

(3H, t, J = 7.3 Hz, —CH»CH»CH.CH.CH;), 0.04 (6H, d, J = 4.89 Hz, -Si-CCH;).-(CHs)2).

[0176] (28,3S)-1-(3-(2-3}°]=A] o] @)-1H-e1S-1-F)-2-] B-4-F] Be -1-SAt3-2 Ofee] ES] A)(15b)

[0177] (28,38)-1-(3-(2-(4 E-4Yo]  12)-S A) 0])-1-9)S-1-S )-2-]4-1-4d-3-G ofeo]
15a (88.3 mg, 0.17 mmol)=& FF repo]each (5 mia af Al4) -, BEspolEuetel 1.0 M ee OF
4S FEUPees SES 1.76 mS AS FA BMA Bh SA. EAA 2b Feb D

IRUS SEH]S PLAS wo] weSs Bz)AIz

 

wa FH, YES] Paw AS HelspReh. ves See

% SSeS Vel GSE RelistBle GSS MERFee RIE FV

Abo] =Heoe ARIF, PSNR. Vela we dea agazy esas Cn AA: oy eopawee = 1: 1) tel BAS Beles ARAVA SASS 15d (21.3 mg, 31.3 OE Lalas BAe.

{0178} ‘IL NMR (CDCls, 500 Mz) : 6 8.47 (1, d, J = 7.8 Iz, Ar HW), 7.55 Cl, d. J = 6.84 Iz, Ar WD. 7.38 C1,

Lt, J = 7.3 Hz, Ar-H), 7.37 CH, s, Ar-H), 7.30C1H, lt. J = 7.3 Hz, Ar-H), 5.60 (1H, d, J = 7.3 Hz,

-CHOAc), 5.11 CIH, s, -C=CHaHB), 14.94 CH, s, -C=CHaHB), 3.96 (2H, t, 7 = 6.35 Hz, —-CHs-OTBS), 3.76

3.68 (211, m, N CH), 3.69 C1, t, J = 6.3 Iz, ClaHBOMI), 3.56 (1, m, CO CH(CI), 2.99 C2I, m,

CH2CH20H), 2.09 (SH, s, CHOCOCH3), 2.05 (2H, s, CH»CH»CH2CHoCH;), 1.42 - 1.52 (6H, m, CH2CH2CH2CH2CH3),

0.85 (3H, m, —CHLCH;).
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{0180]
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{0182}

[0183]

[01844

{O1ss]
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<AlA] oy 10>

 
 

OTee 6Z  

Wa: TeAinrectet

 
(28,3S)-1-(3-(2-(9ESF ef]2SS4)) oS )-1H- 91S-1-A )-3-39] HSA) -2-F] -4-FW1-22]

#%(16a)

(28,38)-1-(3-(2-(GE-+SayqedaSeDelsD SES SET-2)-3-é}°] ==4)-2-] B-4-]Ble1-2 13a(156 mg, 0.31 mmol) = 48141 (30 ml) =i Sa] AyzZ) -—, 2,3-cree]) Su-5, 6-1}oTteletss1,4-ee (352.8
mg, 1.55 mnol)& €7so} 6GOCS!AI we eek abet}. Bego] Aaa AS Belaa, ayeohlaol=SES SISA T7GS Pesart. Whee APSHAE petoe Not #, Pr Bt}

senom UxAlZlal, SRAVelave AeA AASOHELACn — ak:of opaeor= =
: Dele] BAS BAD AZAA SAS= 16a (102 mg, 73.9 HS 2QAtH=B Seer}.

“H-NMR (CDClz, 500 MHz) : 6 8.48 (1H, d, J = 8.3 Hz, Ar-H), 7.55 (IH, d, J = 7.8Hz, Ar-H), 7.38 (1H,

t, J = 8.31 Hz, Ar-H), 7.33 CH, s, Ar-H), 7.3 CH, t, 7 = 6.35 Hz, Ar-H), 5.28 (IH, 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(CH:)), 2.94 (1H, l, J = 6.84 Hz, -CHaHB-OTBS), 2.93 (1H, a, J = 6.35

Hz, -CHaHB-OTBS), 2.07 (1H, m, -C=CH-CHaH®-CH,), 1.97 (IH, m, -C=CH-CHaHB-CH,), 1.50 (2H, m,

~CHCHCH)CH2CHs), 1.35 (SH, s, -CO-CH(CH3)), 1.34 (4H, m, ~CHCH)CHLCH.CH;), 0.89 (9H, s, -Si-(CH3)o-

(CH)s), 0.03 (6H, s, -Si-(CHs)2-(CHs)s).

(28, 38)-3-8}°] =SA)-1-(3-(2-8}°o] ESA) 9) B)-10-AS-1-9)-2-] SB -4-F]Be1-29] ALAC16d)

(25,35) 1 (3 (2 (9B Bad Wedasayeole) il ee 1 a) 3 syoes

(9.9 mg, 0.02 mmol)& MUS (2 mil Baqalzl F, sepa v|-Bsedl-wa

>A 2A)Zk Eek abe] Gr]. WSo] MAAS Bele #, 7ZA7/H AS

TEE DES] Cn — BAk : o}aopaqgjo]e = 1: Leste

1.5% 2aabde Ber}.

‘H-NMR (CDCls, 500 MHz) : 6 8.49 (1H, d, J = 8.3 Hz, Ar-H), 7.57 CH, d, J = 7.8 Hz, Ar-H), 7.41 -

7.31 (3H, m, Ar-H), 5.27 (1H, s, -C=CHaH®), 5.04 (1H, s, -C=CHaH®), 4.61 (1H, s, C=OCH(CH;)CH-OH),

3.98 (2, t, J = 5.8 Iz, CH, OTBS), 3.51 (III, brs, CI OM), 3.24 3.29 CITI, m, C=OCH(CIs), 3.00 (2TT,

t, J = 6.3 Uz, CHCl, OTBS), 2.12 2.06 C1, m, CeCHallB), 2.00 1.94 (1, m, C=CllaHB), 1.60

(1H, brs, CHCH.-OH), 1.55 - 1.47 (2H, m, —CH»CHLCH.CH.CHs), 1.36 (3H, d, J = 1.46 Hz, -CO-CH(CH3)), 1.35

— 1.31 (4H, m, —CH.CH.CH.CH.CH;), 0.90 (3H, t, J = 5.8 Hz, CHLCHs).
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{0187} (2R,3S)-1-(3-(2-(9] E-Yary] e424s))oS) eS-1-9)-2-F] S44Set3S29] AA(17a)

[6188] (25,38)-1-(3-(2-(4 ESO WS aSSA) )oo1-1-2) -3-so] ESA) -2-] SB-4ey Ss1-4 13a

(250 meg, 0.54 mmol) HERsoleeet (15 mij] Lal a zz ASetshelSirol OMe. so ge
He coma SOE (0.5 mS C828 Wd AlZ) Aelo]4] B7beae. 47 ZWAL 24)2b Sek ate

otoy BEG Oo] VA ale Belek SH WMS (1 ml)S We] 3alzk Set 4 substZeb, Bee PeSs dale
seo BH =, ye ge7}-4a 2yaee4 eBayy on 84: aeobilelele = 15: 1)6}o] 24s Fe]

oa. 4IAA)AL SA SbS} 17a (178 mg, 73.4 ODS Sates Garp.

{O18} “H-NMR (CDCl3, 500 MHz) 6& 7.07 (2H, t, J = 7.8 Hz, Ar-H), 6.66 (1H, t, 7 = 7.3 Hz, Ar-H), 6.53 IH, 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(CH3)CH-OH), 3.75 (2H, d, / = 5.86 Hz, N-CH,), 3.64 - 3.54 (1H, m, CH,CH,-OTBS), 3.34 (1H, brs,

-OH), 3.29 CH, q, 7 = 8.3 Hz, N-CH.CH), 3.16 - 3.07 (1H, m, N-CHaH@®-CH(CHs), 3.08 - 2.98 (1H, m, Ne

CllaH® CICCUs), 2.84 CI, m, CUyCH(CHs), 2.05 (20, a, J = 7.8 liz, CHCl, OLBS), 1.94 (2U, t, / = 7.5llz,

=C-CH2), 1.78 (2H, m, -CHoCH2CH2CHeCHs), 1.47 (2H, m, —CHsCHsCH»CHoCHs), 1.30 (2H, m, —CHsCH2CH2CH2CHs),

0.92 (3H, d, J = 7.3 Hz, CH,CH(CH:)), 0.92 (9H, s, —Si-(CHy),-(CHy)3), 0.89 (3H, t, J = 6.8 Hz,

~CHCHCH.CH»CHs), 0.09 (6H, s, —Si-(CHs)2-(CHs)s).

[0190] (QR, 38)-1-(3-(2-3}9] =SA] o] 2) olSB-1-S )-2-B] E]-4- WF] BA3-S9] A] (17d)

(O191] (2R,3S)-1-(3-(2-( 4 B-Healy WelYasa)olel) glSad-1-2)-2-qWe-4-qJelalsy-3-2& 17a (31 me. 0.06

mmol)& WES (1.3 ma SAA+, Bay B-Bypl-AeyolES Awe wo] He HF AheelAl SAlzk “Eek

aiekspacy. bso] eka x on Sel ad =, 2d7)2 WSs 2H HH eR Ae 7-a AGAS4etes (n AL: a] Bopeael= = Dao BAe Bega AANA ]41S+4= 17d (18.4 mg, 79.8 DS 22

eye Bary.

{0192} TL NMR (CDCls, 500 MIz) : 67.09 (2Il, m, Ar H), 6.70 (Ill, t, J = 7.3Ilz, Ar H), 6.59 C1, d, J = 7.8 Iz,

Ar-H), 5.09 (1H, s, -CeCHaHB), 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(CH3)), 3.58 (1H. lt, J = 8.3 Hz, N-CHaHB-CHC(CH;)), 3.52 CH, lt, J = 8.8 Hz, N-

CHaH@-CH(CH;)), 3.40 CIH, g, J = 7.3 Hz, N-CHCH), 3.20 (2H, m, N-CH,), 2.92 (1H, m, N-CH»CHCCH;),

2.05 (2H, m, CH2CH:-OH), 1.83 (2H, m, =C-CH;CH,CH2CH2CH;), 1.47 (2H, m, CHCH,CH,CH2CH;), 1.31 (4H, m,

—CH2CH2CH.CH2CHs), 0.91 (3H, s, —-CHsCHCCHs), 0.89 (3H, t, 7 = 7.3 Hz, —CH2CH2CH2CH2CHs) .

(91934 (2R,38)-1-(3-(2-( 4] E-4-2) ro]al SS]) oS )-1-91 S-1-4 )-2-F] a -4- WW Sd3-89] A)A(18a)

[0194] (2R, 38) 1(3 (2 (Hz weeraasajje}2)etl 1 2) 2 W724 Wear.3 2 17a (87.8 mg, 0.19-5,6-C}o| #}o]op--1 4MAFte (89.43 mg, 0.39

A422 AS Hele, oe@opjqoes SS 4

= Peon Woe 7, BS Brags #

“4 a Cn- 4b : of elopjee]= = 20: 1)

AANA SASS 18a (32 mg, 36.6 HS 2AAgr},

reage

{0195} “H-NMR (CDCl;, 500 MHz} : 67.59 (1H, d, / = 7.8 Hz, Ar-H), 7.34 (1H, d, 7 = 7.3 Hz, Ar-H), 7.18 (1H,

t, J = 8.8 Hz, Ar-H), 7.08 (1H, t, / = 7.8 Hz, Ar-H), 6.97 (1H, s, Ar-H), 5.05 (1H, s, -C=CHaHB),

— 05 -
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4.92 (1H, s, -C=CHaH®B), 4.21 (1H, q, J = 8.3 Hz, N-CHaH®BCHC(CH;)), 3.99 (1H, q, J = 8.3 Hz, N-CHad

BCHCCHs)), 3.86 (2H, t, J = 7.3 Hz, CH.CH-OTBS), 3.83 (1H, d, 7 = 6.3 Hz, CHCCHs)CH-OH), 2.98 (2H, t,

J = 7.3 Mlz, CHCl, OTBS), 2.26 (III, m, CI,CH(CIIs)), 1.87 (10, m, =C CHall6Cilhi), 1.77 C1, m, =C Cla

BCH), 1.80 - 1.16 (6H, m, —CH2CH2CH2CH2CHs), 0.90 (9H, s, —Si-(CH3)2-CCH3)3)), 0.84 (SH, s, CHCHCCHS),

0.83 (3H, t, J = 7.3Hz, —CH,CH,CH,CHCH;), 0.04 (6H, s, -Si-(CHs),-(CHs)3)).

{0196} (2R,3S)-1-(3-(2-3} 9] =Sa) ol & )-1H- 91 S-1-© )-2- 9] 2-4-7]Ba-3-S2] A]AC18b)

[0197] (2R,3S)-1-(3-(2-( 4] B-#SL] y e 412]4] ) oo] )-1H-eS-1-2])-2-W a-4elt-3-& «18a (35.2 omg,

0.08 mol) & ABESAESaFe (4 mij] 2a] 40 F, TEBEase] 1.0 MB Sez] Qe Peet

BIeUe SEES WS HA seo) Az7eagr}. ALA) 24)4) Set wal FH F, wgeo]) gad 4

= Beleary. Wes SPS IMU SHAE F$SAS Bo] USS SAAN , Bohloles wo

TAISS BAAR. BYHISS 2HFRFO]S SRAtIou HS #, Pe BlyiwFee ALA)?)

DB, SS) Ac+. G4) WS AeA Seaevestyy (Cn - 4: qeopdooBe=1: say ea

= haa AANA BSS 18b (12.02 mg, 36 DS GAAaWu Mar},

{0198} “H-NMR (CDCl3, 500 MHz) : 67.62 (1H, d, J = 7.8Hz, Ar-H), 7.38 (1H, d, J = 8.3 Hz, Ar-H), 7.22 (1H, t,

J = 8.3 Iz, Ar H), 7.11 Gill, t, J = 7.8 Iz, Ar H), 7.04 (1, s, Ar H), 5.07 CI, s, C=CHallB), 4.94

(1H, s, -C=-CHuHB), 4.23 (1H, a, J = 8.3 Hz, N-CHaHBCHCCH;)), 4.02 (1H, a, J = 7.3Hz, N-CHaHB

CH(CH3)), 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,

CH2CH:-OH), 2.31 - 2.26 (1H, m, -CH,CHCCHs)), 1.90 (1H, m, =C-CHaH@CuHy,), 1.76 (1H, m, =C-CHaHB

CaM), 1.60 CH, brs, —-CHCCH3)CH-OH), 1.30 - 1.17 (GH, m, —CH2CH2CH,CH2CH3), 0.857 (3H, s, CH2CH(CHs),

0.84 (3II, s,  CILCII,CI_CI,CHs) .

{91994 ALY1. IL-6 AAA luciferase aay

10200] <b> gaa] As

(0201) 96 Y Bajo}!e] 5x10 A/WE HepG2 ATF(ATCC HB-8065)S WEE FH, 10% FRS(v/v), 60.0 me/ 2 7A4>}
o|Al AwolE (kanamycin sulfate; Gibco., USA) # 2.0 g/Q@ WekFeuEF(NaHCO;; Sigma, USA)¢] See

DMEM ufo wi4|} = ARSst, 387CAL OM COS] BASH WSMAlo] 80% 7454bCconfluent) A7<!]

HL SESEap. OC] SQ HZ] 50 ele BLSbSbT, 0.1 we pSTATS-TA-Luc (Clontech, CA)St 0.3 gf ec}lepRl

A] 2k livofectamin reagent; Invitrogen, USA)2] 244s 4 ae) Az7p-spo] BaAlZk BESA]Ow pSTATS-TA-

Luce BAIA Aa, We Aes 200 wl DMEM AAOE ASt po] Se7bet 24a] zh wi ebeeaey.

[0202] <1-2> IL-6 @ IL-11 8S STAT3 BME] FH-lz} BAt

{0203} Al7] Saas] a= 1% BSA/DMEMO= St yilek(serum starvation)é}al A)B=S a7] 9} Be] LAs Ae a

* 10 ne/m? IL-6(R&D system, USA)S 87s 3a) zk ek up ekopaey.

(02044 1: SAG AT(HYAgTz):

[6205] 2: CdAZCIL-6 10 ng/me);

[0206] 3: S428 (0.3, 1, 3, 10, 30, 100 uM); #

(6207) 4: Madindoline (0.3, 1, 3, 10, 30, 100 uM)

[0208] AZ] BESS AES PBSH 4] 8Sbat 50 pl S28] StS luciferase assay system, promega, USA)S Wat 14%

Zk weakest =, 30-100 wee]4) AehAl 7) 2 Cluciferase assay system, promega, USA)S Ba HAAS Fy]

— 6 -
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4-¥]E] (luminometer: EG&G BERTHOLD, USA) 5% eto] 2asparyp.

[0209] 7} SeeS2] IL-6 FE FAlebA] 2)HSa Sze] [Coo SHE HS lo PO SYS 4d S SUM EAOR

IL-11 7 FAD EpA]HAG Se SH QSp ZO] UEPMO HL 1C5q BES 2.1 mMo/Slr}.

[0210] <1-3> IL-6¢] Ja] #21 STATS ol4bs} Aaa ag

0211] 6 @ Seyoleo] 5x10 AM/WHE HepG2 AVS BRsto} uskwale] sow v-S2h) wishes FH, BAM use
Bao] FEE HALE MST F719} Be] AH gowRah Aaah,

[0212] 1. SagatAes):

[0213] 2: DYNAAL-6 20 ng/m); B

[0214] 3: FRPS dd Ae], 3, 0.39, 10, 30 # 100 pM)

[0215] ol 20 ng/mt IL-GS Aelseo] LOUZb WSS Sf 40 eh Bal AS-SAlpH 8, 20 mM Tris-HCl, 137 mM NaCl,

10% glycerol, 1% Triton X 100, 1 mM Na;VO,, 2 mM EDTA, 1 mM PMSF, 20 mM 32") Cleupeptin), 20 uwg/me of}

=(aprotonin); Sigma, UA]S AZ 4AMS BaAlzZl &, Aeel (13000g, 1535) so} Yew alo] SFoe Ass +Ssacrt. elm, AJB RH IL-6S Alels<| YS HepG2 4]VS vlagee APSSATE. OE
wale] tett pC ebulal Qa} 7)E(Bio Rad, USAVS e]Sa}o] QeksAw, 10% SDS BeopaQo}apol= a

(SDS-PAGE) *] WHlaS measto} 30 mAcl4] 24]zb Set 47iS-se saleh. 4l7ISseo] Su F Al] vsulas

PYDF WB eel(Westran S, pore size 0.2 mn; Whatman, USA)2= 90 VelAl 908 Sek AARLAr. aA

HwayelS Tris-a=221(T-TBS; 50 mM Tri-HCl, pH 7.6, 150 mM NaCl, 0.2 % Tween-20, 5% skim milk; Sigma,

USNS ACA 12a)Zb zpebSbat THTBSH 58 4 abetrd. a7) WMH] @areha= phospho

STAT3(1:1000 344) 2] USE BAS 2A Sk AESAcP. T-TBSs SW 44) -F Oo) apea ARP--Agy Bl

aye Sha](1:5000 S}4)=S 14/2) BSA) Ace. TTBS 2y4o che oo] ECL 7)E(Amersham, USA) e]2

so] HSS FA) sr.
 

{0216} 2 Ay, & 34, Ueape} Go] B ergs) Seal 1 SHES IL 6 FM STATS O14bS} 4a] BS Yau

Sch.

[0217] <1-4> IL-6e] 2a =S1JAK29} gp130 9141s} Aa ay

[0218] 6 @ Sdjo]=Eo] 510 414/M= HepG2 41SS BPS NAMA80% 7SAPA) oS He, PRA WTSat gbepe}] SR 7} 58 oe wicket at o7|S} Ao] ARE SORAe aQey.
[0219] 1. Sagat4a);

[0220] 2: CYA AGCIL-6 20 ng/m); B

{O221] 3: SPE 4d ALU, 3, 0.39, 10, 30 #8 100 pw

10222} ©] 20 ng/me IL-6 2) eee} 102k WSS HF 40 2 Bal ASS[pH 8, 20 mM Tris-HCl, 137 mMNaCl,

10% glycerol, 1% Triton X-100, 1 mM Na.VO,, 2 mM EDTA, 1 mM PMSF, 20 mM 434) &l( leupeptin), 20 we/mb of}

MEEU(aprolonin); Sigma, USALS Ares AMS Belz] F, Aeteel (13000g, 15%) seo} Hl do] =

of Qe Areas -Sy4sore. Azle] St-JAK2 Sel]et anti-gp130bal}(Cell signaling, INC.)= Aese 14]

AL 12A)2b Bk] 21 -©, protein A/G plus agarose (Santa Cruz Biotechnology, USAJH @2aAlach. Aaa

Agee ASSN2= 85) IA F AUS ASE AAS. Oo] Yt ILG BABS Ace) SS

HenG2 AILS DATS AAS agar. ulae] St Bio-Rad DC protein assay kit= °])2 ao] “stato ae

8 % SDS-polyacryl-amide gels (SDS-PAGE) MA] WAAS loadings] 30 mde] 24) Z-eet A7]Y-SE Bry.

AZ7)a-6°] BY & gel2|sas PVDF membrane (WeatranS, pore size 0.2 m)©°.= 90Ve)7] 908b “Gok AA}

Al Ace. «Ake! membraneS Tris-buffered solution (T-TBS: 50 mM Tri-HCl,. pH 7.6, 150 mM NaCl, 0.2 %

Tween 20, 5% skim milk) = 4Ce]4] 124)2) blockingé]}= T TBS= 54 A) 4e]4c}. °] membranesol] Aaa] =

—e7 -
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phospho-tyrosine antibody (1:1000 dilutions, respectively)*] polyclonal antibodiesS 24)2: 9 2c] G}

Qc-. T-TBSH 5 Ay} - ©) 4}Sha] ARP-conjucated anti-mouse antibody (1:5000 dilutions)14/7 YE3-

AB. TTBSAAT HS shoal BCLS o| Sse] MES Asap. 2 asp, & 4e]y eps vps} a

o) 2 wo) SA 1 SEES IL-6 FM IJAKZ B gp1309] abs} Ala} BIS epyee.

<1-5> Insulino] 2]3]2) adipogenesiso] Ua SY= 4d] 25}

3T38L1 AES 24 DB AMS wet Seleol=cl confluences}7] |}7]) oS Ae) BS4] Ccontaining Smg/ml

insulin, 1mM dexamethasone, and 0.5 mM IBMX)= BH}932 8S Eek Oo] DA A Hs) yz, H vpseopewy

AY aee sare. co] BSS W41S Ares) BAU WSh-ls) IL-6 4 Shst4} 1 Zh7p USO Sesfo

HA AX tela BshZo] IL 6S S44 12 SA Sos Ys AMS Hse] ABMs. say

ALSE= PBSH AA ska PBSel 3.7% formaldchyde7} 27k BAaom DAS AZ) F, Oil Red O dve= ABs

a] 1 Ayzeok SAS gr}. se}at 25 % isopropanolS AAS a4sa AayAecze 24g. 2 Ad,

M 5e] UEus} Zo], # Bbgs] Sasl 129] SeSe elaeu-Fe OFC) SAA 2: (adipogenesis) = 4} oi s+

= 1-6 27BSE BS Yea.

 

Compound‘No.
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Abstract of KR2ZO7T1G04?7 178 (A)

PURPOSE: 4 pharmaceutical composition contaming rovel oxazolidine and indale
compound, or pharmaceutically acceptable salt is provided to suppress IL-6 oriL-T4
signal transduction system anc fo be usec as an anticancer agent and anti-
inflammatory agent. CONSTITUTION: An indole compound is denoted by chemical
farmula 1.A pharmaceutical composition for preventing anc treating inflarnmatery
diseases or cancer contains 0.0001-10 weightof indole compound of chemical
formula 7 or pharmaceutically acceptable salt. The composition is manufactured in the
formulation of powders, granules, tablets, capsules, suspensions, emulsions, syrups,
supposiory, and excipient. The pharmaceutical composition is administered by oral,
ractal or venous, muscular, subcutaneous, or intracerebroventricular 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 machinc-

translation output.

DESCRIPTION KR20110047179

TECHNICAL FIELD The present invention relates to a novel oxazolidinc-based

compound and an indole-based compound, a process for preparing the same, anda

pharmaceutical composition containing the same.

[0001 ]

The present invention relates to novel anti-inflammatory and anticancer agents

containing synthetic compounds, oxazolidinc-based compounds and indole-based

compounds, a mcthod for their synthesis, or a pharmaccutically 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 beta2 (INF-beta2).

 IL-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 shownto 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

IL-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

19-07-2018 1
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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 JAK2 phosphorylates several tyrosine residues

of the cytoplasmic domains andthis translates into STATS 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. STATS bound to the

cytoplasmic domain of the receptor is phosphorylated by JAK2 and then released from

the receptor. The activated STATS binds to each other in the cytoplasm to forma

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).

LO003]

Such IL-6-mediated signaling pathways have been reported to be associated with

inflammatory diseases and various cancers, and thus inhibition of the [L-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-IlL-6

R antibody has been reported to inhibit synovial cell growth against rhcumatoid arthritis

(International Patent Publication No. 98/11020), and has been shownto 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) CUnternational Patent Publication No. 98/42377). In

addition, in a report describing a therapeutic agent for Crohn's disease Unternational

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 CWO 00/10607) and in International Patent Publication No. 02/3492, which

describes a therapeutic agent for psoriasis, the active ingredient is anti-[L-6R Lt; / RTI

& gt; In addition, in WO 02/080969, which describes a therapeutic agent for

inflammatoryidiopathic atrophy, its active ingredicnt 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. Ilowever, 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 IL-6 signaling pathway associated with cancer is muchrelated toits

intermediate mediator, STATS. It has been reported to be involved in various types of

cancer, including mycloma, breast, prostate, brain, head and neck carcinoma, mclanoma,

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 STATS, and

STATS has been shown to have some acute leukemia (Gouilleux-Gruarl, V. Back, Leuk.

Lymphoma, 1997, 28, 83-88) and T cell lymphoma (Yu, C.L. Et al., J. Immunol., 1997,

159, 5206-5210). Interestingly, STATS has been shownto be structurally

phosphorylated on serine residues in chronic lymphocytic leukemia (Frank, D. A., ct al.,

J. Clin. Invest., 1997,100, 3140-3148). STATS has been found to be structurally active

in myeloma tumorcells, 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 Bcl-xL. STATS 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

is eliminated ideally in cancer paticnts 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 / STATS pathwayis emerging as a newtarget for

chemotherapy, as STATS 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 CI.-11), an inflammatory cytokine belonging to the II.-6 family, has

almost the same signal transduction system as IL-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, IL-11R.alpha., And gp130 to promote gastric

cancer, colon cancer cell proliferation and cancer invasion (Nakayama T et al., 2007, 30,
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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 TGFB signal is blocked at the samc 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 / STATS pathway by

IL-11 is emerging as a new target for chemotherapy.

LOO006]

Thus, the present inventors have searched IL-6 and IL-11-inducedinhibitors of the

signal transduction system from organic synthesis samples and found that the newly

synthesized oxazolidine-based and indole-based compounds inhibit IL-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 pharmaccutically acceptable salt thercof.

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 & lt; 1 &

et: is hydrogenor 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 R38 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 Cl, 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 & It: RTIID = 0.0 & gt; (8-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) -38-hydroxy-2-methylnonanoyl) -

4-isopropyloxazolidin-2-one (9).

Compounds R1R442'3'4aClII (CII3) 2CII3SSS4bCII (CII3) 2CII (C113) 2SSS4cCII (C13)

2C4AH9OSSS4dCH (CHS) 2C5H11SSS4eCH (CH3) 2C6H13SSS4fCH (CH8)

2C7H15SSS4geCH (CH3) 2benzylSSS4hCH (CH3) 21-CyclohexeneSSS5CH)

2RR7abenzylIC5H11SSS7bbenzylIC5H11SRS9CH (CH3) 2C6H15SSR The oxazolidine

compound of the formula (1) of the present invention can be used in the form of a

  
pharmaccutically 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, acelic 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,

cmbossic acid, glutamic acid, and aspartic acid. In anothcr aspect, the present invention

relates to an indole compound represented by the following formula (2) or a

pharmaceutically acceptable salt thereof. Wherein R & lt: 1 & gt: is hydrogen or

substituted or unsubslituted 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, mcthoxy, substituted or unsubstituted C1-10 alkyl; Yis

hydrogen or oxygen: Z is hydroxy, C1-10 alkoxy, -OCOCHS8or 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; k4 is hydrogen or straight chain,

branched or cyclic alkyl of Cl-5; X is hydrogen, halogen, hydroxy, mcthoxy, substituted

or unsubstituted alkyl; Y is hydrogen or oxygen: Z is hydroxy, C1-5 alkoxy, -OCOCH3

or oxygen; And the aboveis a single or double bond. (2S, 3S) -1- (8- (2- (Ctert-

butyldimethylsilyloxy) ethyl) indolin-1-yl) (18a), 2) (2S, 3S) -1- (8- (2- (tert-
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butyldimethylsilyloxy) ethyl) indoline (2S, 3S) -1- (8- (2- (tert-butyldimethylsily])

-1- 4-mecthylene-1-oxonan-3-yl acetate (15a), 4) (2S, 3S) -1- (15b), 5) (2S, 3S)

-1- (8-methoxybenzyl -1,3-dihydro- Methyl-4-methylenenonan-1-one (16a), 6)

(2S, (16b), 7) (2R (8R) -3-hydroxy-1- , 38S) -1- (8- (2- Ctert-

butyldimethylsilyloxy) ethyl) indolin-1-yl) -2-methyl- 3-ol (17a), 8) (2k, 3S) -1-

(8- (2- Cert- butyldimethylsilyloxy) ethyl) (2R, 3S) -1- (- (2-hydroxyethyl -

1H-indol-1-yl) -2-methyl- (18b), 10) (2S, 3S) -3-Hydroxy-1- (8- (2-

hydroxyethyl) indolin- (13b), 11) (2S, 8S) -1- (8- (2-Hydroxyethyl) indolin-1-ylD

-2- methyl- Acctate (14b) and 12) (2R, 3S) -1- (8- (2-Hydroxyethyl) indolin-1-

yl) -2-methyl-4-methylenenan-3-ol (17b).

Compound R 1 YZ Indole derivative bond 13a (CH2) 2-OTBSOH Single bond 14a (CH2)

2-OTBSOOCOCHS Single bond 15a (CH2) 2-OTBSOOCOCHS3Double bond 15b (CH2)

2-OHOOCOCHS Double bond 16a (CH 2) 2 -OHHH double bond 13b (CH 2) 2 -OHOH

double bond 17a (CH 2) 2-—OTBSHHsingle bond 18a (CH 2) -OHOOCOCHSsingle bond

17b (CH2) 2-OHHHsingle 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-nitrobcnzcncsulfonic acid, 4-

tolucnesulfonic acid, 4-tolucnesulfonic acid, 4-nitrobenzencsulfonic 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 Reaclion 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 () or ) 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 IL-11, in particular inflammatory
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diseases or cancer diseases There is an excellent effect on prevention. Wherein said

inflammatory discasc is sclected from the group consisting of rhcumatoid 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 [IL-6 or IL-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 II.-6 or I1.-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 indele compound of the formula (2) may be used

in the form of a pharmaccutically acceptable salt thercof, 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, poly vinylpyrrolidone,

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 cxtender, a binder, a wetting agent, a disintcgrant, 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 magnesiumstearate and talc are also used. [Liquid

preparations for oral usc may include various cxcipicnts 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 suppositorics, witcepsol, macrogol, tween 61, cacao papcr, 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 cffect, 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 APPLICABILITYAs described above, the present invention relates to an

oxazolidine-—based compound or an indole-based compound represented by the formula

 

(I) or a pharmaceutically acceptable sall thereof, which has the inhibitory aclivily ofa

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 discasc, 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,

Ilodgkin'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 DRAWINGSFIG. 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 HepG2 cells. FIG. 2 is a graph showing the

inhibilory aclivily 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 II.-6-induced STATS

phosphorylation-—inhibiting activity in HepG2 cells of the isopropyloxazolidine-based

compound represented by Chemical Formula 4d according to the present invention. FIG,

4 is a graph showing [L-6~-induced JAK2 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 II.-6 effect inhibiting insulin-

induced adipogenesis in 83T3L1 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 |] 3Mcthyl-2-mecthylenebutanal & It; / RTI & gt: (2b)

[OO88] 1 (440 mg, 50 mmol, 0.98 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 TIC. After confirming that all the compounds became 2b,

water was added to quenchthe reaction, and dicthylcther was added to separate the

organic layer. The organic layer was dried over anhydrous magnesium sulfate and

concentrated to give yellowliquid material 2b (44-62%). The reaction was immediately

stirred without any column.
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LOO89] 1H, s, -C = CH? H?), 5.94 1H, s, -C = CH? H?), 2.78 -CH (CH8) 2), 1.07

(611, d, J = 6.81Iz, -CII (CII3)

 [0090] 2- Preparation of methylene hexanal (2c)

[0091] Using the same method as above, 2c (44-62%) of yellow liquid material was

obtained.

[0092] 10H, s, -C = CHaHB), 5.98 (1H, s, -C CH.alpha.H.beta.), 2.23 (2H, t, J=

7.3 Hz, -CH2CH2CH2CH8), 1.85-1.80 (4H, m, -CH2CH2CH2CH3), 0.90 (3H, t, J =

7.3Hz, -CH2CH2CH2CH3)

[0093] 2- & lt; / RTI & gt: methyleneheptanal (2d)

[0094] Using the same method as above, 2d (44-62%) of yellow liquid material was

obtaincd.

LOO95] 11H, s, -C = CHaHB), 5.97 (1H, s, -C = CHaHB), 2.21 (2H, t, J = 7.8Hz,

-CH2CH2CH2CH2CHS), 1.81-1.25 (6H, m, -CH2CH2CH2CH2CH38), 0.87 (8H, t, J =

6.8Hz, -CH2CH2CH2CH2CH3)

[0096] 2- & It; /RTI & gt: methylene octanal (2c)

[0097] Using the same method as above, 2e (65%) of yellow liquid material was

obtained.

[0098] 11H, s, -C = CHaHB), 5.97 CH, s, -C = CHaH®§), 2.21 (2H, t, J = 7.8Hz,

-CH2CH2CH2CH2CH2CH3), 1.81-1.25 (8H, m, -CH2CH2CH2CH2CH2CH3), 0.87

(3H, t, J = 6.811z, -CH2CH2Ci2cli2cli2ci 13)
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[0099] 2- & Iti; /RTI & gt: methylenenol (2f)

[0100] Using the same method as above, 2f (44-62%) of vellow liquid material was

obtained.

[0101] 10H, s, -C = CHaHB), 5.98 (1H, s, -C = CHaHB), 2.22 (2H, t, M, -CH2

(CH2) 4CH2CH3), 0.87 (3H, t, J = 7.38 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 ycllow liquid material was

obtained.

[0104] 11H, 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) - G+) 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 slirred 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 reactionis

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, dricd over anhydrous magnesiumsulfate 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] 10H, m, -OCH? H? CHN), 4.40 (1H, brs, Dd, J = 9.8, 2.9 Hz, -OCH? H? CHN),

3.97 (1H, dq, J = 7.3 , 2.9 Hz, -CH (CH3) CH (OH) -), 3.11 CH,brs, J = 2.4 Hz, -

OH), 2.89-2.32 , 3H, -C (= CH) CH3), 1.18 (3H, d, J = 6.8Hz, -CH (CH3) CH (OH) )

2), 0.89 (311, d, J = 6.8 Iz, -CI1] (CII8) 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 (48%) of a yellow liquid material was

obtained.

[0112] 1Q1H, s, -C = CH? H?), 4.48 CH, m, -OCH? H? CHN), 4.46 Da, J = 6.8 GH, d,

J = 9.2, 2.9 Hz, -OCH? H? CHN), 4.96 CH, dd, J = 17.1, 8.8 Hz, M, -CH (CH8)2),

2.18-2.13 CH, m, & It! RTI ID = (3H, d, J = 6.8 Hz, -C (= CH) CH (CH8) 2), 1.19 CH

(CII3) 2), 0.93 (SII, d, J = 6.81Iz, -CII (CIIS) 2), 0.89 (3II, d, J = 7.3 Iz, -CII (CHS)

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 CH, brs, 1H), 4.97 (1H, -CH (OH)), 4.28 CH, 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) -), 3.183 CH, brs, -OH), 2.88-2.33 (2H, m, -C (= CH) CH2CH2CH2CHS3), 1.17

(311, d, J = 6.8 CII COI]) -), 0.91 (SHI, d, J = 6.811z, -CII (CII3) 2), 0.87 (311, d, J =

7.3Hz, ), 0.86 (SH, d, J = 7.38Hz, -CH (CH83) 2), 0.85 (3H, t. J = 5.6Hz, -C (= CH)

  

19-07-2018 12

Ex. 2001 - Page125



Ex. 2001 - Page126

CH2CH2CH2CHB8).

[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] 11H, s, -C = CH? H?), 4.50-4.47 (1H, m, -OCH? H? CHN), 4.42 Da, J = 9.3,

2.9 Hz, -OCH? H? CHN), 3.95 (1H. d, J = QH, m, -CH (CH8) 2), 2.04-1.90 (2H, m)

M, -C (= CH) CH2CH2CH2CH2CH3), 1.18 GH, d, CH83CH2CH2CH3) J = 7.3 Hz, -CH

(CH3) CH (OH) -), 0.98 (3H, d, J = 7.1 Hz, -CH (CH8) CH8) 2), 0.88 (3H, t, J = 5.4

Hz, -C (= CH) CH2CH2CH2CH2CH3).

[0119] Preparation of (S) -3- ((2S, 3S) -3-hydroxy-2-methyl-4-

methylenedecanoyl) -4-isopropyloxazolidin-

[0120] 4c (87%) of a ycllowliquid matcrial was obtained using the same method as

above.

[0121] 11H, s, -C = CH? H?), 4.50-4.47 (1H, m, -OCH? H? CHN), 4.42 dd, J = 9.8,

2.9 Hz, -OCH? H? CHN), 3.95 C1H. da, J = GH. m, -CH (CHS8) 2), 2.04-1.90 (2H, m,

-C © CH) CH2CH2CH2CH2CH2CH3), 1.18 (3H, d, D. J = 7.1 Hz, -CH (CH3)2), 0.98

(3H, d, J = (CHS) 2), 0.88 GH, t, J = 5.4 Hz, -C (= CH) CH2CH2CH2CH2CH2CHS).

 

[0122] Preparation of (S) -3 - ((2S, 3S) -38-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] 11H, 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 CH, da, J = M, -CH (CHS3) 2), 1.95 (2H, m, & It; RTI ID =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 (CH8) 2), 0.89 (3H, d, J = 6.72 Hz, ,J= 5.8 Hz, -C (= CH) CH2

(CI12) SCII3).

[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] 11H, s, -C = CHaHB), 4.42-4.41 (1H, m, CH, d, J = 9.0, 8. 38 Hz, -OCH? H?

CHN), 4.19 CH, dd, J = 9.0, 3.2 Hz, -OCH? H? CHN), 4.01 (3H, da, J = 7.1, 3.0 Hz, -

CH (CH3) M, -CH (CH8) 2), 3.10 CH, brs, -OH), 2.85-2.29 , 1.22 (3H, d, J = 7.1Hz,

-CII (CII3) CII (OI]) -), 0.91 = 6.8 Iz, -CII (CII3) 2).

 

[0128] & Lt: Example 3 & gt;

[0130] (R) - G ) 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 wasstirred ai the same

temperature for 50 minutes Lt; / RTI & get; 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 icc 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: cthyl acetate) to isolate the matcrial

and dry to obtain yellow liquid material 4h (22.3 mg, 14.8%),
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[0131] 11 H-NMR (CDCI 8, 500 MHz)? 5.81 CH, t, J = 3. 4 CH, 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, da, J = 7.3, 2.9 Hz, M, -Cyclo (CH 2)), 1.927 (2H, t, J = 17.60 Hz, -

Cyclo (CII 2) ), 1.67-1.55 (411, m, -Cyclo (CI12CI12), 1.18 (II, d, J = 7.3 Hz, -CIl

(CH3) 2), 0.88 (SH, d, J = 7.1 Hz, -CH (CH8) 2).

[0132] & Lt: Example 4 & gt;

10134] 3-Propynol-2-oxazolidinone 3b (100 mg, 0.541 mmol, 1 eq), dissolved in

dichloromethane (2.0 ml) (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, pII 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: cthyl acetate) to isolate the matcrial

and dry to obtain yellow liquid material 5 (146.3 mg, 87.2%).

[0135] 11H, 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 CH. da, J = (1H. m, -CH (CH3) 2), 2.04-1.90 (2H, m,

-C © CH) CH2CH2CH2CH2CH3), 1.18 GH, d, D, J = 7.1 Hz, -CH (CHS) 2), 0.98

(3H, 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) wasstirred 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

slirred in an ice water baih 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 residuc was separated and dricd by silica gcl 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} RTI ID = 0.0 & gt: GH, 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 = 18.2, 3.4 Hz, ), 2.81 (1H,

d, J = 13.2, 9.2 Hz, -CH (CH3) m, -C ( CH) CH2 (CH2) 2CH2CH3), 1.32 (4H, m, C

(CH2) 2CH2CH3), 0.90 (3H, t, J = 6.8Hz,

 

 o

[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).

10141] 1(211, m, Ar-IL), 7.30-7.27 C111, m, Ar-I]), 7.22-7.21 , 5.19 (IL, s, -C = CII?

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) 2CH2CHS3), 2.00 (2H, m, -C (= CH) CH2 (CH2)

2CH2CH3), 2.81 CH, 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 diisopropylcthylaminc (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

19-07-2018 16

Ex. 2001 - Page129



Ex. 2001 - Page130

mmol) dissolved in dichloromethane (0.70 ml) was stirred at -78 [deg.] C for 30 min.

Then, the mixture was icc-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 magnesiumsulfate and concentrated. The obtained residue was subjected to

silica gel column chromatography (18% n-hexane: cthyl acetate) to isolate the

substance and dryto obtain yellowliquid substance 9 (22.3 mg, 14.8%).

[0145] 10H, 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) -), 2.88-2.383 (1H, m, -CH (CH3) 1.17

(3H, d, J = 7.8 Hz, -CH (CH3) CH (OH) D, J = 7.8 Hz, -CH (CH8) 2), 0.87 (3H, t, J =

5.8 Hz, -CH? H? CH 2 (CH 2) 3 CH 3).

 

[0146] & Lt: Example 7 & gt:

[0148] (2S, 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 al room

temperature. The reaction was completed bystirring 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 aqucous solution of sodium chloride, dricd over

anhydrous magnesium sulfate and concentrated. The resulting liquid material 10d (647

mg, 106.1%) was added directly to the next reaction.

[0150] 1H, d, J = 3.4 Hz, -CH (CH3) 2 (CH3) (2H, m, -CH2CH2CH2CH2CHS), 1.48

(2H, m, -CH2CH2CH2CH2CH3S), 1.81 (4H, m, -CH2CH2CH2CH2CH8), 1.14 GH, d, J

= 37.3 Hz, -CH (CH3) CH-OH), 0.90 (3H,t, J = 6.8 Hz, -CH2CH2CH2CH2CH3).  

[0151] & Lt: Example 8 & gt:
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[0153] 2- Gndolin-3-yl 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 rcaction 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 (482 mg, 37.4%).

[0155] LCI, dd, J = 7.6 Iz), 7.06 CII, dd, J = 7.9, 7.3 Iz), 6.76 , 6.68 CII, d, J=

7.6Hz), 3.74-3.55 (3H, m), 3.44 2.02 (1 H, m), 1.79 (1 H, m)

[0156] 38- @- Cert-butyldimethylsilyloxy) ethyl) indoline (12)

[0157] 2 - Gndolin-3-yl) ethanol 11 (865 mg, 2.23 mmol) was dissolved in

dichloromethane and then imidazole (182.6 mg, 2.68 mmol) and tert- butyl dimethylsilvl

chloride 404.2 mg, 2.68 mmol) were added successively. Alter stirring al room

temperature for 3 hours, it was confirmed that the reaction was completed. The reaction

mixture was poured into water and dichloromethane to quenchthe 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] 1Q1H, dd, J = 7.6 Hz), 7.06 CH, dd, J = 7.9, 7.38 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- (CH8) 2—- (CH8)3).
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[0159] & Lt: Example 9 & gt;

[0161] (2S, 8S) -1- (8- (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-

methylrenonexeccarboxylic acid (438 mg , 2.18 mmol) and O- (7-azabenzotriazol-1-

yl) -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 anoil.

[0163] 1(2H, m, Ar-H), 7.09 CAH,t, J = 7.8 Hz, Ar CH, brs, HC-OH), 5.27 (1H, t, J =

6.35 IIz, (211, m, -N-CI12), 3.56-3.53 CII, m, -CO-OTBS), 3.92 C111, q, J = 5.86,4.4

Hz, M, -CH2-CH2-OTBS), 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 (CH8) 3), 0.09 (6H, s, -Si-

(CHS) 3), 1.19 (3H, t. J = 7.83 Hz, CH2CHS3) CH3) 2- (CHS) 3).

 

  
 [0164] (2Preparation of (S) -3-hydroxy-1- (8- (2-hydroxycthyl) indolin-1-yD

[0165] (2 38-hydroxy-2-methyl-4-methylenenan-1-one 13a ((S) 54.5 mg, 0.12

mmol) was dissolved in tetrahydrofuran (5 ml), and tetrabutylammoniumfluoride (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 addcdto the reaction mixture to stop the rcaction. 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 CH, t, J = 6.8 Hz, Ar CH, brs, HC-OH), 4.49 (2H, s,

HC-OH), 5.07 (2H, m, -N-CH2), 3.83 1H, g, J = 5.86, 4.4 Hz, QH, m, -CH2-CH2-

OH), 3.79 1H, brs, CH2CH2O0H), 3.63-3.59 M, -CH2-CH3), 1.34-1.32 (4H, m, -

CH2CH2CH2CH2), 1.86 m, -ClHI2CH2CH2CI13), 1.21 (II, d, J = 7.3 Ilz, C-O-CII

(CH3), 0.91 (SH, t, J = 6.84 Hz, CH2CHS).
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[0167] (2Ethyl) indolin-1-yl) -2-methyl-4-methylene-1-oxonan-3-yl acetate

Manufacturing (14a)

[0168] (2S, 3S) -1- (- (2- (tert-butyldimethylsilyloxy) ethyl) indolin-1-yl) -3-

hydroxy- l-one 13a (857 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 bystirring at room

temperature for 2 hours. After confirming that the reaction was completed, pyridine was

removed by a pressure reducer, ethyl acelate and walter were added to separate the

organic layer. The separated organic layer was washed with an aqueous solution of

sodium chloride, dried over anhydrous magnesiumsulfate and concentrated. The

obtained residue was subjected to silica gel column chromatography (n-hexane: cthyl

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 CH, t, J = 7.38 Hz, Ar CH, d, J = 8.8 Hz, -CHOCHS),

5.04 (1H, s, -CH2OH-OTBS), 3.44 (1H, m, -CO-NH2), 3.69 CH (CH3), 2.94 (1H, m,

Ar-CH), 2.01 M, -CH2-CHS3), 0.86 (4H, m, -CH2CH2CH2CH3S), 0.85 (9H, s, (SH, t, J

= 7.33 Hz, CH2CH3), 0.01 (6H, dd, J =, s, -Si- (CH3) 2— (CH8)3).

 

 [0170] (2Preparation of (14b) S, 3S) -1- (8- (2-hydroxyethyl) indolin-

[0171] @ YI) -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 = 7.8 Hz, Ar CH, d, J = 8.8 Hz, -CHOCH3),

5.12 C(1IL s, (Il, t, J = 9.2 Hz, -ClH2CI12-O1)), 3.94 (11, m, -CH2CH2CII2CI12C113),

1.45 (4H, CH), 3.04 (1H, t, J = 6.8 Hz, , m, -CH2CH2CH2CH2CHS), 1.26 (8H, m, CO
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(CH3) CH), 0.86 (3H, t, J = 6.8Hz, -CH2CH2CH2CH2CHB8),

10173] (Y)) -2-methyl-4-methylene-1-oxonan-3-yl Acetate (15a)

[0174] (© YD -2-methyl-4-methylene-1-oxononan-3-ylacetate 14a (2-tert-

butyldimethylsilyloxy) ethyl) indolin- (844 mg, 0.68 mmol) was dissolved in benzene

(7 ml) followed bythe addition of 2,3-dichloro-5,6-dithiano-1,4-benzocyenone

(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 = 7.8 Hz, -CHOCHS),

5.12 1H, s, (2H, m, -CH2CH2-OTBS), 2.11 (8H, s, CHOCOCHS), 3.93 (2H, m, -

CH2CH2CH2CH2CH3), 1.38 (3H, d, J = 7.38 Hz, -CO-CH (CH3), 1.32-1.23 4H, m, -

CH2CH2CH2CH2CH3), 0.90 (GH, s, -Si- (CH3) 2- (CH3) 3), 0.84 GH, t, J = 7.3Hz,

-CH2CH2CH2CH2CHB) = 4.89 Hz, -Si- (CH3) 2- (CH3) 3).

    

[0176] (2Methyl-4-methylene-1-oxononan-3-ylacetate (15b) & It; EMI ID =

[0177] © YD -2-methyl-4-methylene-1-oxonan-3-yl Acetate 15a (88.3 mg, 0.17

mmol) was dissolved in tetrahydrofuran (5 ml) and tetrabutylammoniumfluoride (1.76

ml) dissolved in 1.0 M of tetrahydrofuran was added thereto in an icc 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

separaled 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 dricd to obtain the desired compound 15b (21.3 mg, 31.3%) as an oil.

[0178] 1C1H, d, J = 7.8 Hz, Ar-H), 7.55 (1H, d, J = 6.84 Hz, Ar-H), 7.88 = 7.3 Hz,
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Ar-H), 7.87 CH, s, Ar-H), 7.80 CH, t, J = 7.8 Hz, Ar- (2H, m, 3H), 5.11 CH, s, -C

= CH? H?), 4.94 (2H, m, CH 2 CH 2 OH), 2.09 (3H, s, CH 2 CH 2), 3.69 CHOCHS), 2.05

(2H, s, CH2CH2CH2CH2CH3), 1.42-1.52 (6H, m, CH2CH2CH2CH2CH3), 0.85 (3H, m,

-CII2C118).

[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 & 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 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 anoil.

[0183] 1QI]I, d, J = 7.8 Ilz, Ar-ID, 7.38 CII, t, J = = 8.31 Iz, Ar-I]), 7.33 CII, s,

Ar-H), 7.3 (1H, t, J = 6.85 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 -

(CHS) 3).

   

[0184] (2Preparation of (S), 3S) -3-hydroxy-1- (8- (2-hydroxyethyl) -11I-

indol-

[0185] (© Ethyl) -1H-indol-1-yl) -8-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 bystirring 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] 1C1H, d, J = 7.8 Hz, Ar-H), 7.41-7.31 (8H, m, (1H, s. C = OCH (CH8) CH-

OH), 3.98 (2H, (, J = 5.8 Hz, -CH2-OTBS), 3.51 (1H, brs, CH-OH), 3.34-3.29 , -

CH2CH2-OTBS), 2.12-2.06 CH, m, -C = CH.alpha.H.beta.), 2.00-1.94 M, -

CH2CH2CH2CH2CH29), 0.90 (3H, t, J = 5.8 Hz, -CH2CH2CH2CHS), 1.86 , CH2CH3). 

10187] (2Preparation of (R), 3S) -1- (8- (2- (tert-butyldimethylsilyloxy) ethy])

indolin-

[0188] (@ 3-hydroxy-2-methyl-4-methylenenan-1-one 13a CS) 250 mg, 0.54

mmol) was dissolved in tetrahydrofuran (15 ml), and then borane-dimcthylsulfide (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 anoil.

10189] 1T, J = 7.8 IIz, Ar-I]), 6.66 CII, t, J = 7.3 Ilz, Ar- CII, d, J = 8.3 Iz, -CIl

(CH8) 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, -CH2CH2CH2CH2CH3), 1.47 (2H, m,

CH3), 2.05 (2H, q, J = 7.8Hz, CH2CH2- (CH3) 2-CH3), 0.92 (QH, s, -Si- (CH3) 2-

(CH3) 3), 0.89 (3H, t. J = 6.8Hz, -CH2CH2CH2CH2CHS3), 0.09 (6H, s, -Si- (CH3) 2-

(CHS) 3).

 

[0190] (2Preparation of (R, 3S) -1- (8- (2-hydroxyethyl) indolin-1-yD

[0191] (@ YD -2-methyl-4-methylenone-3-ol 17a (31 mg, 0.06 mmol, ) Was

dissolved in methanol (1.3 ml), and a small amount of pyridine p-toluene-reductone

was added thercto, 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
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compound 17b (18.4 mg, 79.8% Oil.

[0192] 1Q11I, m, Ar-I1), 6.70 CII, t, J = 7.3 Ilz, Ar- D, J = 7.3 Iz, CII (C113) CH-

OH). 3.77 (1H, s, - 8.71 (2H, m, N-CH2CH (CH83)), 3.58 (1H, t, J = 8.8 Hz, N- (2H,

m, N-CH2), 2.92 (1H, m, N-CH2CH (CH3), 2.05 m, -CH2CH2CH2CH3), 0.91 GH, s,

-CH2CH (CH3), m, CH2CH2-OH), 1.83 (2H, m, = C-CH2CH2CH2CHS3), 1.47 ), 0.89

(3H, t, J = 7.38Hz, -CH2CH2CH2CH2CH3).

10193] (2Preparation of (R), 3S) -1- (8- (2- (tert-butyldimethylsilyloxy) ethyl) —

1H-indol-

[0194] (© Yl) -2-methyl-4-methylenenan-3-ol 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 wasstirred 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] 17.88 (1H, d, J = 7.8 Hz, Ar-H), 7.18 CAH, t, CH, d, J = 8.8 Hz, Ar-H), 7.08

(1H, t, J = 7.8 Hz, Ar-H), 6.97 (1H, s, -C = CH? H?), 4.21 CH, q, J = 8.3 Hz, N-

CHaHBCH (CH3)), 3.99 (1H, q, J = 8.38 Hz, N-CHaHBCH (2H, t, J = 7.3 Hz,

CH2CH2-O1TBS), 3.83 (1H, d, J = 6.8 Hz, CH M, -CH2CH2CH2CHS3), 0.90 (1H, m, -

CH2CH2CH2CH2S), 2.27 CH, (3H, t, J = 7.38Hz, -CH2CH2CH2CH2CH3), 0.04 (6H,

CH3) s, -Si- (CH3) 2- (CH3) 3)).

  
 [0196] (2Preparation of (R, 3S) -1- (8- (2-hydroxyethyl) -1H-indol-

[0197] @ R, 8S) -1- @G- (2- (tert-butyldimethylsilyloxy) ethyl) -lIH-indol- 0.08

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 aqucous solution of sodiumchloride, dricd

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] 1QH, d, J = 7.8 Hz, Ar-H), 7.88 CH, d, J = 8.8 Hz, Ar- J = 8.8 Hz, Ar-H),

7.11 CH,t, J = 7.8 Hz, Ar-H), 7.04 (1H, s, -C = CHaHB), 4.23 1H, q, J = 8.3 Hz,

N-CHaHBCH (CH3)), 4.02 CH, gq, J = 7.8Hz, N-CHaHBCH (2H, t, J = 6.3Hz,

ClHI2CH2-O1D), 2.31-2.26 C(I, AIL, m, -CI12CII (CI13)), 1.90 CII, m, C-

CHaHBC4H11) ), 1.80-1.17 (6H, m, -CH2CH2CH2CH2CHS), 0.857 (8H, s, CH2CH

(CH3), 0.84 (3H, s, -CH2CH2CH2CH2CH3).

[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% FRS (Ww /v), 60.0 mg /1 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 pg pSTAT38-TA-Lue (Clontech, CA) and 0.3 ul lipofectamine reagent

(Invitrogen, USA) was added to each well. -TA-Luc wastransfected and replaced with

freshly prepared 200 [mu] 1 DMEM culture mediumand incubated for an additional 24

hours.

[0202] <1-2> IL-6 and IL-11 reactive STATS reporter gene test

[0203] The transfected cells were serum-starvated with 1% BSA / DMEM, treated with

1 ng / ml IL-6 (R & D system, USA) for 8 hours .

10204] 1: Negative control group (untreated group):
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 [0205] 2: Positive control (L-6 10 ng / ml):

[0206 | 8: Compounds (0.3, 1, 3, 10, 80, 100 [mu] M); And

[0207] 4: Madindoline (0.3, 1, 8, 10, 80, 100 [mu] M)

10208] The cells were washed with PBS and mixed with 50 ul lysis buffer Cuciferase

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 [L-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

thereo! was 2.1 mM.

[0210] <1-3> STATSphosphorylation inhibition activity induced by II.-6

[0211] 6 HepG2 cells were plated in a well plate at a density of 5x 10 & lt; 4 & gt; cells

/ well and cultured in a culture dish to a full 80%, then exchanged with serum-[ree

mediumfor 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, 0.89, 10, 30 and 100 [mu] M)

10215] Then, the cells were treated with 20 ng / ml of IL-6 for 10 minutes and then

lysed in 40 gé lysis buffer [pH 8, 20 mM Tris-HCl. 187 mM NaCl, 10% glycerol, 1%
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Triton X-100, 1 mM Na8VO4, 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 aPVDF 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-HCl, 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-STATS (1: 1000 dilution) polyclonal

antibody as primary antibody for 2 hours. After washing 5 times with T-TBS, HRP-

conjugated anti-rabbit anlibody (1: 5000 dilution) was reacted with secondary antibody

for 1 hour. After washing with T-TBS, the film was developed in an dark roomusing

ECL kit (Amersham, USA).

10216] As a result, as shown in FIG. 3, the compound of Chemical Formula 1 of the

present invention showed JL-6-induced STATS phosphorylation inhibitory activity.

[0217] <1-4> [L-6-induced JAK2 and gp130 phosphorylation inhibitory activity

[0218] 6 IlepG2 cells were plated in a well plate at a density of 5x 10 & lt; 4 & gt; cells

/ well and cultured in a culture dish to a full 80%, then exchanged with serum-free

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 IL-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 «é lysis buffer LpII 8, 20 mM Tris-IICl, 1837 mM NaCl, 10% glycerol, 1%

Triton X-100, 1 mM Na38VO4, 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-JAK2 antibody and anti-gp130

antibody (Cell signaling, INC.) At 4 ° C for 12 hours, and then precipitated with protein

 A/Gplus agarose (Santa Cruz Biotechnology, USA). After centrifugation, the

precipitate was washed three times with buffer solution and used as an electrophoresis

sample. Al this lime, 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

clectrophoresed at 30 mA for 2h. After clectrophorcsis, gcl protcins were transferred 

to PVDF membrane (WeatranS, pore size 0.2 mm) at 90 V for 90 minutes. The transferred membrane was blocked with Tris-buffered solution (T-TBS; 50 mM Tri-

HCl, pH 7.6, 150 mM NaCl, 0.2% Tween-20, 5% skim milk) for 12 hours at 4 °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 sccondary 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 () of the present invention showed

IL-6 induced JAK2 and gp130 phosphorylation inhibitory activity.

[0223] <1-5> Effect of compound 4d on insulin-induced adipogenesis

[0224] 3 T38L1 cells were replaced with differentialion 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 mediumor cells that had been treated

with IL-6 or IL-6 alone in the differentiation medium, and cells that were treated with

IL-6 and IL-6 in the differentiation medium were compared.

8

The cells were washed with PBS, fixed with PBS solution containing 3.7% formaldehyde,

treated with Oil Red © dye and stained for 1 hour. And washed with 25% isopropanol

and observed under a microscope. As arcsult, 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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translation output.

CLAIMS KR20110047179

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;

kR4 is hydrogen, or straight, branched or cyclic alkyl of C1-10, Or unsubstituted benzyl,

xX is hydrogen, halogen, hydroxy, methoxy, substituted or unsubstituted C1-10 alkyl, Y

is hydrogen or oxygen, Z is hydroxy, C1-10 alkoxy, -OCOCIIS 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-

butyldimcthylsilyloxycthyl, 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, -OCOCIIS8, 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, 3S) -1- (@- (2- (tert- butyldimethylsilyloxy) ethyl) indolin- (2S, 3S) -

1- (8- (2- (tert-butyldimethylsilyloxy) ethyl indolin-1-yl) (2S, 3S) -1- (8- (2-

(tert—butyldimethylsilyloxy) ethyl) -IH- indol- 1 -ylD —- methylene-1-oxononan-
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(2S, 3S) -1- @- (2-hydroxyethyl) -1H-indol-1-yl) -2 (2S, 3S) -1- @- (-

(tert-butyldimecthylsilyloxy) ethyl) -lH-indole-1 6) (2S, 3S) -3-hydroxy-1- (3-

(2-hydroxyethyl) -1H- (2R, 3S) -1- (8- (- (tert-butyldimethylsilyloxy) ethyl)

indolin-1 Methyl-4-methylenone—-3-ol, 8) (2R, 3S) -1- (8- (2- (tert-

butyldimethylsilyloxy) ethyl) YI) -2- 3-ol, 9) (2R, 3S) -1- (8- (2-hydroxyethyl) -

1H-indol- 3-ol, 10) (2S, 3S) -3-hydroxy-1- (- (2- hydroxyethyl) indolin- 11)

Synthesis of (2S, 3S) -1- (8- (2-hydroxyethyl) indolin-1-yl) 2R, 3S) -1- (8- (@-

hydroxyethyl) indolin-1-yl) -2-methyl-4-—methylenenonan-3-ol or a

pharmaccutically acceptable salt thercof. Possible salts.

A pharmaceutical composition for the prophylaxis and treatment of inflammatory

diseases or cancer, comprising a compound of any one of claims 1 to 3 ora

pharmaceutically acceptable salt thereof.

Do.

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 discase is sclected from the group

consisting of rheumatoid arthritis, osteoporosis, transglottial hyperplasia,

hyperimmunoglobulinemia, anemia, nephritis, cachexia, angiosclerosis, multiple

sclerosis, uveilis, chronic thyroiditis, , Systemic lupus erylthematosis, 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 (1) or a pharmaceutically

acceptable salt thereof. Whercin the cancer is sclected 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 monthsofthe filing date

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

Nofee orcertification is required.

PART I: 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

references should not be construed as an indication of the importanceofthe references.
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Application No.: 15/988,463 -2- Art Unit: 1646
Conf. No.: 7597

PART II: 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 Examinerto

evidencethat 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 Statementis, 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 Statementis, or is considered to be, in fact, prior art

as defined by 35 U.S.C. § 102.

Notwithstanding any statements by the undersigned, the Examineris urged to form his or her

own conclusion regarding the relevance ofthe cited information.

An early and favorable action is hereby requested.
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fees occasioned bythe 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.: M0546.70012USO01
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Description

[0001] The presentinvention relates to codon optimized sgp130 encoding nucleic acid molecules as well as a method
for the highly efficient recombinant production of sgo130 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
dependenton soluble IL-6R might be desirable for treatment. It was found that a soluble gp130-dimer, in particular an
IgG-Fe fusion protein ora 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 compoundis useful for the treatment of said disease and related
diseaseslike, e.g., colitis or rheumatoid arthritis. Unfortunately, so far the recombinant production of sgp130is difficult
in particular due to the fact that only low amountsof protein can be obtained
[0003] Thus, the technical problem underlying the present invention was to provide meansallowing to improve the
efficiency of recombinant production of sgp130Fe 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 sgp130Fec the yields of recombinant protein can be increased at least 10- to 20-fold
comparedto the unmodified version of the DNA. In case of the prokaryotic sgp130(D1-D3) version, the optimization of
the DNAled 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 go130 domains and the IgG-Fc part. (B) Variations of the sgp130 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: sgo130(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: sgo130Fe (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
(sgo130Fe_wt) is shown.

 

Figure 4: Detection of sgp130Fcafter transient transfection of HEK293 cells (A) or CHO cells (B) with wildtype or
optimized (opt) sgp130Fe expression plasmids
The position of sgp130Fcis indicated by arrows (<4). Wildtype and optimized sgp130Fe expression was detected
in two independenttransfection experiments each. The different sizes of the protein (left panel) result from the 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 (sgp130Fe with leader sequence).

 
 

Figure 5: Detection of RNA transcribed from transfected plasmid DNA (sgp130Fe; 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. B-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. sgp 130(D1-D3) was detected
by western blot with a His-specific antibody and marked with an arrow (<4).

 

[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 usagepattern thereof.
The letter "s" of sgo130 means "soluble". The term "soluble" as used herein refers to a gp130 molecule lacking the
intracellular domain and the transmembrane domain. The domains utilized in sgo130(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 gp130. Preferably, such fragments showabiological 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-
LQTWWOALFIFLTTESTG, Pos. 1 to 22). Moreover, a prokaryotic secretory leader sequence,e. g. pelB or OmpA could
be clonedin front of the sgp130 sequenceorparts 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 redundancyof 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 etal., 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 codonsaltered in the nucleic acid sequence
of Figure 2 or 3 vs. the wild type sequenceare present.
[0010] In apreferred 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 knownto the personskilled 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 whichinteract 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 fram 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 inducedin 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 numberof viral-oased 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 transcriptionAranslation complex consisting of the late promoterandtripartite 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 antibodyin 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 used to increase expression
in mammalian hostcells.

[0013] Further examples of suitable viral vectors, include herpes simplex viral vectors, vaccinia or alpha-virus vectors
and retroviruses, including lentiviruses and adeno-associated viruses. Gene transfer techniques using these viruses are
knownto 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] Humanartificial 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 moreefficient translation. Such signals include the ATG
initiation codon and adjacent sequences. In cases where sequences encoding the sgp139,its initiation codon, and
upstream sequencesare inserted into the appropriate expression vector, no additional transcriptional or translational
control signals may be needed. However, in case where only a coding sequencefor a fragmentis 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. Exogenoustranslational elements and
initiation codons may beof various origins, both natural and synthetic. The efficiency of exeression may be enhanced
by the inclusion of enhancers whichare 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 forits 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 mechanismsfor post-translational activities
(e.g., CHO, HeLa, 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 sgo130, stable expression in mammaliancells is preferred. For example,
cell lines which stably express sgp130Fc maybe 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 ona
separate vector. Following the introduction of the vector, cells may be allowed to grow for 1-2 days in enriched media
before they are switched to selective media. The purposeof the selectable markeris 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 grownin a selective medium, which selects
for the growth of vector-containing cells. Any number of selection systems may be used to recover transformedcell
lines. These include, but are notlimited 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. 77:3567-70); 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 allowscells 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 notonlyto identify transformants, but also to quantify the amountof 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 notlimited to the pSKK
expression vector for expression in bacteria. Depending on the vector system and hostutilised, any numberof 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 pSport!.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 knownfor this purpose, i.e.,
any conventional procedure involving extraction, precipitation, chromatography, electrophoresis, or the like. A further
purification procedure that may be usedis 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 columnby the specific antibody while the impurities will pass through. After washing
the polypeptide is eluted from the gel by a change in pHorionic 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] Thesgp130 polypeptide produced froma nucleic acid molecule of the present inventionis useful in the treatment
and/or prevention of all the pathologies, in which the activity of the agonistic complex IL-6/sIL6R mustbe 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 Methods

(A) Construct and transfection

[0024] The cDNA encodingeither wildtype or optimized sgp130Fc was cloned into the expression plasmid pDEST40
(Invitrogen, Carlsbad, CA, USA) according to standard procedures. The wildtype sequence was derived from an ex-
pression plasmid which has been described in Jostocket al., Eur. J. Biochem. 268 (2001), 160-7 (Figure 1; upper panel).
The construct was sequence verified. 3 x 10° HEK293 cells were transiently transfected with 1 wg 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 harvestedfor further preparations
of either total proteins or RNA, respectively.
[0025] Oneset 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] Thesgp130Fc protein was precipitated from the cell supernatants by adding 20 wl of Protein-A/G-Plus Agarose
(Santa Cruz, CA, USA). The slurry was incubated overnight at 4°C andfinally 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 yl of PBS and centrifuged. All protein samples were separated ona
standard acrylamidegel, transferredto a PDVF-membrane by semi-dry blotting and stained with a gp 130-specific antibody
(Hdlzel Diagnostika, K6In, Germany). 50 ng of recombinant sgp130 served as positive control (sgp130).

(C) RNA extraction

[0027] Total RNA was extracted from the cell pellets using a RNeasyMinikit (Qiagen) according to the manufacturer’s
instructions. The following primers were used to determine RNAtranscribed from the transfected plasmid DNA by
RT-PCR: sgp130Fe_f: 5°-ATGAGGTGTGAGTGGGATGG-3’, sgo130Fe_r: 5’-ACCTTGCACTTGTACTCCTTGC-3’7; ne-
omycin resistance gene NeoR_s: 5-GATGCCTGCTTGCCGAATATC-3’; NeoR_r: 5-CGCCAAGCTCTICAG-
CAATATC-3’. Total RNA wasinitially reverse transcribed and the cDNA was amplified by 30 cycles of 30 secondsat
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 comparisonto 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
RNAlevel(Figure &) a similar increase of sgp130Fc expression was detected with the optimized construct. This elevation
of sgp130Fe RNA amounts wasnot dueto a different transfection efficiency as shown by equal amounts of RNA encoded
by the neomycin resistance gene which wasalso located on the expression plasmid.
[0029] Theresults indicate thatthe significantincrease of sgp130Fe production after optimization of the cDNA sequence
is partially based on an improved codon usage during translation but is mainly derived from the elevation of the corre-
sponding RNAlevels. This might be due to a moreefficient 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 sgo130(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(DE3)pLys bacteria (Invitrogen, Carlsbad, GA, 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
ODgoo nm reached a value of 0.3 (250 rom). Protein expression was induced by the addition of 0.3 mM of IPTG (lsopro-
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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 rom and 4°C for

30 min and the pellet was resuspended in 1 ml of urea buffer (60 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 sgo130(D1-D3) (Figure 6, left lane) this
by-product was not observedwith 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 increasedat least at a factor of 3-fald.
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<110>

<120>

<130>

<140>
<4

<160>

<170>

<210>
<211
<212>
<213>

<220>
<223>

<400>
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SEQUENCE LISTING

Conaris research institute AG

Optimized nucleotide sequences encoding sgp130

Cc 1028EP

EP 04020455.4
2004-08-27

13

Patentin version 3.2

1
22
PRT
Artificial sequence

secretory leader sequence of sgp130
1

Met Leu Thr Leu Gin Thr Trp val val Gin Ala Leu Phe Ile Phe Leu
1 5 10 15

Thr Thr Glu ser Thr Gly

<210> 2
<2llb> 20
<212> DNA
<213> Artificial sequence

<220>
<223> Primer

<400> 2
atgaggtgtg agtgggatgg 20

<210> 3
<212> 22
<212> DONA
<213> Artificial sequence

<220>
<223> Primer

<400> 3
accttgcact tgtactcctr gc 22

«<210> 4
<21b 21

<212> DNA,
<213> artificial sequence

<220>
<223> Primer

<400> 4
gatgcctgct tgccgaatat c 21
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tc

<210> 5
<211I> 22

<212> DNA.
<213> artificial sequence

<220>
<223> Primer

<400> 5
cgccaagctc ttcagcaata

<210> 6
<21i> 918
<212> DNA
<213> sgp130(d1-03)_wt

<400> 6
atggaactgc tggacccgtg

agcaatttca ccgcggtttg

gcgaactaca ttgtgtggaa

attaaccgta ccgcgagcag

acctgcaaca ttctgacctt

agcggectge cgccggaaaa

atgcgctgcg aatgggatgg

agcgaatggg cgacccacaa

tgcaccgttg attacagcac

aacgcectgg gtaaagtcac

ccgaatcege cgcataatct

ctgacctgqga ccaacccgag

cgcaccaaag atgcecagcac

agcagcttca ccgttcagga

atgaaagaag atggtaaagg

tatgaagatc gtccgtga

<210> 7
<21lb> 918
<212> DONA

cggttatatc

tgtgctgaaa

aaccaaccat

cgttaccttt

cggtcaactg

accgaaaaat

tggtcgcgaa

atttgcggat

cgtgtacttc

cagcgatcat

gagcgtgatc

cattaagagc

ctggagccag

tctgaaaccg

ctactggagc

<213> artificial sequence

<220>
<223> sgp130(p1i-b3)_opt

<400> 7
atggaacttc tagatccatg

tctaatttca ctgcagtttg

gctaattaca ttgtctggaa

ataaacagaa cagcatccag

tggttatatc

tgtgctaaag

aacaaaccat

tgtcaccttt

agcccggaaa

gagaagtgta
ttcaccatcc

accgatatcg

gaacagaatg

ctgagctgca

acccacctgg

tgcaaagcga

gtgaacattg

atcaactttg

aacagcgaag

gttatcatcc

attccgccgg

tttaccgaat

gattggagcg

agtcctgaat

Qaaaaatgta

tttactattc

acagatatag

gqcccagttgqt

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

cccgacctct

ggaagcggaa

Caaagtgaaa

catcctgaaa

cattcagtat

gagcacccgt

cattcgctgt

cggtatcacc

acaacttcat

tcatgtaaat

atatactatc

tattcagctc

22

120

180

240

300

360

420

480

540

600

660

720

780

840

900

918

120

180

240
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acttgca

tegggcet

atgaggt

tctgaat

tgcactg

aatgecec

cccaatc

ttgacat

aggacca

tcttcat

atgaagg

tatgaag

Ss
<212>
<213>

<220>
<223>

<400>

Met Glu
1

val Gln

cys Met

Asn His
50

Ala Ser
65

Thr cys

Ile Thr

cys Ile

aca

toc

gtg

999

ttg

ttg

cgc

gga

aag

tca

aag
ata

8
305
PRT

ttcttacatt

ctccagaaaa

agtgggatgg
caacacacaa

attattctac

ggaaggttac

cacataattt

ccaacccaag

atgcctcaac

ctgtccaaga

atggtaaggg

gaccatga

EP 1 630 232 A1

cggacagctt

acctaaaaat

tggaagggaa

gtttgctgat

tgtgtatttt

atcagatcat

atcagtgate

tattaagagt

ttggagecag

ccttaaacct

atactgqgagt

Artificial sequence

sgp130(D1-D3)_wt

8

Leu

Leu

ASD
35

Phe

Ser

Asn

Ile

val
115

~-

Leu asp 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 teu Thr Phe Gly
85

Ile Ser Gly Leu Pro100

Asn Glu Gly Lys Lys120

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
30

Glu

Arg

Ser

cys

Tyr

Thr

Ser
75

Glu

Lys

cys

tttatggaat

ttgtgaacga

agacaaactt

aacgtgacac

aagtctgggt

atcctgtata

aactgtctag

taaaatataa

aagacacage

atgtgtttag

aagaagcaag

Pro Glu Ser

val Leu Lys30

Ile val Trp
45

Ile [le Asn
60

Leu Asn Ile

Gln Asn Val

cacaataatt

ggggaagaaa

cactttaaaa

ccceacctca

agaagcagag

taaagtgaag

tatcttaaaa

cattcaatat

atccacccga

gattcgctgt

tgggatcacc

Pro val
15

Glu Lys

Lys Thr

Arg Thr

GIn Leu
80

Tyr Gly95

Pro LyS ASn Leu Ser
110

Glu Trp Asp Gly Gly

300

360

420

480

540

600

660

720

780

840

900

918
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Arg

thr
145

cys

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>
<211b>
<212>
<213>

<220>
<223>

<400>

9
3

Thr

tys

val

Ala

Pra
195

Asn

ser

Lys

Thr

val
275

Asp

05
PRT

His

Phe

Asp

Glu
180

val

ser

Tle

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

sgp130(D-D3)_opt

9

EP 1 630 232 A1

Thr Asn Phe
135

cys

Thr

Leu

Val

Leu
215

Val

Thr

Phe

Arg

Glu
295

Artificial sequence

Met Glu Leu Leu Asp Pro Cys1 5

Lys

val

Gly

Lys
200

Ser

Ile

Trp

thr

cys
280

Ala

Ala

tyr

Lys
185

Pro

ser

Tie

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 Ala35 40

10

Thr

Lys

Phe
170

val

Asn

Ile

Leu

Gin

Gln

Lys

Gly

Leu

Arg
155

Val

Thr

Pro

Leu

Lys

Ile

ASP

Glu

tle

Lys
1406

ASD

ASN

ser

Pro

Lys
220

Tyr

Pro

Leu

ASp

thr
300

Ile ser Pro
10

Val Cys val

Asn Tyr Tle

Ser

Thr

Tle

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

trop

Thr

val
175

Tie

Leu

Trp

Glin

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 Thr45
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Asn

Ala
65

Thr

Ile

cys

Arg

Thr
145

cys

val

Phe

val

Asn
225

Arg

Ala

Glu

Trp

Pro
305

His
50

ser

cys

Thr

Ie

Glu
130

His

The

Glu

Asp

Ile
210

Pro

Thr

ser

Tyr

ser
290

Phe

ser

Asn

Ile

val
145

Thr

Lys

val

Ala

Pro
195

Asn

Ser

Lys

Thr

val
275

ASp

The

val

Ile
100

Asn

His

Phe

Asp

Glu
180

val

Ser

Tle

ASp

Trp

Ile

Thr

Leu
85

Ser

Glu

Leu

Ala

Tyr
165

Asn

Tyr

Glu

Lys

Ala
245

ser

Arg

ser

Pro

Phe
70

thr

Gly

Gly

Glu

Asp
150

ser

Ala

Lys

Glu

ser
230

ser

ser

Tle

Glu

EP 1 630 232 A1

Lys

Thr

Phe

Leu

Lys

Thr
135

cys

The

Leu

Val

Leu
215

val

Thr

Phe

Arg

Glu
295

Glu

ASp

Gly

Pro

Lys

Asn

Lys

val

Gly

Lys
200

ser

Ile

Trp

Thr

cys
280

Ala

11

Glin

Ile

Gin

Pro
105

Met

Phe

Ala

Tyr

Lys

Pro

ser

Tle

ser

val
265

Met

ser

Tyr

Ala

Leu
390

Glu

Arg

Thr

Lys

Phe
170

val

Asn

Tle

Leu

Gin

Gin

Lys

Gly

The

Ser
75

Glu

Lys

cys

Leu

Arg
155

val

Thr

Pro

Leu

Lys

Tle

Asp

Glu

Ile

Ile
60

Leu

Gin

Pro

Glu

Lys
140

Asp

Asn

ser

Pro

Lys
220

Tyr

Pro

Leu

Asp

Thr
300

Tle

Asn

Asn

Lys

Trp
125

ser

Thr

Ile

ASp

His
205

Leu

Asn

Pro

Lys

Gly

Tyr

Asn

tle

val

Asn
110

Asp

Glu

Pro

Glu

His
190

Asn

Thr

Tle

Glu

Pro
270

Lys

Glu

Arg

GIn

Tyr

Leu

Gly

Trp

Thr

val
175

Ile

Leu

Trp

Gin

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
<21l> 2511

<212> DNA.<213> arti

<220>
<223> sgpl

<400> 10
atgttgacgt

acaggtgaac

cattctaatt

aatgctaatt

atcataaaca

ctcacttgca

atttcgggct

aaaatgaggt

aaatctgaat

tcatgcactg

gagaatgcce

aageccaatc

aaattgacat

tataggacca

cgatcttcat

tgtatgaagg

acctatgaag

actcaaggct

ggaaaaatct

acagttaatg

acagtaagaa

tttcaagcta

gtggaatgga

tcagataaag

tatttaagag

gctgatggac

aaaggaccta

caacttcctg

atcattggaa

ficial

30Fc_wt

tgcagacttg

ttctagatcc

tcactgcagt

acattgtctg

gaacagcatc

acattcttac

tgcctccaga

gtgagtggga

ggqcaacaca

ttgattatte

ttgggaaggt

cgccacataa

ggaccaaccc

aagatgcctc

tceactgtcca

aagatggtaa

atagaccatc

acagaactgt

tggattatga

ccacaaaact

atcttgttgg

ctcaccctgt

ctactccaag

caccctgtat

ggaacttagc

caggaagcce

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

agigactctc

gacagtaaat

Caaatcagat

aatggatctt

ggaatctgta

cacagactgg

agagagcaaa

tgaatccata

aaaaaaagta

gaatggattt

tgtgaatgtg

gccttgttta

atcagtcctg

aaggdaaaaat

cattttacta

tttacagata

cttgaacaga

aatttgagtt

gaaacacact

gattgcaaag

tttgtcaaca

catatcaatt

atcaactcag

agtgttataa

cagattcctc

ccttttacag
agtgactgga

agtttctggt

tggaagacat

acaagatgga

ctcacaaatg

gcagctgttt

aaagcattcc

aagaaatata

Caacaagaag

tgctatttga

aaggcatacc

gggaaaaacg

atcagaaatt

gattcttccee

12

ttttcctcac

aatctccagt

gtatggatta

ttcctaagga

tagcttcatt

atgtttatgq

gcattgtgaa

tggagacaaa

caaaacgtga

ttgaagtctg

ttgatcctgt

aggaactgtc

tactaaaata

ctgaagacac

aatatgtgtt

gtgaagaagc

ataaaataga

tgcctccttt

aatcacattt

atcgctatct

taactatcce

cCaaagataa

tacttgagtg

atggtaccgt

taacagttac

ttaaacaagc

aagctgtctt

atactatatt

acacagaata

cactgaatct

tgtacaactt

ttttcatgta

gcaatatact

aaatattcag

aatcacaata

cgaggggaag

cttcacttta

cacceccacc

ggtagaagca

atataaagtg

tagtatctta

taacattcaa

agcatccacc

taggattcgc

aagtgggatc

tecatcccat

tgaagccaat

acaaaattac

agcaacccta

tgcctgtgac

Catgctttgg

gtgtgtgtta

gcatcgcacc

tcecagtatat

tecaccttce

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
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tctttgacta gtgacacatt gtacatggta cgaatggcag

aaggatggtc cagaattcag atcttgtgac aaaactcaca

cctgaagecg agggcgegee gtcagtcttc ctcrtecece

atgatctccc ggacccctga ggtcacatge gtggtggtgg

gaggtcaagt tcaactggta cgtggacgge gtggaggtge

cgggaggagc agtacaacag cacgtaccgt gtggtcagcg

gactggctga atggcaagga gtacaagtgc aaggtctcca

ategagaaaa ccatctccaa agccaaaggg cagecccgag

cccccatcce gggaggagat gaccaagaac caggtcagcc

ttctatccca gcgacatcge cgtggagtgg gagagcaatg

aagaccacgc ctccegtget ggactccgae ggetecttcr

gtggacaaga gcaggtggca gcaggggaac gtcttctcat

ctgcacaacc actacacgca gaagagecte tecctgtcte

<210> 11
<21ll> 835
<212> PRT
<213> artificial

<220>
<223> sgp130Fc_wt

<400> 11

Met Leu Thr teu Gin Thr Trp teu Val Gin Ala1 5 . 10

Thr Thr Glu Ser Thr Gly Glu Leu Leu 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 His50 55

Ile Val Trp Lys Thr Asn His Phe Thr Ite Pro
65 70 75

Lle Ile Asn Arg Thr Ata Ser Ser Val Thr Phe85 90

Leu Asn Ile Gin Leu Thr Cys Asn Ile Leu Thr100 105

Gin Asn Tyr Tyr Gly Ile Thr Ile Ile Ser Gly115 120

13

catacacaga

catgeccacc

Caaaacccaa

acgtgagcca

ataatgccaa

tectcaccgt

acaaagecct

aaccacaggt

tgacctgect

ggcagccgga

tectctatag

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

Gin

Ile

Gin
110

Pro

tgaaggtgag

gtgcccagca

ggacacccte

cgaagaccct

gacaaagccg

cctgeaccag

cecageccce

gtacaccctg

ggtcaaaggc

gaacaactac

caagcetcace

gcatgaggct
a

Phe Leu
15

Ive Ser

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

“6lu
145

Lys

ASp

Asn

ser

Pro
225

Lys

Tyr

Pro

Leu

ASp

Thr

Thr

Thr
385

Lys
130

Trp

Ser

Thr

Ile

Asp
210

His

Leu

Asn

Pro

Lys
290

Gly

tyr

Pro

Leu

Leu
370

Lys

Asn

ASp

Glu

Pro

Glu
195

His

Asn

Thr

Tle

Glu
275

Pro

Lys

clu

Ser

Pro
355

Thr

Leu

Leu

Gly

Trp

Thr
180

val

tle

Leu

Trp

Gin
260

ASp

Phe

Gly

Asp

His
340

Pro

Arg

Thr

ser

Gly

Ala
165

Ser

Trp

Asn

ser

The
245

Tyr

Thr

Thr

val

Arg
3

Thr

Phe

Trp

val

cys

Arg

Thr

cys

val

Phe

val
230

Asn

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

teu

EP 1 630 232 A1

val

Thr

Lys

val

Ala
200

Pro

Asn

ser

Lys

Thr
280

val

Asp

Lys

Tyr

Asn
360

His

Thr

Asn

His

phe

Asp

Glu

val

ser

Ile

Arg

Phe

Trp

Ala

Arg
345

Gly

Leu

Asn

Glu

Leu

Ala
170

Tyr

Asn

Tyr

Glu

Lys

Ala

ser

Arg

Ser

Pro
330

Thr

Lys

Gin

ASp

14

395

Gly Lys

Glu Thr
155

ASp Cys

Ser Thr

Ala Leu

Lys val
220

Glu Leu

Ser Val

Ser Thr

ser Phe

Ile Arg

Glu Glu
315

Ser Phe

val Gln

Ile Leu

ASN Tyr
380

Arg Tyr

Lys

Asn

Lys

val

Gly

Lys

ser

Ile

Trp

Thr
285

cys

Ala

Trp

Leu

Asp

Thr

teu

Met

Phe

Ala

Tyr
190

Lys

Pro

ser

Tle

ser
270

val

Met

Ser

Tyr

val
350

Tyr

val

Ala

Arg

Thr

Lys

Phe

val

Asn

Tle

Leu
255

Gln

Gin

Lys

Gly

Lys

Trp

Glu

Asn

Thr

cys

Leu
160

Arg

Vat

Thr

Pro

Leu
240

Lys

Tle

Asp

Glu

Tle
320

Ile

Lys

val

Ala

Leu
400
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Thr

Pro

Phe

Ser

Pro
465

Tyr

Thr

Tyr

Lys

Asp
545

Ile

Tyr

Ala

cys

Gly

Met

His

val

Ala

Pro

val
450

cys

Leu

Pro

Leu

val
530

val

Ile

Thr

Ala

Asp

Ala

Ile

Glu

arg

cys

Lys

Lys

Tle

arg

val

Lys
515

Gly

GIn

Gly

Leu

Tyr
595

Lys

Pra

ser

Asp

Asn

Asp

Asp

Lys

thr

Gly

Tyr

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

Tle

trp
470

Leu

Asp

Pro

Glu

Phe
550

Thr

Leu

Glu

Thr

Phe
630

Pro

Val

Gly

Ala

Leu

Leu
455

Gin

Ala

Gly

Pro

Ala
535

Tle

Ala

Thr

Gly

cys
615

Leu

Glu

Lys

EP 1 630 232 A1

Lys

Thr

Trp
440

Glu

Gln

Glu

Pro

ser
520

val

Arg

val

ser

Gly

Pro

Phe

val

Phe

ser

His

val

Trp

Glu

ser

Gl
50

Lys

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 Tle
555

Asp ser

Leu Tyr

Gly Pro

Pro Ala
620

Lys Pro

val val

Tyr val

val

Asp

Thr
445

Ser

val

Leu

Ser

val
525

Gln

Phe

Ser

Met

Glu
605

Pro

Lys

Val

ASp

Leu

Leu
430

Pro

Asp

His

Tle

Tle
510

Arg

Leu

Tyr

His

val
590

Phe

Glu

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

Tle

val

ser

Glu

val
785

Asp

HIS

Pro

His Asn
675

Arg val
690

Lys Glu

glu Lys

Tyr Thr

Lev thr
755

Trp Glu

Leu Asp

Lys Ser

Glu Ala

Gly Lys
B35

<210> 12
<21I> 2511
<21Z2> DNA
<213>

<220>
<223>

<400> 12
atgctgacac

acaggagagc

cattctaact

aacgccaact

atcatcaacc

ctgacctgca

atctctggcc

Ala

val

Tyr

Thr

Leu
740

cys

Ser

ser

arg

Leu
820

tgcagacatg

tgctggatce

tcaccgcecgt

acatcgtgtg

ggaccgcettc

acatcctgac

tgcetccaga

Lys

ser

Lys

Ile
725

Pro

Leu

Asn

ASp

805

His

artificial

sgp130Fc_opt

Thr cys

val Leu
695

cys Lys

Ser tys

Pro Ser

val Lys

Gin Pro
775

Gly ser

Gin Gln

Asn His

EP 1 630 232 A1

Pro
680

Thr

Val

Ala

Arg

Gly
760

Glu

Phe

Gly

Tyr

gctggtgcag

ttgcggctat

gtgtgtgctg

gaaaaccaac

ttctgtgacc

ctttggacag

Qaagcctaag

Arg Glu

val Leu

Ser Asn

lys Gly

Glu Glu
745

Phe Tyr

Asn Asn

Phe Leu

Asn Val
810

Thr Gln
825

Glu

His

Lys

Gin

Met

Pro

Tyr

Tyr

Phe

Lys

gccctgttta

atctcecctg

aaggaaaagt

cacttcacca

ttcaccgata

ctggagcaga

aacctgtcct

16

GIn Tyr
685

Gin Asp700

Ala Leu

Pro Arg

Thr Lys

Ser ASp

Lys Thr
780

ser Lys

Ser Cys

Ser Leu

ASN

Trp

Pro

Glu

Asn
750

Tle

Thr

Leu

ser

Ser
830

tctttctgac

agtctcctgt

gcatggacta

tecccaagga

tegeetcect

atgtgtacag

gcatcgtgaa

Ser Thr

Leu Asn

Ala Pro
720

Pro Gin
735

Glin val

Ala Val

Pro Pro

Thr val
800

Val Met
815

Leu Ser

caccgagtct

ggtgcagctg

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

ggcaagatce

accgtgaacg

accgtgagaa

tttcaggcta

gtggagtaga

tctgataagg

tacctgagag

gctgatggac

aagggaccta

cagctgcctg

atcatcggcta

tctctgacct

aaggatqgac

cctgaggctg

atgatctcca

gaggtgaagt

agggaggage

gattggctga

atcgaaaaga

cctccatcta

ttctacectt

aagaccacce

gtggacaagt

gtgagtggga

gggccaccca

tggactactc

tgggcaaggt

ctcctcacaa

ggaccaaccc

aqgatgcttc

tcacagtgca

aggatggcaa

acagaccttc

atagaacagt

tggactatga

ctaccaagct

atctggtggg

cccaccctgt

caacacctag

ccccttgcat

gcaatctggc

ctggctctcc

ccgtgaggac

tggatgtg¢ca

atgagaccgc

ctgacaccct

ctgagttcag

agggcgctcc

gaacccctga

tcaactggta

agtacaactc

acggcaagga

ccatctccaa

gggaggagat

ctgatatcgc

ctcctgtgct

ctagatggca

EP 1 630 232 A1

tggcggcaga

caagtttgce

caccgtgtac

gacctctgac

ectgtccgtg

ttccatcaag

tacctggtct

ggacctgaag

gggctattag

taaggcccct

gcagctggtg

agtgaccctg

gaccgtgaac

caagtctgat

gatggatctg

agagtccgtg

cacagattgg

cgagtctaag

tgagtctatc

aaagaaggtg

gaacggcttc

cgtgaacgtg

gtacatggtq

atcctgcgac

ttctgtgttt

ggtgacatgt

cgtggatggc

cacctacaga

gtacaagtgc

ggctaaggga

gaccaagaat

tgtggagtgg

ggattctgac

gcagggcaac

gagacacatc

gactgcaagg

ttcgtgaaca

cacatcaact

atcaactctg

tecgtgatca

cagatcccte

cecttttaccg

tctgactggt

agcettctggt

tggaaaaccc

accagatgga

ctgaccaacg

gctgctgtgc

aaggccttcc

aagaagtaca

cagcaggagg

tgctatctga

aaggcctacc

ggcaagaacg

atccqgaact

gattcttccc

agaatggccg

aagacccaca

ctgttcccecc

gtggtggtgg9

gtggaggtgc

gtggtgtctg

aaggtgtcca

cagcctagag

caggtgtccc

gagtctaatg

ggcteecttct

gtgttctctt

17

tggagaccaa

ccaagagaga

tcgaggtgtg

tegaccccgt

aggagctgtc

tcctgaagta

ctgaggatac

agtatgtgtt

ctgaggagge

acaagatcga

tgcctccatt

agtctcacct

atagatacct

tgaccatcce

ccaaggataa

tectggagtg

atggcaccgt

tcacegtgac

tgaagcagac

aggctgtgct

acaccatctt

acaccgagta

cttataccga

cctgtectcc

Caaagcctaa

atgtgtctca

acaatgctaa

tgctgacagt

acaaggctct

agectcaggt

tgacctgtct

gccageccga

tectgtactc

gttccgtgat

cttcaccctg

tacccctacc

ggtggaggct

gtacaaggtg

ctctatectg

caacatccag

cgcttccacc

caggatccgg

ttctggcatc

eccttetcac

cgaggctaat

gcagaactac

ggctaccctg

tgcctgtgat

catgctgtgg

gtgcgtgctg

gcatagaacc

ccctgtgtat

tcctccatct

ggagtgggat

ctaccggacc

cacactgtcc

tgagggcggce

ttgtcctgct

ggataccctg

tgaggacccc

gaccaagcct

gctgcatcag

gectgctect

gtacacactg
ggtgaagggce

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

Met Leu Thr leu
1

Thr Thr

Pro Glu

Val Leu
50

Ile val
65

Ile Ile

Leu Asn

Gin Asn

Pro Lys

Glu Trp
145

Lys Ser

Asp Thr

Asn Ile

Ser Asp

Glu

Ser
35

Lys

Trp

Asn

Ile

Tyr
115

Asn

ASp

Glu

Pro

Glu
195

His

ser
20

Pro

Glu

Lys

Arg

Gin
100

Tyr

Leu

Gly

Trp

thr
180

val

Ile

Gin
5

Thr Trp

Thr Gly Glu

val

Lys

Thr

Thr
85

Leu

Gly

Ser

Gly

Ala
165

Ser

Trp

Asn

val

cys

Asn
70

Ala

Thr

Ile

cys

Ar
15

Thr

cys

val

Phe

Gln

Met
55

His

Ser

cys

Thr

Ile
135

Glu

His

Thr

Glu

Asp

EP 1 630 232 A1

Leu

Leu

Leu
40

Asp

Phe

Ser

Asn

Ile
120

val

Thr

Lys

val

Ala
200

Pro

val

Leu
25

His

Tyr

The

Val

Ile
105

Tle

ASN

His

Phe

ASp

Glu

val

Gin
10

ASp

Ser

Phe

Ile

Thr
90

Leu

Ser

Glu

Leu

Ala
170

Tyr

ASN

Tyr

18

Ala

Pro

Asn

His

Pro
75

Phe

Thr

Gly

Gly

Glu
155

Asp

ser

Ala

Lys

Leu

cys

Phe

Val
60

Lys

Thr

Phe

Leu

Lys
140

The

cys

Thr

Leu

val

Phe

Gly

Thr
45

Asn

Glu

Asp

Gly

Pro
125

Lys

Asn

Lys

val

Gly

Lys

Tle

Tyr
30

Ala

Ala

Glin

Ile

Gin
110

Pro

Met

Phe

Ala

Tyr
190

Lys

Pro

Phe
15

Ile

Val

Asn

Tyr

Ala
95

Leu

Glu

Arg

Thr

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

Phe

ser

Pro
465

Tyr

210

His

Leu

Asn

Pro

Lys
290

sly

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

Tle

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

Arg

Thr

Phe

Trp

val

teu
405

Phe

Asn

Tyr

Asp

Asn

val
230

Asn

Arg

Ala

Glu

Gln

Glu

Lys

Asn
390

val

Gln

Met

Tle

470

Leu

215

Ile

Pro

Thr

Ser

Tyr
295

ser

ser

Gly

Ala

ser
375

Leu

Gly

Ala

Leu

Leu
455

Gln

Ala

EP 1 630 232 A1

Asn

ser

Lys

Thr
280

val

Asp

Lys

Tyr

Asn
360

His

Thr

Lys

Thr

Gln

Glu

Ser

Tle

265

Arg

Phe

Trp

Ala

Leu

Asn

ser

His
425

val

Trp

Glu

ser

Glu

Lys

Ala

ser

Arg

ser

Pro
330

Thr

Lys

Gln

Asp

Asp
410

Pro

Glu

cys

Asp

Lys

19

Glu

ser

ser

ser

Ile

Glu
315

Ser

val

Tle

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

Tle

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

Leu
430

Pro

Asp

His

Tle

tle

Leu
255

Gln

Gln

Lys

Gly

Lys

Tre

Glu

Asn

Thr

Thr
415

Lys

Arg

Lys

arg

Thr

Leu
240

Lys

Ile

Asp

Glu

Tle
320

Ile

Lys

val

Ala

Leu
400

Tle

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

Tle

Thr

Ala

Asp
610

Ala

Ite

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

Gin

Lys

Asn

Asn

ser
580

Thr

The

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

Fro

teu

Asp

Pro

Glu

Phe
550

Thr

Leu

Glu

Thr

Phe
630

Pro

val

Thr

val

cys

ser

Pro

val

Gly

Pro

Ala
535

Ile

Ala

Thr

Gly

cys

Leu

Glu

Lys

Lys

Leu
695

Lys

Lys

ser

Lys

EP 1 630 232 A1

Pro

ser
520

val

Arg

val

ser

Gly600

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

Pra

Pro

Trp

Thr
555

Asp

Leu

Gly

Pro

Lys
635

val

Tyr

Glu

His

Lys

Glin

Met

Pro

Glu

Thr

Asp
540

De

ser

Tyr

Pro

Ala
620

Pro

Val

Val

Gin

Gin
700

Ala

Pro

Thr

Ser

ser

val
525

Gin

Phe

ser

Met

Glu
605

Pro

Lys

val

Asp

Tyr
685

ASO

Leu

arg

Lys

ASp

Ile
510

Arg

Leu

Tyr

His

val
590

Phe

Glu

Asp

Asp

Gly

ASN

Trp

Pro

Glu

Asn
750

Tle

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

Glin

val

val
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755

Glu Trp Glu
770

Val Leu Asp
78S

ASP Lys Ser

His Glu Ala

Pro Gly Lys835

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
sos 810

His Asn His Tyr Thr GIn Lys Ser825

Annex to the application documents - subsequently filed sequenceslisting

[0033]

21

765

Thr

Lys

cys

Leu

Thr Pro Pro

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 sgp130
c 1028eP

EP 04020455.4
2004-08-27

9

PatentIn version 3.2

1
22
PRT

Artificial sequence

secretory leader sequence of sgp130
1

Met Leu Thr Leu Gin Thr Trp val val Gin Ala Leu Phe Ile Phe Leu
1 5 10 15

Thr Thr Glu Ser Thr Gly20

<210> 2
<211l> 20

<212> DNA_
<213> Artificial sequence

<220>
<223> Primer

<400> 2
atgaggtgtg agtgqqgataqg 20

<210> 3
<211> 22
<212> DNA
<213> Artificial sequence

<220>
<223> Primer

<400> 3
accttgcact tgtactcctt gc 22

<210> 4
<21b 21
<212> DNA
<213> artificial sequence

<220>
<223> Primer

<400> 4
gatgcctgct tgccgaatat c 21

22
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EP 1 630 232 A1

°<210> 5
<21l>) 22
<212> DNA
<213> artificial sequence

<220> .<223> Primer

<400> 5
cgccaagctc ttcagcaata tc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

6
918
DNA

Artificial sequence

sgp130(d1-D3)_opt

6
atggaactgc

agcaatttca

gcgaactaca

attaaccgta

acctgcaaca

agcggcctgc

atgcgctgcg

agcgaatggg

tgcaccgttg

aacgccctgg

ccgaatccge

ctgacctgga

cgcaccaaag

agcagcttca

atgaaagaag

tatgaagatc

<210>
<211l>
<212>
<213>

<220>
<223>

<400>

7
918
DNA

tggacccgtg

ccgcggtttg

ttgtgtggaa

ccgcgagcag

ttctgacctt

cgccggaaaa

aatgggatgg

cgacccacaa

attacagcac

gtaaagtcac

cgcataatct

ccaacccgag

atgccagcac

ccgttcagga

atggtaaagg

gtccgtga

cggttatatc

tgtgctgaaa

aaccaaccat

cgttaccttt

cagtcaactg

accgaaaaat

tggtcgegaa

atttgcggat

cgtgtacttc

Cagcgatcat

gagcegtgatc

cattaagage

ctqgagccag

tctgaaaccg

ctactggage

Artificial sequence

sgp130(D1-D3)_wt

7

agcccggaaa

qagaagtgta

ttcaccatce

accgatatcg

gaacagaatg

ctgagctgca

acccacctgg

tgcaaagcga

gtgaacattg

atcaactttg

aacagcgaag

gttatcatcc

attccgccgg

tttaccgaat

gattggagcg

gcccagttgt

tqgattattt

cgaaagaaca

cgagcctgaa

tttatggcat

ttgtgaacga

aaaccaactt

aacgcgatac

aagtgtoggt

atccggtata

aactgagcag

tgaaatacaa

aagataccgc

atgtgtttcg

aagaagcgag

tcaactgcat

cecacgtcaac

gtataccatc

cattcaactg

caccatcatt

aggcaaaaaa

caccctgaaa

cccgacctct

ggaagcggaa

Caaagtgaaa

catectgaaa

cattcagtat

gagcacccgt

cattcgctgt

cggtatcacc

atgqgaactt¢e tagatccatg tgogttatatc agtcctgaat ctccagttgt acaacttcat

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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gctaatt

ataaaca
acttgca

tegggct

atgaggt

tctgaat

tgcactg

aca

gaa

aca

tgc

gtg

999

ttg

aatgcccttg

ccecaatc

trgacat

aggacca

tcttcat

atgaagg

tatgaag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

cgc

gga

aag

tca

aag

ata

8
305
PRT

ttgtctggaa aacaaaccat

cagcatccag tgtcaccttt

ttcttacatt cggacagett

ctccCagaaaa acctaaaaat

agtgggatyg tggaagggaa

Caacacacaa gtttgctgat

attattctac tgtgtatttt

ggaaggttac atcagatcat

cacataattt atcagtgatc

cCaacccaag tattaagagt

atgectcaac ttqgagcecag

ctgtccaaga ccttaaacct

atggtaaggg atactggagt

gaccatga

Artificial sequence

s9p130(D1-D3)_wt

8

Met Glu Leu Leu Asp Pro1 5

Val Gin

Cys Met

Asn His
50

Ala Ser
65

Thr Cys

Tle Thr

cys Ile

Leu

ASp
35

Phe

Ser

Asn

Ile

val

His Ser asn
20

Tyr Phe His

thr Ite Pro

val Thr Phe
70

Ile Leu Thr
85

Ile Ser Gly
100

Asn Glu Gly

cys

Phe

val

Lys55

Thr

Phe

Leu

Lys

EP 1 630 232 A1

Gly

Thr

ASN
40

Glu

Asp

Gly

Pro

Lys

tttactattc

acagatatag

gaacagaatg

ttgagttgca

acacacttgg

tgcaaagcaa

gtcaacattg

atcaattttg

aactcagagg

gttataatac

attectcctg

tttacagaat

gactggagtg

Tyr Ile10

Ala Val
25

Ala Asn

Gin Tyr

Tle Ala

Gin Leu
90

Pro Glu
105

Met arg

24

Ser

cys

Tyr

Thr

ser
75

Glu

Lys

cys

ctaaggagca

cttcattaaa

tttatggaat

ttgtgaacga

agacaaactt

aacgtgacac

aagtctgggt

atcctgtata

aactgtctag

tadaaatataa

aagacacagc

atgtgtttag

aagaagcaag

Pro Glu

Val Leu

Ile val
45

Tle rle
60

Leu Asn

Gln Asa

Pro Lys

Glu Trp

ser

Asn

Ile

val

Asn
110

ASp

atatactatc

tattcagcetc

cacaataatt

ggggaagaaa

cactttaaaa

ccccacctca

agaagcagag

taaagtgaag

tatcttaaaa

cattcaatat

atccacccga

gattcgctgt

tqggatcacc

Pro val
15

Glu Lys

Ltys Thr

Arg Thr

Gln Leu
80

tyr Gly95

Leu Ser

Gly Gly

180

240

300

360

420

480

540

600

660

720

780

840

900

918
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Arg ‘Glu
130

Thr His
145

115

Thr

Lys

cys Thr val

Val Glu Ata

Phe Asp Pro

val Tle
210

Asn Pra
225

195

Asn

ser

Arg Thr tys

His

Phe

Asp

Glu
180

Val

ser

Tle

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

Tle

Glu

Thr
135

cys

Thr

Leu

val

Leu
215

Val

thr

Phe

Arg

Glu
295

Artificial sequence

$gp130(D-D3)_opt

Ala ser Thr

Glu Tyr val
275

Trp Ser Asp
290

Pro
305

<210> 9
<211l 305
<212> PRT
<213>

<220>
<223>

<400> 9

EP 1 630 232 A1

120

ASN

Lys

val

Gly

tys
200

ser

ile

Trp

Thr

cys

Ala

Phe

Ala

Tyr

Lys

Pro

ser

tle

ser

val
265

Met

Ser

Thr Leu

Lys Arg

Phe val
170

val Thr

Asn Pro

Ile Leu

Leu Lys
235

Gln Ile
250

GIn Asp

Lys Glu

Gly Ile

125

Lys Ser
140

Asp Thr

Asn Ile

Ser Asp

Pro His
205

Lys Leu

Tyr Asn

Pro Pro

Leu Lys

Asp G
N Oa wie

Thr Tyr300

Glu

Pro

Glu

His
190

Asn

The

Ile

Glu

Pro
270

Lys

Glu

Trp

Thr

val
175

Tle

Leu

Trp

Gln

ASp

Phe

Gly

Asp

Ala

ser
160

Trp

Asn

ser

Thr

Tyr
240

Thr

Thr

Tyr

Arg

Met Glu Leu Lew Asp Pro Cys Gly Tyr Tle Ser Pro Glu Ser Pro Val1 5 10 15

Val Gln Leu His Ser Asn Phe Thr Ala val cys val Leu bys Glu Lys

25
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Pro
305

- cys

Asn

Ala
65

Thr

Ile

cys

Arg

Thr
145

cys

val

Phe

val

Asn
225

arg

Ala

Glu

Trp

Met
‘

His
50

ser

cys

Thr

Tle

Glu
130

His

Thr

Glu

Asp

Tle
210

Pro

Thr

ser

Tyr

ser
290

ASp
35

Phe

ser

Asn

Ile

val
115

Thr

ys

val

Ala

Pro
195

ASN

ser

Lys

Thr

val
275

ASp

Tyr

Thr

val

Tle

Tle
100

Asn

His

Phe

Asp

Glu
180

val

ser

Tle

ASp

Arg
260

Phe

Trp

Phe

Ile

Thr

Leu
85

ser

Glu

Leu

Ala

Tyr
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

Tle

Glu

EP 1 630 232 A1

val

Lys

Thr

Phe

Leu

Lys

Thr
135

cys

Thr

Leu

val

Leu
245

val

Thr

Phe

Arg

Glu
295

Asn
40

Glu

Asp

Gly

Pro

Lys

Val

Gly

Lys
200

Ser

Tle

Trp

Thr

cys

Ala

Ala Asn Tyr

Gin

Tle

Gin

Pro
105

Met

Phe

Ala

Tyr

tys

Pro

ser

Ile

ser

val
265

Met

ser

26

Tyr

Ala

Leu
30

Glu

Arg

Thr

Lys

Phe
170

val

Asn

Tle

Leu

Gln
250

Gln

Lys

Gly

Thr

ser
75

Glu

Lys

cys

Leu

Thr

Pro

Leu

Lys

Tle

Asp

Glu

Ile

Tle

Ile
60

Leu

Gln

Pro

Glu

Lys
140

ASD

Asn

Ser

Pro

Lys

Tyr

Pro

teu

ASp

Thr
300

val
45

Tle

ASn

Asn

Lys

Trp

ser

Thr

Tle

Asp

His
205

Leu

Asn

Pro

Lys

Gly

Tyr

trp

Asn

Ile

val

Asn
110

Asp

Glu

Pro

Glu

His
190

ASN

Thr

Ile

Glu

Pro
270

Lys

Glu

Lys

Arg

Gin

Tyr
95

Leu

Gly

Trp

Thr

Val
175

Tle

Leu

Trp

Gin

ASp

Phe

Gly

Asp

thr

Thr

Leu
80

Gly

ser

Gly

Ala

Ser
160

Trp

Asn

ser

Thr

Tyr
240

Thr

Thr

Tyr

Arg
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EP 1 630 232 A1

Claims

10.

A nucleic acid molecule encoding sgp130 comprising (a) the nucleic acid sequence as (a,) depicted in Figure 2
(sgo130(D1-3)_opt) or (aa) Figure 3 (sgp130Fc_opt) or (b) a fragment or analogue thereof which maintains the
codon usage pattern thereof.

The nucleic acid molecule of claim 1, wherein at least 80% of the codonsaltered in the nucleic acid sequence of
Figure 2 or 3 vs. the wild type sequence are present. The nucleic acid molecule of claim 1 or 2 which is a DNA molecule.

An expression vector containing a nucleic acid molecule of any one of claims 1 to 3.

A hostcell containing an expression vectorof claim 4.

The hostcell of claim 5 which is a mammalian host cell.

The hostcell of claim 6 which is a GHO or HEK293cell.

The hostcell of claim 5 which is a prokaryotic cell. 
The host cell of claim 8 which is a bacterial cell.

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 hostcell or the culture.

27
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Figure 1

A) | gp130 (extracellular part)— | IgG
Eukaryctes
(sgp130Fc)

 
Signat D1 b2 D3 D4 DS D6 Fc

®)

ag

(ool orYe

Ce)
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ggp130(01-D3)_wt6gp130(01-03)_optagp130(D1-D3)_we89p130(D1-D3}opt6gp130(D1-D3)_wt8gp130(D1-D3)opt9gp130(D1-D3)_wet69p130(D1-D3)opt
#121#112#221#221#331#331

ATGGAACTTCTAGATCCATGTGGTTATATCAGTCCIGAATCTCCAGTIGTACAACTTCATTCTAATITCACIGCAGTTTGTGTGCTAAAGGAAAAATGTATGGATTATTTMELLDPCGYISsPESPVVQLHSNFTAVCVLKEKCMDYFATGGAACTGCTGGACCCGTGCGGTTATATCAGCCCGGAAAGCCCAGTISTTCAACTCCATAGCAATITCACCGCGGTTTGTGTGCTGAAAGAGAAGTGTATGGATTATTTMeEtOotoobPCGY¥tI8SPESFYV¥Q@bHSNFTAVCVLKEKCCMDYF
 
 

 

aHo
 

Se
 

 

Al
 

TCATGTAAATGCTAATTACATIGTCTGGAAAACAAACCATTITACTATTCCTAAGGAGCAATATACTATCATAAACAGAACAGCATCCAGTGTCACCTTTACAGATATAGHVNANYToVWKTNKEFTTPKEQ¥TTINRTAS3SVTFTOIACCACGTCAACGOGAACTACATIGTGTGGAAAACCAACCATTTCACCATCCCGAAAGAACAGTATACCATCATTAACOGTACCGCGAGCAGCGTTACCTTTACCGATATCGHVNAN¥YITosVWKTNHFTITPKEQ¥TTINRTTASSVTFTOHIA
 

 

 

Oeee
 

alOAOCBrncCTTCATTAAATATTCAGCTCACTIGCAACATICTTACATTCGGACAGCTT“GAACAGAATGTITATGGAATCACAATAATTTOGGGCTTGCCTCCAGAAAAACCTAAAAATstNIQLTCNIULUTFCG@QLEQuNvVY¥GITttsGLPPEKPKNCGAGCCTGAACATTCAACTGACCTGCAACATTCTGACCITCGGTCAACTGGAACAGAATGTITATGGCATCACCATCATTAGCGGCCTGCCGCCGGAAAAACOCGAAAAATSsLUNITQLTCNILUTFG@GQub£EOQONV¥GtTTI$GLPPEKPKN
 
 

 

eeeeeoeoe
 

eeaaenemneetiomenemenmenieeeiiionemeteresSereneLolteeneelsneeearnerLeenaTTGAGTIGCATIGTGAACGAGGGGAAGAAAATGAGCTGTGAGTGGGATGGTGGAAGGGAAACACACTTGGAGACAAACTTCACTTTAAAATCTGAATGGGCAACACACAAhsctlvNEGkKKMRCEWDOGGRETHLETNFTLKSEWATHKCTGAGCTGCATIGTGAACGAAGGCAAAAAAATGCGCIGCGAATGGGATGGTGGTCGCGAAACCCACCTGGAAACCAACTTCACCCTGAAAAGCGAATGGGCGACCCACAALsctvN&GKKMRCEWDGGRETHLETNFTLKSSBWATTHKK 
 
 

 
 

eBeBBERGBEBaGgee
Fig.2
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89p130(D1-D3)_wt89p130(D1-D3)_opt69p130(D1-D3)_wt89p130(D1-D3)_optsgp130(D1-D3)_we89p130(D1-D3)opt69p130(D1-D3)wets8gp130(D1-D3)_opt
#441#441#551#551ké661#661A771

GTTTGCTGATTGCAAAGCAAAACGTGACACCCCCACCTCATGCACTGTTGATTATTCTACTCTGTATTITGTCRACATTGAAGTCIGGGTAGAAGCAGAGAATGCCCTTGFADcKAKRODTPTSCTVDY&TV¥FPVNTEVWYVYEABNALGATTTGCGGATTGCAAAGCGAAACGCGATACCCCGACCTCTTGCACCGTTIGATTACAGCACCGTGTACTTCGIGAACATTGAAGTGTGGGTGGAAGCGGAAAACGCCCTGGFADCKAKRDTPTSCCTVD¥STV¥FVYNITEVWVEAENALGDenaheOOFFaeOoee
 

iOctoen
GGAAGGTTACATCAGATCATATCAATTITGATCCTGTATATAAAGTGAAGCCCAATCOGCCACATAATTTATCAGTGATCAACTCAGAGGAACTGTCTAGTATCTTAAAAKvT§DHINFDBYY¥YKXVYKPNPP-HNGLS$VINSEELBSSILKGTAAAGTCACCAGCGATCATATCAACTTTGATCCGGIGTACAAAGTGAAACCGAATCOGCCGCATAATCTGAGCGTGATCAACAGCGAAGAACTGAGCAGCATCCTGAAAKVT§$DHINFDbBPYYYKVKPNPPHNL§SVINSEBLSS$TuK

 

 

—4—0——4-—9080
 

aeeegOe
 

—_—————-t—veoe
 

———#09——9—088——8-99
TIGACATGGACCAACCCAAGTATTAAGAGTGTTATAATACTAAAATATAACATTCAATATAGGACCAAAGATGCCTCAACTIGGAGCCAGATTCCTCCTGAAGACACAGCLTWTNPSIKSSYIIbK¥NIQYRTKDASTWEQIPPEDTACIGACCIGGACCAACCCGAGCATTAAGAGCGTTATCATCCTGAAATACAACATTCAGTATCGCACCAAAGATGCCAGCACCIGGAGCCAGATTCOGCOGGAAGATACCGCLTWTN&SSTKSVITLKYNIQ@Y¥RFKDASTWEQYTPPEREDOTAeeor08

 

————_498—©
 ATCCACCCGATCTTCATTCACTGTCCAAGACCTTAAACCTTTTACAGAATATGTGTTTAGGATTCGCTGTATGAAGGAAGATGGTAAGGGATACTGGAGTGACTGGAGTG$sTR$SFTVQbDBbtbkKPFTEYVFRFROMKED6GKG¥WSDHSEGAGCACCCGTAGCAGCTTCACCGTTCAGGATCTGAAACCGTITACCGAATATGTGITTCGCATTCGCTGTATGAAAGAAGATGGTAAAGGCTACTGGAGCGATTGGAGCGSTRS$SFTVQODLKPFTEYVFRIRCCMKEDG@GKG¥WSDHWSE 

seewsuves
 

IaeeBeg
30

Ex. 2001 - Page180



Ex. 2001 - Page181

EP 1 630 232 A1

69p130(D1~-D3)_weBgpl30(D1-D3)opt
#661#881

AAGAAGCAAGTGGGATCACCTATGAAGATAGACCATGAEASGITYEDRP.AAGAAGCGAGCGGTATCACCTATGAAGATCGTCCGTGA
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89pl30Fc_wtagpl30Fe_optagpl30Fe_wtsgp130Fe_opeagpl30Fe_wtagpl30Fe_optBgpl30Fce_wtagp130Fc_opt
#1#1#121#121#241#241#362#361

AIGTIGACGTTGCAGACTIGGCTAGTGCAAGCCTICTITATTTTCCTCACCACIGAATCTACAGGTGAACTTCTAGATCCATGIGGTTATATCAGICCTGAATCTCCAGTTGTACAACTTMoLTLOTkWLvQALFIFLTTESTGELCoPCGYtSPESPVVQhATGCIGACACTGCAGACATGGCTGGTGCAGGCCCTGTTTATCTTTCTGACCACCGAGTCTACAGGAGAGCTGCTGGATCCTTGCGGCTATATCTCCCCTGAGTCTCCTGTGGTGCAGCTGMLT?LQOTrTwWLvVQ@ALFIFLTTESTGELLDPCGYISPESPVVQLe46seee
 

eeeeGePaoGee
 

HOee80
CATTCTAATTTCACIGCASTTIGTGTGCTAAAGGAAAAATGTATGGATTATTTTCATGTAAATGCTAATTACATTGTCTGGAAAACAAACCATTTTACTATICCTAAGGAGCAATATACTHSNFTAVYCVLGKBKCMDYFHVNANYIvw%TNHFTIPKE9¥TCATTCTAACTTCACCGCOGTGTGTGTGCTIGAAGGAAAAGTGCATGGACTACTTCCACGTGAACGCCAACTACATCGTGTGGAAAACCAACCACTTCACCATCCCCAAGGAGCAGTACACCHSNFTAVCVLKEKCMOYFHVNANYIVWKOPNHFTTPKEQO¥FT

 

 

 
aetnyt
 
 

ABso—»—0—2—9—0~4°—«o—9——0—99+99ATCATAAACAGAACAGCATCCAGTGTCACCTTTACAGATATAGCTICATTAAATATTCAGCTCACTTGCAACATTCTTACATTCGGACAGCTTGAACAGAATGTTTATGGAATCACAATAIINRTASSVTFPRDIASLNIQLCTCNTLTFGCQLEQNVY¥GiTtATCATCAACCGGACCGCTTCTTCIGTGACCTTCACCGATATCGCCTCCCTGAATATCCAGCTGACCTGCAACATCCTGACCTTTGGACAGCIGGAGCAGAATGTGTACGGCATCACCATCIrrNeRTASSVTFTDIASLNIQLCTCNTUTFGeLEONVY¥GITTaOeOO088
 

apee0-8
 

0
ATTTCGGGCTTGCCTCCAGAAAAACCTAAAAATTTGAGTTGCATIGTGAACGAGGGGAAGAAAATGAGGTGTGAGTGGGATGGTGGAAGGGAAACACACTTGGAGACAAACTTCACTTTAsabpPEKPKNLSCITVNEGKKMRCEWDGGRETHLETNFTLATCTICTGGCCTGCOTCCAGAGAAGCCTAAGAACCTGTCCTGCATCGTGAATGAGGGCAAGAAGATGAGCTGIGAGTGGGATGGCGGCAGAGAGACACATCTGGAGACCAACTTCACCCTG1sGLPPEKPRKNLSCGIVNBGKKMRCOBWDGCGGRETHLETNFTL

 

 

 

 

 
 

 

8OO
 

 

oe
 

8BeeFig,3
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egpl30Fe_wtsgp130Fe_optBgpli0Fe_wesgpl30Pc_optsgpli0Fc_wtBgp130Fc_optsgpi30Fe_wtsgpl30Fe_opt
#481#481#602#601#721e722#841#841

ARATCTGAATGGGCAACACACAAGTITGCTGATTGCAAAGCAAAACGTGACACCCCCACCTCATGCACTGTIGATTATTCTACTGIGTATTITGTCAACATIGAAGTCTGGGTAGAAGCAKSEWATHKFADOKAKRDTPTSCTVYDYSTYYFVNTFEVWVEAAAGTCTGAGTGGGCCACCCACAAGTTIGCCGACTGCAAGGCCAAGAGAGATACCCCTACCTCTTGCACCGTGGACTACTCCACOGIGTACTICGTGAACATCGAGGTGTGGGTGGAGGCTKSEWATHKFADCKAKRODTPTSCTYVYDYSTVYFVNIEVWVEAnnerrtneene
 aOtaOOaeeGAGAATGCCCTIGGGAAGGTTACATCAGATCATATCAATTTTGATCCTGTATATAAAGTGAAGCCCAATCCGCCACATAATTTATCAGTGATCAACTCAGAGGAACTGTCTACTATCTTAENALGkKYTSDHINFDPV¥KVKPNPPHNLSVINSEEUSSTILGAGAATGCTCTGGGCAAGGTGACCTCTGACCACATCAACTTCGACCCCGTGTACAAGGTGAAGCCTAACCCTCCTCACAACCTIGTCCGTGATCAACTCTGAGGAGCTGTCCTCTATCCTGENALGKVTS3DHINFDPV¥KVKPNPBHNLSVINSBEBLSSTLaOOBEaaBlcnaeEEReeaaBERABATTIGACATGGACCAACCCAAGTATTAAGAGTGTTATAATACTAAAATATAACATTCAATATAGGACCAAAGATGCCTCAACTIGGAGCCAGATTCCTCCIGAAGACACAGCATCCACCKLTRTNP§STKSVIT&tbkKYNIOQYRTKDASTWEEOTPPEDTASTAAGCTGACCTGGACCAACCCTTCCATCAAGTCCGTGATCATCCTGAAGTACAACATCCAGTACAGGACCAAGGATGCITCTACCTGGTCTCAGATCCCTCCIGAGGATACCGCTTCCACCKLTWTNPSIKSVIFBKYNIQ¥RTKDASTHWHSQ@TPPEDTAST

 
 
 

aiaaenGhlyermetSe
0ee
 

a0ee—-o-—-—_#904-9—~9-—009-09-0
 

Oe.008te0e.
 

CGATCTTCATTCACTGTCCAAGACCTIAAACCTTTTACAGAATATGTIGTTTAGGATTCGCTGTATGAAGGAAGATGGTAAGGGATACTGGAGTGACTGGAGTGAAGAAGCAAGTGGGATCRS$SFTVQODGKPFTEF¥YVFROIRCMKEDGKGYWS$DWSEEASGIAGATCCAGCTTCACAGTGCAGGACCTGAAGCCTITTACCGAGTACGTGTTCAGGATCCGGTGCATGAAGGAGGATGGCAAGGGCTATTGSTCTGACTGGTCIGAGGAGGCTICTGGCATCRsS$FTVQO0BLKPFTE¥VFRIRCMKEDGK©¥RWSDHSEEAS$GTaeRtiertnBaRePsmEORRiceesOREee
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Bgp130Fc_wtegpl30Fc_optegp130Fe_wtsgpl30Fe_optsgpl30Fc_wetsgpi30Fc_optsgp130Fe_wt6gpl30Fe_opt
4962#961#1081#1081#21201#2202#1321#1321

ACCTATGAAGATAGACCATCTAAAGCACCAAGTTTCTIGGTATAAAATAGATCCATCCCATACTCAAGGCTACAGAACTGTACAACTCGTGTGGAAGACATTGCCTCCTYTTGAAGCCAATTYEDR®SKAPSFWYKIDPSKTOGYRTV¥@LVWKTLPPPEANACCTACGAGGACAGACCITCTAAGGCCCCTAGCTTCTGGTACAAGATCGACCCTTCTCACACCCAGGGCTATAGAACAGTGCAGCTGGTGTGGAAAACCCTGCCTCCATTCGAGGCTAATTY£€DRPSKAPSFW¥KiODPSKHTQGY¥RTVQhVVWKTFBFPPFEAN 

OOOt88GGAAAAATCTTGGATTATGAAGTGACTCTCACAAGATGGAAATCACATTTACAAAATTACACAGTTAATGCCACAAAACTGACAGTAAATCTCACAAATGATCGCTATCTAGCAACCCTAGKILDYEVTLTRWKSHLQNYTVNATKELTYNLTNDR¥LATLGGCAAGATCCTGGACTATGAGGTGACCCTGACCAGATGGAAGTCTCACCTGCAGAACTACACCGTGAACGCTACCAAGCTGACCGTGAACCTGACCAACGATAGATACCTGGCTACCCTGGKtILDYEVTLTRWKSHLONYTVNATKLTVNETNDRYLATL
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OOOOee00088ACAGTAAGAAATCTTGTTGGCAAATCAGATGCAGCTGTTTTAACTATCCCTGCCTGTGACTTTCAAGCTACTCACCCTGTAATGGATCTTAAAGCATTCCCCAAAGATAACATGCTITGGTvVRNLVGkK§DAAVLTTPACDFOATHPVMDLKAFPKDNMLWACCGTGAGAAATCTGGTGGGCAAGTCTGATGCTGCTGTSCTGACCATCCCTGCCTGTGATTTTCAGGCTACCCACCCTOTGATGGATCTGAAGGCCITCCCCAAGGATAACATGCTGTGGTVRNLVGKSDAAVLTIPACDFQATHPYMDLKAFPKBNMLW 

aaleaGTIGGAATGGACTACTCCAAGGGAATCTGTAAAGARATATATACTTGAGTGGIGTGTGTTATCAGATAAAGCACCCTGTATCACAGACTGGCAACAAGAAGATGGTACCGTGCATCGCACCVvEwTTPRESVKK¥TILEWCVLSDKAPCITOWQQEDRDCGTVHRTGTGGAGTGGACAACACCTAGAGAGTCCGTGAAGAAGTACATCCTGGAGTGGTGCGTGCTIGTCTGATAAGGCCCCTTGCATCACAGATTGGCAGCAGGAGGATGGCACCGTGCATAGAACCvoEWTTPRESVKKYTLEWCVL§DKAPCTTDWQgEDRDGTVYHRT 
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TATTIAAGAGGGAACTTAGCAGAGAGCAAATGCTATTICATAACAGTTACTCCAGTATATGCTGATGGACCAGGAAGCCCTGAATCCATAAAGGCATACCTTAAACAAGCTCCACCTICCYLRGNLAESKC¥LITYTPVYADGP@SPEStLKAYLKQAPPSTACCTGAGAGGCAATCTGGCCGAGTCTAAGTGCTATCTGATCACCGTGACCCCIGIGTATGCTGATGGACCIGGCTCT¢¢TGAGTCTATCAAGGCCTACCTGAAGCAGGCTCCTCCATCTYURGNUaAESKC¥LITTVTPVYADGEeCSPESftKAYLKOAPPS
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~#—9000—299—_4.43—0--~_»-—0—«AAAGGACCTACTGTTCGGACAAAAAAAGTAGGGAAAAACGAAGCTGTCTTAGAGTGGGACCAACTTCCTGTTGATGTTICAGAATGGATTTATCAGAAATTATACTATATTTTATAGAACCKGPTVRTKXVGKNEAVLEWDQLUPYVYDvguncgFRFtiIRNYTIFyReTtAAGGGACCTACCGTGAGGACAAAGAAGGTGGGCAAGAACGAGGCTGTGCTGGAGTGGGATCAGCTGCCTGTGGATGTGCAGAACGGCTTCATCCGGAACTACACCATCTTCTACQGCACCKGPTVRTKKVGKNE€AVLBEWDQtuevyDY¥@QNGFtRNYTIFYRT 

naeaaaaamenniteA108ahena,netpImaySaanmrHai
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teee9a8eeATCATIGGAAATGAAACTGCTGTGAATGTGGATTCTTCCCACACAGAATATACATTGTCCTCTITGACTAGTGACACATTGTACATGGTACGAATGGCAGCATACACAGATGAAGGTGGGIrGNETAVNVDSSHTEYTLSSLTSDTLYMVRMAAYTDBEQOGATCATCGGCAATGAGACCGCCGTGAACGTGGATICTTCCCACACCGAGTACACACTIGTCCTCTCTGACCTCTGACACCCTGTACATGGTGAGAATGGCCGCTTATACCGATGAGGGCGGCIoIgcn&€&TAVNVDSS$HTEYTLSSLTSDTLYMVRMAAYTDEGO|A
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ehcellmciOmetceOOOeAAGGATGGICCAGKATICAGATCTTGTGACAAAACTCACACATGCCCAC®GTGCCCAGCACCTGAAGCCGAGGGCGCGCCGTCAGTCTTCCTCTTCCCCCCARAACCCAAGGACACCCTCKDGPEFR§$CDKTHTCPPCPAPEAEGAPSVFLFPPKPKDTLAAGGATGGACCIGAGTICAGATCCTGCGACAAGACCCACACCIGTCCTCCTIGPCCYGCTCCPGAGGCTGAGGGCGCTCCTTCTGTGTITCTGTTCCCCCCARAGCCTAACCATACCCTGKbGPEFPFRS$CDKTHTCPPCPAPEAEGAPSVFLFPPKPKDTLtienes
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ATGATCTCCCGGACCCCIGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGMIsRTPEVTCVVYVVODVSHEDPEVKFNWYVDGVEVHNAKTXKBATGATCTCCAGAACCCCTGAGGTGACATGTGTGGTGGTGGATGTGTCTCATGAGGACCCCGAGGTGAAGTTCAACTGGTACGTGGATGGCGIGGAGGTGCACAATGCTAAGACCAAGCCTMtsRTPEVTCVV¥VVDVYS$HEDPEVKFNWYVDG\VYVEVHNAKTKP
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 teOO0meCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTcccaGccceccREEQ¥NSTYRVVYVSVvLTVYLKQBDWLNGKE¥YKCKVENKALPAPAGGGAGGAGCAGTACAACTCCACCTACAGAGIGGTGTCTGTGCTGACAGTGCTGCATCAGGATTGGCTGAACGGCAAGGAGTACAAGTGCAAGGIGTCCAACAAGGCTCTGccTaCcTccTREEQYNSTYRVVSV¥LTVLHQBDWELNGKE¥KCKVSNKALPAP
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 ATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCIEXTIsKAXKGQ@PREPQV¥TLPPSREEOMTKWQVSLTCLVKGATOGAAAAGACCATCTCCAAGGCTAAGGGACAGCCTAGAGAGCCTCAGGTGTACACACTGCCTCCATCTAGGGAGGAGATGACCAAGAATCAGGTGTCCCTGACCTGTCTGGTGAAGGGCIEKTvS565KAKGQPREPQVY¥TLPPSREEMTKNQVSSLTELVKG
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GTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAATGAvVvpDKSRWQQGNvVFScSVMREALHNH¥TQKSLS&SLSPCK,GOTGGACAAGTCTAGATCGGCASCAGGGCAACGIGTTCTCTTGITCCGTGATGCACGAGGCTCTGCACAATCACTATACCCAGAAGTCCCTGTCTCTGTCTCCTIGGCAAGTGAvpDKsRWQQ@GRNVFSCC§VMHEALHNH¥TQKSLS&SLSPGK. 
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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 useful 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-1]

and DNAencoding various forms of IL-11 activity are described in Bennett, ef

al., USPN 5,215,895 (June 1, 1993); McCoy, er al., USPN 5,270,181
(December 14, 1993): and McCoy,et al., USPN 5.292,646 (March 8, 1994),
all incorporated herein by reference. Thus, the term "IL-1]" 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.
1L-11 is a pleiotropic cytokine that has been implicated in production of

several biological activities including: induction of multipotential hematopoietic

Progenitor cell proliferation (Musashi et al. (1991) Blood. 78, 1448-1451).
enhancement of megakaryocyte and platelet formation (Burstein ei al. (1992) J.

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

adipocyte lipoprotein lipase activity (Kawashimaet 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 ofcells 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 immunecell 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 treatment with

presently available drugs.

Like most cytokines, IL-1] exhibits certain biological activities by

interacting with an IL-1] 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 IL-1] binding to the

receptor and receptor signalling.

to
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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

(c)} 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 nucleotide 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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hybridizing 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

5 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

10 to 365;

(d) 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 (fp the amino acid sequence of SEQ ID NO:2 from amino acids 112

to 365; and .

(2) fragments of (a)-(f) having a biological activity of the human IL-

11 receptor.

Host cells, preferably mammalian cells, transformed with the

20 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-11]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;

(c) the amino acid sequence of SEQ ID NO:2 from amino acids 24

10 to 365;

(d) 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 aminoacids 112

to 422;

15 (f) 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. 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 [D 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.

Methodsofidentifying an inhibitor of IL-11 binding to the human [L-11

receptor are also provided. These methods comprise:

5 (a) combining a human [L-11R protein or a fragment thereof with

1L-11 or a fragmentthereof, 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;

(c) combining a compound with the protein and the IL-11 or

10 fragment to form a second binding mixture;

(d) measuring the amountof binding in the second binding mixture:

and

(e) comparing the amountofbindingin 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 mixture may

further comprise gp130 or a fragmentthereof 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.

Methodsofinhibiting binding of IL-1! to the human IL-I1 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.

Methodsof 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-1] receptor (human IL-

11R).

15 SEQ ID NO:1 provides the nucleotide sequence of acDNA 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 24-422

of SEQ ID NO:2.

20 The mature receptor hasat 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 ID NO:2). The extracellular domainis 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 NO:2).

Soluble forms of human IL-11R protein can also be produced. Such

soluble formsinclude withoutlimitation 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 ofless than full length may be produced by expressing

a corresponding fragment ofthe polynucleotide encodingthe 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 uponsimilarity to the structure ofthe IL-6 receptor. it is predicted

that IL-11R proteins containing only the type-I cytokine domain of the

extracellular region of the full length receptor will be capable of binding IL-}]

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
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acids 112 to 390 of SEQ ID NO:2, and IL-11R proteins comprising aminoacids

112 to 422 of SEQ ID NO:2 are provided by the 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:] 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"ifit possess one or moreofthe 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 suchsignal 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 Kp of about 0.1 to about 100 nM, most

preferably with a Kp 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 MEP, 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-11R 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 byvirtue of the degeneracy of

the genetic code are also encompassed by the present invention. Variations in

the nucleotide sequence asset forth in SEQ ID NO:1 which are caused by point

mutations or by induced modifications are also included in the invention.

The isolated polynucleotides of the invention may be operably linked to

an expression control sequence such as the pMT2 or pED expression vectors

disclosed in Kaufman et al., Nucleic Acids Res. 19, 4485-4490 (1991), in order

to produce the human IL-11R protein recombinantly. Many suitable expression

control sequences are known in the art. General methods of expressing
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recombinant proteins are also known and are exemplified in R. Kaufman,

Methods in Enzymology 185, 537-566 (1990). As defined herein "operably

linked" means enzymatically or chemically ligated to form a covalent bond

between the isolated polynucleotide of the invention and the expression control

5 sequence, in such a way that the human IL-11R protein is expressed by a host

cell which has been’ transformed (transfected) with the ligated

polynucleotide/expression contro] sequence.

A numberof types of cells may act as suitable host cells for expression

of the human IL-11R protein. Any cell type capable of expressing functional

10 human IL-11R protein may be used. Suitable mammalian host cells include,

for example, monkey COScells, Chinese Hamster Ovary (CHO) cells, human

kidney 293 cells, human epidermal A431 cells, human Colo205 cells, 3T3 cells,

CV-1 cells, other transformed primate cell lines, normal diploid cells, cell

strains derived from in vitro culture of primary tissue, primary explants, HeLa
 

15 cells, mouse L cells, BHK, HL-60, U937, HaK, Rat2, BaF3, 32D, FDCP-1,

PC12, M1x or C2C12 cells.

The human IL-11R protein may also be produced by operably linking

the isolated polynucleotide of the invention to suitable control sequences in one

or more insect expression vectors. and employing an insect expression system.

20 Materials and methods for baculovirus/insect cell expression systems are

commercially available in kit form from, e.g., Invitrogen, San Diego,

California, U.S.A. (the MaxBac® kit), and such methods are well known in the

art. as described in Summers and Smith, Texas Agricultural Experiment Station

Bulletin No. 1555 (1987), incorporated herein by reference. Soluble forms of
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the human IL-11R protein may also be produced in insect cells using

appropriate isolated polynucleotides as described above.

Alternatively, the human JL-11R protein may be produced in lower

eukaryotes such as yeast or in prokaryotes such as bacteria. Suitable yeast

strains include Saccharomyces cerevisiae, Schizosaccharomyces pombe,

Kluyveromyces strains, Candida, or any yeast strain capable of expressing

heterologous proteins. Suitable bacterial strains include Escherichia coli,

Bacillus subtilis, Salmonella typhimurium, or any bacterial strain capable of

expressing heterologous proteins.

Expression in bacteria may result in formation of inclusion bodies

incorporating the recombinant protein. Thus, refolding of the recombinant

protein may be required in order to produce active or more active material.

Several methods for obtaining correctly folded heterologous proteins from

bacterial inclusion bodies are known in the art. These methods generally

involve solubilizing the protein from the inclusion bodies, then denaturing the

protein completely using a chaotropic agent. When cysteine residues are

present in the primary amino acid sequence of the protein, it is often necessary

to accomplish the refolding in an environment which allows correct formation

of disulfide bonds (a redox system). General methods of refolding are disclosed

in Kohno, Meth, Enzym., 185:187-195 (1990). EP 0433225 and copending

application USSN 08/163,877 describe other appropriate methods.

The human JL-11R protein of the invention may also be expressed as a

product of transgenic animals, e.g., as a component of the milk of transgenic
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cows, goats, pigs, or sheep which are characterized by somatic or germ cells

containing a polynucleotide sequence encoding the human IL-11R protein.

The human IL-11R protein of the invention may be prepared by growing

a culture transformed host cells under culture conditions necessary to express

5 the desired protein. The resulting expressed protein may then be purified from

the culture medium or cell extracts. Soluble forms of the human IL-11R

protein of the invention can be purified from conditioned media. Membrane-

bound forms of human IL-11R protein of the invention can be purified by

preparing a total membrane fraction from the expressing ceil and extracting the

10 membranes with a non-ionic detergent such as Triton X-100.

The human IL-11R protein can be purified using methods known to

those skilled in the art. For example, the human IL-11R protein of the

invention can be concentrated using a commercially available protein

concentrationfilter, forexample, an Amicon or Millipore Pellicon ultrafiltration

15 unit. Following the concentration step, the concentrate can be applied to a

purification matrix such as a gel filtration medium. Alternatively, an anion

exchange resin can be employed, for example, a matrix or substrate having

pendant diethylaminoethy] (DEAE) or polyetheyleneimine (PEI) groups. ‘ The

matrices can be acrylamide, agarose, dextran, cellulose or other types

20 commonly employed in protein purification. Alternatively, a cation exchange

step can be employed. Suitable cation exchangers include various insoluble

matrices comprising sulfopropyl or carboxymethyl groups. Sulfopropyl groups

are preferred (e.g., S-Sepharose® columns). The purification of the human IL-

11R protein from culture supernatant may also include one or more column

13
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steps over such affinity resins as concanavalin A-agarose, heparin-toyopearl®

or Cibacrom blue 3GA_ Sepharose®; or by hydrophobic interaction

chromatography using such resins as phenyl ether, butyl ether, or propyl ether;

or by immunoaffinity chromatography. Finally, one or more reverse-phase high

performance liquid chromatography (RP-HPLC) steps employing hydrophobic

RP-HPLC media, e.g., silica gel having pendant methyl or other aliphatic

groups, can be employedto further purify the human [L-i1R protein. Affinity

columns including IL-11 or fragments thereof or including antibodies to the IL-

11R protein can also be used in purification in accordance with known methods.

Someorall of the foregoing purification steps, in various combinations or with

other known methods, can also be employed to provide a substantially purified

isolated recombinant protein. Preferably, the isolated human IL-11R protein

is purified so thatit is substantially free of other mammalian proteins.

Human IL-11R proteins of the invention mayalso be used to screen for

agents which are capable of binding to human IL-11R or interfere with the

binding of IL-1] to the human IL-11R (either the extracellular or intracellular

domains) and thus mayact as inhibitors of normal binding and cytokine action

(L-11R_ inhibitors). Binding assays using a desired binding protein,

immobilized or not, are well known in the art and may be used for this purpose

using the human IL-11R protein of the invention. Purified cell based or protein

based (cell free) screening assays may be used to identify such agents. For

example. human IL-11R protein may be immobilized in purified form on a

carrier and binding to purified human IL-11R protein may be measured in the

presence and in the absence of potential inhibiting agents. A suitable binding

14
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assay may alternatively employ a soluble form of human IL-11R of the

invention.

In such a screening assay, a first binding mixture is formed by

combining IL-11 or a fragment thereof and human IL-11R protein, and the

5 amount of binding in the first binding mixture (B,) is measured. A second

binding mixture is also formed by combining IL-11 or a fragment thereof,

human IL-11R protein, and the compound or agent to be screened, and the

amountof bindingin the second binding mixture (B) is measured. The amounts

of binding in the first and second binding mixtures are compared, for example,

10 by performing a calculation of the ratio B/B,. A compound or agent is

considered to be capable of inhibiting binding if a decrease in binding in the

second binding mixture as compared to thefirst binding mixture is observed.

Optionally, gp130 can be added to one or both of the binding mixtures. The

formulation and optimization of binding mixtures is within the level of skill in

15 the art, such binding mixtures may also contain buffers and salts necessary to

enhance or to optimize binding, and additional control assays may be included

in the screening assay of the invention.

Compounds found to reduce the binding activity of human IL-11R

protein to IL-11 or its fragment to any degree, preferably by at least about

20 10%, more preferably greater than about 50% or more, may thusbe identified

and then secondarily screened in other binding assays and in vivo assays. By

these means compounds having inhibitory activity for IL-11R binding which

may be suitable as therapeutic agents may be identified.
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Human JL-11R proteins, and polynucleotides encoding them, may also

be used as diagnostic agents for detecting the expression or presence of IL-11R,

IL-11 or cells expressing [L-11R or IL-1]. The proteins or polynucleotides

may be employed for such purpose in standard procedures for diagnostics

assays using these types of materials. Suitable methods are well known to those

skilled in the art.

Human IL-11R acts as a mediator of the known biological activities of

IL-11. Asa result, isolated human IL-11R protein and FL-11R inhibitors may

be useful in treatment or modulation of various medical conditions in which IL-

11 is implicated or which are effected by the activity (or lack thereof) of IL-1]1

(collectively "IL-11-related conditions"). IL-1l-related conditions include

without limitation immune deficiencies, specifically deficiencies in

hematopoietic progenitor cells, or disorders relating thereto, 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 immunecell or hematopoietic cell

deficiency following a bone marrow transplantation.

It is also believed that IL-1} and IL-11R mayplay a role in the

regulation of bone maturation and repair (Girasole et al. (1994) J. Clin. Invest.

93, 1516-1524; Passeri et al. (1992) J. Bone Miner. Res.. 7(S1), S110 Abst:

Passeri et al. (1993) J. Bone Miner. Res., 8(S1), $162 Abst. ). As a result,

human IL-11!R protein and IL-11R inhibitors may be useful in treatment of bone

loss (including that associated with osteoporosis, post-menopausal osteoporosis.
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senile osteoporosis, idiopathic osteoporosis, Pagets disease, multipe myeloma,

and hypogonadal conditions).

Human JL-11R protein and IL-11R inhibitors, purified from cells or

recombinantly produced, may be used as a pharmaceutical composition when

5 combined with a pharmaceutically acceptable carrier. Such a composition may

contain, in addition to human IL-11R or ligand and carrier, dilvents, fillers,

salts, buffers, stabilizers, solubilizers, and other materials well known in the

art. The term “pharmaceutically acceptable" means a non-toxic material that

does not interfere with the effectiveness of the biological activity of the active

10 ingredient(s). The characteristics of the carrier will depend on the route of

administration.

The pharmaceutical composition of the invention may also contain

cytokines, lymphokines, or other hematopoietic factors such as M-CSF, GM-

CSF, IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, [L-10, IL-11, IL-12,

15 IL-15, G-CSF, stem cell factor, and erythropoietin. The pharmaceutical

composition may contain thrombolytic or anti-thrombotic factors such as

plasminogen activator and Factor VIII. The pharmaceutical composition may

further contain other anti-inflammatory agents. Such additional factors and/or

agents may be included in the pharmaceutical composition to produce a

20 Synergistic effect with isolated human IL-]]R protein or IL-11R inhibitor, or

to minimize side effects caused by the isolated human IL-11R or IL-1]1R

inhibitor. Conversely, isolated human IL-11R or IL-]1R inhibitor may be

included in formulations of the particular cytokine, lymphokine. other

hematopoietic factor. thrombolytic or anti-thrombotic factor. or anti-
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inflammatory agent to minimize side effects of the cytokine, lymphokine, other

hematopoietic factor, thrombolytic or anti-thrombotic factor, or anti-

inflammatory agent.

The pharmaceutical composition of the invention may be in the form of

a liposome in which isolated human IL-11R protein or IL-11R inhibitor is

combined, in addition to other pharmaceutically acceptable carriers, with

amphipathic agents such as lipids which exist in aggregated form as micelles,

insoluble monolayers, liquid crystals, or lamellar layers which in aqueous

solution. Suitable lipids for liposomal formulation include, without limitation,

monoglycerides, diglycerides, sulfatides, lysolecithin, phospholipids, saponin,

bile acids, and the like. Preparation of such liposomal formulations is within

the level] of skill in the art, as disclosed, for example, in U.S. Patent No.

4,235,871; U.S. Patent No. 4,501,728; U.S. Patent No. 4,837,028; and U.S.

Patent No. 4,737,323, all of which are incorporated herein by reference.

As used herein, the term "therapeutically effective amount” means the

total amount of each active component of the pharmaceutical composition or

method thatis sufficient to show a meaningful patient benefit, e.g., amelioration

of symptomsof, healing of, or increase in rate of healing of such conditions.

Whenapplied to an individual active ingredient, administered alone. the term

refers to that ingredient alone. When applied to a combination, the term refers

to combined amounts of the active ingredients that result in the therapeutic

effect, whether administered in combination, serially or simultaneously.

In practicing the method of treatment or use of the present invention. a

therapeutically effective amount of isolated human IL-11R protein or IL-11R

18
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inhibitor is administered to a mammal. Isolated human IL-11R protein or IL-

11R inhibitor may be administered in accordance with the method of the

invention either alone or in combination with other therapies such as treatments

employing cytokines, lymphokines or other hematopoietic factors. When co-

3 administered with one or more cytokines, lymphokines or other hematopoietic

factors, human JL-11R protein or IL-11R inhibitor may be administered either

simultaneously with the cytokine(s), lymphokine(s), other hematopoietic

factor(s), thrombolytic or anti-thrombotic factors, or sequentially. If

administered sequentially, the attending physician will decide on the appropriate

10 sequence of administering human IL-11R protein or IL-11R inhibitor in

combination with cytokine(s), lymphokine(s), other hematopoietic factor(s).

thrombolytic or anti-thrombotic factors.

Administration of human 1L-11R protein or IL-11R inhibitor used in the

pharmaceutical composition or to practice the method of the present invention

15 can be carried out in a variety of conventional ways, such as oral ingestion,

inhalation, or cutaneous, subcutaneous, or intravenous injection. Intravenous

administration to the patient is preferred.

Whena therapeutically effective amount of human IL-11R protein or IL-

11R inhibitor is administered orally, human IL-11R protein or 1L-11R inhibitor

20 will be in the form of a tablet, capsule, powder. solution or elixir. When

administered in tablet form, the pharmaceutical composition of the invention

may additionally contain a solid carrier such as a gelatin or an adjuvant. The

tablet, capsule, and powder contain from about 5 to 95% human IL-11R protein
or IL-11R inhibitor, and preferably from about 25 to 90% human IL-1]1R

19
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protein or IL-11R inhibitor. When administered in liquid form, a liquid carrier

such as water, petroleum, oils of animal or plant origin such as peanutoil,

mineral oil, soybean oil, or sesame oil, or synthetic oils may be added. The

liquid form of the pharmaceutical composition may further contain physiological

saline solution, dextrose or other saccharide solution, or glycols such as

ethylene glycol, propylene glycol or polyethylene glycol. When administered

in liquid form, the pharmaceutical composition contains from about 0.5 to 90%

by weight of human IL-11R protein or IL-11R inhibitor. and preferably from

about 1 to 50% human IL-11R protein or IL-11R inhibitor.

Whena therapeutically effective amount of human IL-11R protein or IL-

11R inhibitor is administered by intravenous, cutaneous or subcutaneous

injection, human IL-11R protein or 1L-11R inhibitor will be in the form of a

pyrogen-free, parenterally acceptable aqueous solution. The preparation of such

parenterally acceptable protein solutions, having due regard to pH, isotonicity,

stability, and the like, is within the skill in the art. A preferred pharmaceutical

composition for intravenous, cutaneous, or subcutaneous injection should

contain, in addition to human IL-11R protein or IL-11R inhibitor an isotonic

vehicle such as Sodium Chloride Injection, Ringer’s Injection. Dextrose

Injection, Dextrose and Sodium Chloride Injection, Lactated Ringer’s Injection,

or other vehicle as known in the art. The pharmaceutical composition of the

present invention may also contain stabilizers, preservatives. buffers,

antioxidants, or other additive known to those ofskill in the art.

The amount of human IL-11R protein or IL-11R inhibitor in the

pharmaceutical composition of the present invention will depend uponthe nature

20
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and severity of the condition being treated, and on the nature of prior treatments

which the patient has undergone. Ultimately, the attending physician will

decide the amount of human IL-11R protein or IL-11R inhibitor with which to

treat each individual patient. Initially, the attending physician will administer

5 low doses of human IL-11R protein or IL-11R inhibitor and observe the

patient’s response. Larger doses of human IL-11R protein or IL-11R inhibitor

may be administered until the optimal therapeutic effect is obtained for the

patient, and at that point the dosage is not generally increased further. It is

contemplated that the various pharmaceutical compositions used to practice the
10 method of the present invention should contain about 0.1 Lg to about 100 mg

of human IL-11R protein or IL-11R inhibitor per kg body weight.

The duration of intravenous therapy using the pharmaceutical

composition of the presentinvention will vary, depending on the severity of the

disease being treated and the condition and potential idiosyncratic response of

15 each individual patient. It is contemplated that the duration of each application

of the human IL-11R protein or IL-11R inhibitor will be in the range of 12 to

24 hours of continuous intravenous administration. Ultimately the attending

physician will decide on the appropriate duration of intravenous therapy using

the pharmaceutical composition of the present invention.

20 Human IL-11R proteins of the invention may also be used to immunize

animals to obtain polyclonal and monoclonal antibodies which specifically react

with the human IL-1IR protein and which may inhibit binding of [L-11 or

fragments thereof to the receptor. Such antibodies may be obtained using the

entire human 1L-11R as an immunogen,or by using fragments of human IL-

21
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11R, such as the soluble mature human IL-11R. Smaller fragments of the

human JL-11R may also be used to immunize animals. The peptide

immunogens additionally may contain a cysteine residue at the carboxyl

terminus, and are conjugated to a hapten such as keyhole limpet hemocyanin

(KLH). Additional peptide immunogens may be generated by replacing

tyrosine residues with sulfated tyrosine residues. Methods for synthesizing such

peptides are known in the art, for example, as in R.P. Merrifield.

 
J.Amer.Chem.Soc. 85, 2149-2154 (1963), J.L. Krstenansky. et al., FEBS Lett.

211, 10 (1987).

Neutralizing or non-neutralizing antibodies (preferably monoclonal

antibodies) binding to human IL-11R protein may also be useful therapeutics for

certain tumors and also in the treatment of conditions described above. These

neutralizing monoclonal antibodies may be capable of blocking IL-11 binding

to the human IL-11R.

Example 1

Isolation of Human IL-11R cDNA

Generation of DNA Probes:

DNAprobes derived from the murine Etl-2 sequence (SEQ ID NO:3)

were obtained by PCR from murine placenta cDNA. The amino terminal probe

corresponds to base pairs 418-570 and the carboxy terminal probe to base pairs

847- 1038 of the murine Etl-2 sequence. The DNA probes were gel purified

and radiolabeled using #32P-dATP and a32P-dCTP.
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cDNA Library Screening:

cDNA was generated from activated human PBMCusing the Superscript
Choice System and cloned into the EcoR1 site of ZAP II (Stratagene). The

resulting phage were used to infect E. coli strain BB4. One million phage were

5 plated on 150 mm NZCYMplates at a density of 15000 pfu/plate. Plaques

were transferred to duplicate Duralose nitrocellulose filters (Stratagene).

Following alkali denaturation and heat fixation the filters were pre-hybridized

in 5X SSC, 5X Denhardts, 0.1% SDS, and 50 ug/ml yeast tRNA for 2 hours

at 65°C. Onesetof filters was hybridized with the amino-terminal probe and

10 the other set with the carboxy-terminal probe (5 x 105 cpm/ml) for 48 hrs at

55°C in pre-hybridization buffer. The filters were washed with 4X SSC, 0.1%

SDS once at 25°C and twice at 55°C. Plaques that hybridized to both probes

were identified by autoradiography.

Of the one million plaques screened two plaques hybridized to both of

15 the probes. These plaques were picked and the phage eluted into SM media

containing chloroform. Theresulting phage were used to reinfect E. coli strain

BB4 and plated on NZCYM plates at a density of 100-300 pfu/plate for a

secondary screen.

Following the secondary screen plasmid DNA was isolated from the

20 ZAPII plaques by excision using helper phage (Stratagene). The DNA

sequence of the imserts was determined on an Applied Biosystems DNA

sequencer.

Ia ad
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Clone phIL11R14-2 containing the polynucleotide having the sequence

of SEQ ID NO:1 was deposited with ATCC at accession number on

December 22, 1994.

Example 2

Expression of Soluble Human IL-11R Protein and

Assay of Activity

A soluble form of human IL-11R protein was expressed in mammalian

cells. The expresssed recombinant protein was capable of transducing a signal

in BAF130-9 cells.

A portion of the full length human IL-11R sequence (nucleotides 734-

1828 of SEQ ID NO:1 encoding amino acids 1-365 of SEQ ID NO:2)

corresponding to a soluble form was cloned into the mammalian expression

vector pED and used to transfect COSM6cells. 40 hours after transfection

conditioned media was removed, concentrated 5 fold and used in proliferation

assays with the murine cell line BAF130-9 (Hibi, M. et al. (1990) Cell 63,

1149-57), a derivative of the BAFBO3 cell line expressing the human gp130

signal transducer. BAF130-9 cells do not proliferate in response to IL-1,1 or

IL-6 alone, but do proliferate in response to a combination of IJ.-6 and soluble

IL-6R (Hibi et al., supra). BAF130-9 cells (1x10* cell in 0.1m) were cultured

in RPMI 1640 medium/10% FCSwith increasing concentrations of recombinant

human IL-11 in the absence or presence of 10 xl of conditioned media from

mock transfected cells or cells transfected with the soluble human IL-11R

sequence. After forty hours the cells were pulse-labeled with 4H-thymidine (0.5

24
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uCi/well) for eight hours and incorporated nucleotide was determined. As

shown in Figure 2, BAF130-9 cells do not proliferate in response to [L-11 or

soluble IL-11R alone, but deo proliferate in the presence of both IL-11 and

soluble IL-11R.

5 Other human IL-11R proteins can be tested in this model to determine

whether they exhibit a “biological activity” of human IL-11R as defined herein.

Example 3

Other Systems for Determination Biological Activity of Human JL-1]R

10 Protein

Other systems can be used to determine whether a specific human IL-

11R protein exhibits a “biological activity” of human IL-11R as defined herein.

The following are examples of such systems.

15 Assays for JL-11 Binding

The ability of a human IL-11R protein to bind IL-11 or a fragment

thereof can be determine by any sutiable assays which can detect such binding.

Somesuitable examples follow.

Binding of IL-11 to the extracellular region of the human IL-11R protein

20 will specifically cause a rapid induction of phosphotyrosine on the receptor

protein. Assays for ligand binding activity as measured by induction of

phosphorylation are described below.

Alternatively, a human IL-11R protein (such as, for example. a soluble

formof the extracellular domain) is produced and used to detect IL-11 binding.

25

Ex. 2001 - Page221



Ex. 2001 - Page222

WO 96/19574

15

20

PCT/US95/13400

For example, a DNA construct is prepared in which the extracellular domain

(truncated prior, preferably immediately prior, to the predicted transmembrane

domain) is ligated in frame to a cDNA encoding the hinge C,2 and C,3

domains of a human immunoglobulin (Ig) yl. This construct is generated in

an appropriate expression vector for COS cells, such as pEDAC or pMT2. The

plasmidis transiently transfected into COScells. The secreted IL-11R-Ig fusion

protein is collected in the conditioned medium and purified by protein A

chromatography.

The purified IL-11R-lg fusion protein is used to demonstrate IL-11
binding in a number of applications. IL-11 can be coated onto the surface of

an enzyme-linked immunosorbent assay (ELISA) plate, and then additional

binding sites blocked with bovine serum albumin or casein using standard

ELISA buffers. The IL-11R-Ig fusion protein is then bound to the solid-phase

IL-11, and binding is detected with a secondary goat anti-human Ig conjugated

to horseradish peroxidase. The activity of specifically bound enzyme can be

measured with a colorimetric substrate, such as tetramethyl benzidine and

absorbance readings.

IL-11 may also be expressed on the surface of cells. for example by

providing a transmembrane domain or glucosyl phosphatidyl! inositol (GP!)

linkage. Cells expressing the membrane bound IL-11 can be identified using

the IL-11R-Ig fusion protein. The soluble IL-11R-Ig fusion is bound to the

surface of these cells and detected with goat anti-human Ig conjugated to a

fluorochrome, such as fluorescein isothiocyanate and flow cytometry.
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Interaction Trap

A yeast genetic selection method, the “interaction trap” [Gyuriset al,

Celi 75:791-803, 1993], can be used to determine whether a human IL-11R

protein has a biological activity of human IL-11R as defined herein. In this

Re) system, the expression of reporter genes from both LexAop-Leu2 and

LexAop-LacZ relies on the interaction between the bait protein, for example in

this case a species which interacts with huamn IL-11R, and the prey. for

example in this case the human IL-11R protein. Thus, one can measure the

strength of the interaction by the level of Leu2 or LacZ expression. The most
10 simple method is to measure the activity of the LacZ encoded protein.

G-galactosidase. This activity can be judged by the degree of blueness on the

X-Gal containing medium orfilter. For the quantitative measurement of

@-galactosidase activity, standard assays can be found in “Methods in Yeast

Genetics” Cold Spring Harbor, New York, 1990 (by Rose, M.D., Winston, F.,

15 and Hieter, P.).

In such methods, if one wishes to determine whether the human IL-1i1R

protein interacts with a particular species (such as, for example. a cystoslic

protein which binds to the intracellular domain of the human IL-11R in vivo),

that species can be used as the "bait" in the interaction trap with the human IL-

20 11R protein to be tested serving as the "prey", or vice versa.

CAT Induction System

Transcription of acute phase plasma protein genes. such as the rat

B-fibrinogen gene, is activated by IL-11 in a variety or cell lines. In one

27
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exemplary system, COSM6cells are cotransfected with plasmids encoding the

human IL-11R protein (such as the full length human [L-11R or a soluble form

thereof), the human gp!30 signal transducer and a reporter gene containing the

350 base pair promoter region of the rat b-fibrinogen gene fused to a reporter

gene, CAT (Baumann et al. (1991) J. Biol. Chem. 266, 20424-27). The cells

are stimulated with increasing concentrations of recombinant human IL-11 and

transcription of the reporter gene is monitored by assaying for the presence of

CATactivity.

Phosphorylation of gp130

Activity may also be determined by examining the ability of IL-11 to

induce tyrosine phosphorylation of gp130 in cells transfected with a sequence

encoding the human IL-11R protein (such as the full length human IL-11R or

a soluble form thereof) (Luttcken et al. (1994) Science 263, 89-92).

Phosphorylation of STATs

Activity may also be determined by examining the ability of IL-11 to

induce tyrosine phosphorylation of STATs(signal fransducers and activators of

transcription, a family of DNA binding proteins) in cells transfected with a

sequence encoding the human IL-11R protein (such as the full length human iL-

11R or a soluble form thereof) (Zhong et al. (1994) Science 264. 95-98).
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Phosphorylation of JAK Kinases

Activity may also be determined by examining the ability of IL-11 to

induce tyrosine phosphorylation of JAK kinases in cells transfected with a

sequence encoding the human IL-11R protein (such asthe full length human IL-

5 11R or a soluble form thereof) (Yin et al. (1993) J. Immunol. 151: 2555-61).

All patent and literature references cited herein are incorporated by

reference as if fully set forth.
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Whatis claimedis:

1. An isolated polynucleotide comprising a nucleotide sequence

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

code; and

(c) an allelic variant of the nucleotide sequence specified in (a).

2. The polynucleotide of claim 1 wherein said nucleotide

sequence encodesfor a protein having a biological activity of the human IL-

11 receptor.

3. The polynucleotide of claim 1 wherein said nucleotide

sequence is operably linked to an expression control sequence.

4. The polynucleotide of claim 2 comprising the nucleotide

sequence of SEQ ID NO:1 from nucleotide 803 to nucleotide 1999.

5. The polynucleatide of claim 2 comprising the nucleotide

sequence of SEQ ID NO:1 fromnucleotide 803 to nucleotide 1828 ora

fragment thereof.
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6. The polynucleotide of claim 2 comprising the nucleotide

sequence of SEQ ID NO:1 from nucleotide 1907 to nucleotide 1999 or a

fragment thereof.

7. The polynucleotide of claim 1 comprising the nucleotide

sequence of SEQ ID NO:1 from nucleotide 734 to nucleotide 1999.

8. The polynucleotide of claim 1 comprising the nucleotide

sequence of SEQ ID NO:1 from nucleotide 1067 to nucleotide 1828.

9. The polynucleotide of claim 1 comprising the nucleotide

sequence of SEQ ID NO:1 from nucleotide 1067 to nucleotide 1999.

10. A host cell transformed with the polynucleotide of claim 3.

1], The host cell of claim 8, wherein said cell is a mammalian

cell.

12. A process for producing a human IL-11R protein, said process

comprising:

(a) growing a culture of the host cell of claim 10 in a suitable

culture medium; and

(b) purifying the human IL-11R protein from the culture.
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13. An isolated human IL-11R 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 aminoacids

24 to 422;

(c) the amino acid sequence of SEQ ID NO:2 from amino acids

24 to 365;

(d) 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 aminoacids

102 to 422;

(f) the amino acid sequence of SEQ ID NO:2 from amino acids

102 to 365; and

(gz) fragments of (a)-(f) having a biological activity of the human

IL-11 receptor.

14. The protein of claim 13 comprising the amino acid sequence

of SEQ ID NO:2.

15. The protein of claim 13 comprising the sequence from amino

acid 24 to 365 of SEQ ID NO:2.

16. A pharmaceutical composition comprising a protein of claim

13 and a pharmaceutically acceptable carrier.
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17. A protein produced according to the process of claim 12.

18, A composition comprising an antibody which specifically

reacts with a protein of claim 13.

19. A method of identifying an inhibitor of IL-11 binding to the

human IL-11 receptor which comprises:

(a) combining a protein of claim 13 with IL-11 ora fragment

thereof, said combination forminga first binding mixture;

(b) measuring the amount of binding between the protein and the

IL-11 or fragmentin the first binding mixture:

(c) combining a compound with the protein and the IL-11 or

fragment to form a second binding mixture;

(d) measuring the amount of binding in the second binding
mixture; and

(e) comparing the amountof binding in the first binding mixture

with the amount of binding in the second binding mixture;

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.

20. The method of claim 19 wherein the first and second binding

mixture comprise gp130 or a fragment thereof capable of binding to the

protein of claim 13 or the 1L-11 or fragment used therein.
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21. An inhibitor identified by the method of claim 19.

22. A pharmaceutical composition comprising the inhibitor of

claim 21 and a pharmaceutically acceptablecarrier.

23. A method ofinhibiting binding of IL-11 to the human IL-11

receptor in a mammalian subject, said method comprising administering a

therapeutically effective amount of a composition of claim 22.

24. A method of inhibiting binding of IL-11 to the human IL-11

receptor in a mammalian subject, said method comprising administering a

therapeutically effective amount of a composition of claim 16.

25. A method of inhibiting binding of IL-11 to the human IL-11

receptor in a mammalian subject, said method comprising administering a

therapeutically effective amount of a composition of claim 18.

26. A method of treating or preventing loss of bone mass in a

mammalian subject, said method comprising administering a therapeutically

effective amount of a composition of claim 22.

27. A method of treating or preventing loss of bone mass in a

mammalian subject, said method comprising administering a therapeutically

effective amount of a composition of claim 16.

48

Ex. 2001 - Page244



Ex. 2001 - Page245

WO 96/19574 PCT/US95/15400

28. A methodoftreating or preventing loss of bone mass in a

mammalian subject, said method comprising administering a therapeutically
effective amountof a composition of claim 18.

29. Anisolated polynucleotide comprising a nucleotide sequence
capable of hybridizing under stringent conditions to polynucleotide of claim
4.

30. Anisolated polynucleotide 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;

(d) the amino acid sequence of SEQ ID NO:2 from aminoacids
391 to 422:

(e) the amino acid sequence of SEQ ID NO:2 from amino acids
112 to 422:

(Cf) 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
1L-11 receptor.
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Novel Cytokine Receptors

The present invention relates inter alia to novel molecules believed to be cytokine

receptors and to uses thereof.

Cytokines andgrowth factors are secreted molecules controlling important cell functions

such as proliferation, differentiation and survival as well as tissue development. These

signalling molecules exert their effects via specific receptors located on the target cell

surface. These receptors are grouped into families according to both structural and amino

acid sequence similarities. The cytokine receptor superfamily is composed of the

receptors for many growth factor families including interferon, TNF and haematopoietic

growth factors. The largest subclass in this family is that of the type I cytokine receptors,

a group characterized by the presence of a conserved extracellular region of

approximately 200 amino acids containing two fibronectin type III folds. This region,

known as the haematopoietin receptor module, has been shown to play an essential role

in receptor/ligand binding and receptor/receptor dimerization. It is characterized by four

conserved cysteine residues in the first domain and a W-S-x-W-S motif in the second

domain.

Receptor chains in this subclass typically form part of a multicomponent complex which

includes both ligand binding and signalling subunits, of which the latter is typically a

member of several receptor complexes. These characteristics account for much of the

pleitropy and redundancy amongst cytokines. One such example is amongst certain

members of the interleukin-6 (IL-6) related cytokines (IL-6, ciliary neurotrophic factor

(CNTF), leukemia inhibitory factor (LIF), oncostatin M (OSM)and cardiotrophin-1 (CT-

1)), where overlapping function between these cytokines can be accounted for by the

presence of gp130, a signal transducing molecule present in the respective receptor

complexes. In addition, ligand binding chains in the receptor complexes (such as IL-

6Ra, CNTF-R and IL-11Ro) generally have short or even absent intracytoplasmic
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regions, whereas gp130 has a longer intracytoplasmic tail which is involved in the

activation of the JAK-STAT pathway. In fact, soluble forms of these receptor subunits

can render cells sensitive to the appropriate cytokine provided the necessary signal

transducing chain is expressed on the cell surface. Thus, the specific cytokine binding

chains of these cytokine receptors can function either as membrane anchored or soluble

proteins.

The present invention is based upon the identification and characterisation of a

previously unknown mouse molecule and of a previously unknown human molecule,

both of which are believed to be new type 1 cytokine receptors.

According to the present invention there is provided a polypeptide, which:

a) has the amino acid sequence of amino acids 38 to 422 shown in Figure 1 for

hGBRI-ILR or which has the amino acid sequence shown in Figure 1 for

mGBRI-ILR;

b) has one or more amino acid deletions, insertions or substitutions relative to a

polypeptide as defined in a) above, but has at least 40% amino acid sequence

identity therewith; or

c) is a fragment of a polypeptide as defined in a) or b) above, which is at least

10 amino acids long.

The term "polypeptide" is used herein in a broad senseto indicate that a particular

molecule comprises a plurality of amino acids joined together by peptide bonds. It

therefore includes within its scope substances which may sometimes be referred to in

the literature as peptides, polypeptides or proteins.

A polypeptide of the present invention preferably incorporates a haematopoietin domain

since this is believed to be important in ligand / receptor and receptor / receptor complex

formation.
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Various aspects of the present invention will now be considered in order that its full

scope can be appreciated.

Polypeptides of the present invention may be produced by techniques known to those

skilled in the art. For example, gene-cloning techniques may be used to provide a nucleic

acid sequence encoding such a polypeptide. (Gene-cloning techniques are discussed in

greater detail later on in relation to nucleic acid molecules of the present invention.)

Alternatively, chemical synthesis techniques may be used to produce polypeptides of the

present invention. Such techniques generally utilise solid-phase synthesis. Chemical

synthesis techniques that allow polypeptides having particular sequences to be produced

have now been automated. Apparatuses capable of chemically synthesising polypeptides

are available, for example, from Applied Biosystems. If desired, short polypeptides can

be synthesised initially and can then be ligated to produce longer polypeptides.

A polypeptide of the present invention may be provided in substantially pure form. Thus

it may be provided in a composition in which it is the predominant polypeptide

component present. (It may be present e.g. at a level of more than 50%, of more than

75%, of more than 90%, or even of more than 95%; said levels being determined on a

weight/weight basis with respect to the total polypeptide content of the composition.)

As explained previously, a polypeptide of the present invention either:

a) has the amino acid sequence of amino acids 38 to 422 shown in Figure | for

hGBRI-ILR or has the amino acid sequence shown in Figure 1 for mGBRI-

ILR;

b) has one or more amino acid deletions, insertions or substitutions relative to a

polypeptide as defined in a) above, but has at least 40% amino acid sequence

identity therewith; or

Ex. 2001 - Page254



Ex. 2001 - Page255

15

20

25

WO 99/20755 PCT/EP98/06497

c) is a fragment of a polypeptide as defined in a) or b) above, which is at least 10

amino acids long.

In order to appreciate the present invention more fully, polypeptides within the scope of

each of a), b) and c) above will now each be discussed in greater detail.

Polypeptides within the scope of a)

A polypeptide within the scope of a) may consist of the amino acid sequence of amino

acids 38 to 422 shown in Figure | for hGBRIJ-ILR or of the amino acid sequence shown

in Figure 1 for mGBRI-ILR. Alternatively it may have an additional N-terminal and/or

an additional C-terminal amino acid sequence.

Additional N-terminal or C-terminal sequences may be provided for various reasons.

Techniques for providing such additional sequences are well known in the art. These

include using gene-cloning techniques to ligate together nucleic acid molecules encoding

polypeptides or parts thereof, followed by expressing a polypeptide encoded by the

nucleic acid molecule produced by ligation.

Additional sequences may be provided in order to alter the characteristics of a particular

polypeptide. This can be useful in improving expression or regulation of expression in

particular expression systems. For example, an additional sequence may provide some

protection against proteolytic cleavage. This has been done for the hormone somatostatin

by fusing it at its N-terminus to part of the B galactosidase enzyme (Itakwa ef al.,

Science 198: 105-63 (1977)).

Additional sequences can also be useful in altering the properties of a polypeptide to aid

in directing the polypeptide to a particular location. For example, a signal sequence may

be present to direct the transport of the polypeptide to a particular location within a cell

or to export the polypeptide from the cell (e.g. the amino acids | to 37 shown in Figure
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1 for hGBRL-ILR may be used to provide a signal sequence, or another signal sequence

may be present). Different signal sequences can be used for different expression systems.

Hydrophobic sequences may be provided to anchor a polypeptide in a membrane. Thus

the present invention includes within its scope both soluble and membrane-bound

polypeptides. (Naturally occurring membrane-bound forms of the polypeptides identitied

in Figure 1 are believed to exist since large mRNAtranscripts likely to encode such

forms have been identified by the present inventors, as will be discussed later.)

Membrane-bound polypeptides may be in hybrid form if desired. They may therefore

have a heterologous transmembrane and/or cytoplasmic domain. For example such

domains may be derived from a human IL-13 receptor a chain. Transfected mammalian

cells expressing membrane-bound polypeptides can be used for ligand screening and

binding assays (e.g. for antibodies or other molecules binding to the receptor).

Another example of the provision of an additional sequence is where a polypeptide is

linked to a moiety aiding in purification / identification, e.g. a moiety capable of being

isolated by affinity chromatography. The moiety may be an epitope and the affinity

column may comprise immobilised antibodies or immobilised antibody fragments that

bind to said epitope (desirably with a high degree of specificity). The polypeptide can

then be eluted from the column by addition of an appropriate buffer and may be cleaved

from the epitope. His, Glu, or 179 tags are preferred for use in purification /

identification. Polypeptides comprising one or more such tags are therefore within the

scope of the present invention.

A polypeptide may be linked to an antibody or to a part thereof. For example it may be

linked to an F, portion. This results in a molecule with good stability that can be used

both in vitro and in vivo. It may be linked to a part of an antibody that binds to a

particular epitope ofit is desired to target that epitope.
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In the case of the of the amino acid sequence shown in Figure 1 for mGBRI-ILR,

additional amino acids may be provided to result in an amino acid sequence closer in

length to the length of the 422 amino acid polypeptide shown in Figure 1 for hGBRI-

TLR. For example, an additional two amino acids immediately N-terminal to the amino

acid sequence shown in Figure 1 for mGBRI-ILR polypeptide may be provided. (These

may be A ‘and H, as is the case for hGBRI-ILR). A signal sequence may
also/alternatively be provided.

It should be noted that additional N-terminal or C-terminal sequences may be present

simply as a result of a particular technique used to obtain a polypeptide of the present

invention and need not provide any particular advantageous characteristic.

Polypeptides within the scope of b)

Turning now to the polypeptides defined in b) above, it will be appreciated by a person

skilled in the art that these are variants of the polypeptides given in a) above.

The skilled person will appreciate that various changes can sometimes be made to the

amino acid sequence of a polypeptide which has a desired property to produce variants

(often known as "“muteins") that still have said property. Such variants of the

polypeptides described in a) above are within the scope of the present invention and are

discussed in greater detail below in sections (i) to (iii). They include allelic and

non-allelic variants.

(i) Substitutions

An example of a variant of the present invention is a polypeptide as defined in a) above,

apart from the substitution of one or more amino acids with one or more other amino

acids.
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The skilled person is aware that various amino acids have similar characteristics. One or

more such amino acids of a polypeptide can often be substituted by one or more other

such amino acids without eliminating a desired property of that polypeptide.

For example, the amino acids glycine, alanine, valine, leucine and isoleucine can often

be substituted for one another (amino acids having aliphatic side chains). Of these

possible substitutions it is preferred that glycine and alanine are used to substitute for one

another (since they have relatively short side chains) and that valine, leucine and

isoleucine are used to substitute for one another (since they have larger aliphatic side

chains which are hydrophobic).

Other amino acids that can often be substituted for one another include:

phenylalanine, tyrosine and tryptophan (amino acids having aromatic side chains);

lysine, arginine and histidine (amino acids having basic side chains);

aspartate and glutamate (amino acids having acidic side chains);

asparagine and glutamine (amino acids having amide side chains);

and cysteine and methionine (amino acids having sulphur containing side chains).

Substitutions of this nature are often referred to as “conservative" or "semi-conservative"

amino acid substitutions.

(ii)Deletions

Amino acid deletions can be advantageous since the overall length and the molecular

weight of a polypeptide can be reduced whilst still retaining a desired property. This can

enable the amount of polypeptide required for a particular purpose to be reduced. For

example if the polypeptide is to be used in medicine, dosage levels can be reduced.

(iii) Insertions
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Amino acid insertions relative to a polypeptide as defined in a) above can also be made.

This may be done to alter the nature of the polypeptide (e.g. to assist in identification,

purification or expression, as explained above in relation to fusion proteins).

Polypeptides incorporating amino acid changes (whether substitutions, deletions or

insertions) relative to the sequence of a polypeptide as defined in a) above can be

provided using any suitable techniques. For example, a nucleic acid sequence

incorporating a desired sequence change can be provided by site-directed mutagenesis.

This can then be used to allow the expression of a polypeptide having a corresponding

change in its amino acid sequence.

Whatever amino acid changes may be made, preferred polypeptides of the present

invention have at least 40% amino acid sequence identity with the amino acid sequence

of amino acids 38 to 422 shown in Figure 1 for hGBRI-ILR or with the amino acid

sequence shown in Figure 1 for mGBRI-ILR. More preferably the degree of sequence

identity is at least 50% or at least 75%. Sequenceidentities of at least 90% or of at least

95% are most preferred.

For the purposes of the present invention sequence identity (whether amino acid or

nucleic acid) can be determined by using the “BESTFIT” program of the Wisconsin

Sequence Analysis Package Genetics Computer Group version 8.0.

Where high degrees of sequence identity are present there may be relatively few

differences in amino acid sequence. Thus for example there may be less than 20, less

than 10, or even less than 5 differences.

Polypeptides within the scope of c)

As discussed supra, it is often advantageous to reduce the length of a polypeptide.

Feature c) of the present invention therefore covers fragments of the polypeptides a) or
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b) above which are at least 10 amino acids long. Desirably these fragments are at least

20, at least 50 or at least 100 amino acids long. Fragments may be useful, for example,

in raising antibodies against particular antigens. They may also be useful in studying

functionally important domains of a full length polypeptide. Thus, for example, a

fragment comprising all or part of a haematopoietin receptor module may be provided.

Uses of Polypeptides

A) Medical Uses

Polypeptides of the present invention may be used in medicine. Preferred treatments are

human treatments, although veterinary treatments are not excluded. The treatment may

be prophylactic or may be in respect of an existing condition.

Various polypeptides of the present invention may be useful either as agonists or as

antagonists. Agonists will up-regulate a biological function of a naturally occurring

receptor, whereas antagonists will down-regulate such a function. Whether or not a given

polypeptide acts as an agonist or an antagonist of a particular biological function can be

determined by a skilled person using an appropriate assay procedure.

Antagonists may be useful in treating disorders associated with an overexpression of a

cytokine or with the expression of a moiety having a level of cytokine activity higher

than normal. In view of the homology with IL6-R, antagonists of one or more of the

functions of receptors of the present invention may be useful in treating disorders

associated with high levels of cell proliferation (e.g. in treating cancer). Antagonists may

also be useful in treating immune disorders, weight disorders and / or developmental

disorders. In particular they may be useful in treating obesity (in view of homology of

the polypeptides shown in Figure 1 with the leptin receptor), inflammation, septic shock,

AIDSand disorders of embryonic development.
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Agonists may be useful in treating disorders associated with an underexpression of a

cytokine or with the expression of a moiety having a level of cytokine activity lower

than normal. They may be useful in treating disorders associated with low levels of cell

proliferation. Agonists may also be useful in treating immune disorders, weight disorders

and / or developmental disorders. In particular they may be useful in treating obesity (in

view of homology of the polypeptides shown in Figure 1 with the leptin receptor),

inflammation, septic shock, AIDS and disorders of embryonic development.

Antagonists or agonists may therefore be used in the manufacture of a medicament for

the treatments mentioned above.

The medicamentwill usually be supplied as part of a pharmaceutical composition, which

mayinclude a pharmaceutically acceptable carrier. This pharmaceutical composition will

generally be provided in a sterile form in a sealed container. It may be provided in unit

dosage form, will generally be provided in a sealed container, and can be provided as

part of a kit. Such a kit is within the scope of the present invention. It would normally

(although not necessarily) include instructions for use. A plurality of unit dosage forms

may be provided.

Pharmaceutical compositions within the scope of the present invention may include one

or more of the following: preserving agents, solubilising agents, stabilising agents,

wetting agents, emulsifiers, sweeteners, colorants, odourants, salts, buffers, coating

agents or antioxidants. They may also contain therapeutically active agents in addition to

polypeptides of the present invention. They may be provided in controlled release form,

e.g. So as to be effective over a period of at least a week or, more preferably, of at least

a month.

A pharmaceutical composition within the scope of the present invention may be adapted

for administration by any appropriate route, for example by the oral (including buccal or
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sublingual), rectal, nasal, topical (including buccal, sublingual or transdermal), vaginal

or parenteral (including subcutaneous, intramuscular, intravenous or intradermal) routes.

Such a composition may be prepared by any method known in the art of pharmacy, for

example by admixing one or more active ingredients with a suitable carrier understerile

conditions.

Dosages

Dosages of an active agent can vary between wide limits, depending upon the nature of

the treatment, the age and condition of the individual to be treated, etc. and a physician

will ultimately determine appropriate dosages to be used. A dosage may be repeated as

often as appropriate. If side effects develop, the amount and/or frequency of the dosage

can be reduced, in accordance with goodclinical practice.

B) Diagnostics Uses

In addition to the medical uses discussed above, polypeptides of the present invention can

be used in diagnosis. For example they can be used in binding studies to diagnose the

presence or absence of a type 1 cytokine or to diagnose abnormalities in the level of such

a cytokine.

C) Screening Uses

Polypeptides of the present invention can also be used in screening. For example soluble

or membrane bound receptors / variants thereof may be used to screen for agents capable

of binding thereto. Such agenis may be the cytokines which normally bind to the

receptors in vivo. Alternatively they may be agonists or antagonists of such cytokines and

may be useful in treating one or more of the disorders discussed in A) above.

D) Uses in Raising or Selecting Antibodies

One further use of the polypeptides of the present invention is in raising or selecting

antibodies.
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The present invention therefore includes antibodies that bind to a polypeptide of the

present invention. Preferred antibodies bind specifically to polypeptides of the present

invention and can therefore be used to purify such polypeptides (e.g. they may be

immobilised and used to bind to polypeptides of the present invention. The polypeptides

may then be eluted by washing with a suitable eluent under appropriate conditions.)

Antibodies within the scope of the present invention may be monoclonalor polyclonal.

Polyclonal antibodies can be raised by stimulating their production in a suitable animal

host (e.g. a mouse, rat, guinea pig, rabbit, sheep, goat or monkey) when a polypeptide

of the present invention or a nucleic acid molecule (e.g. cDNA) capable of being used to

provide such a polypeptide is injected into the animal. If necessary an adjuvant may be

administered together with the polypeptide of the present invention. The antibodies can

then be purified by virtue of their binding to the polypeptide.

Monoclonal antibodies can be produced from hybridomas. These can be formed by

fusing myeloma cells and spleen cells which produce the desired antibody in order to

form an immortal cell line. Thus the well-known Kohler & Milstein technique (Nature

256 52-55 (1975)) or variations upon this technique can be used.

Techniques for producing monoclonal and polyclonal antibodies which bind to a

particular polypeptide are now well developed in the art. They are discussed in standard

immunology textbooks, for example in Roitt et al, Immunology second edition (1989),

Churchill Livingstone, London.

In addition to whole antibodies, the present invention includes derivatives thereof which

are capable of binding to polypeptides of the present invention. Thus the present

invention includes antibody fragments and synthetic constructs. Examples of antibody
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fragments and synthetic constructs are given by Dougall et al in Tibtech 12 372-379

(September 1994).

Antibody fragments include, for example, Fab, F(ab'), and Fv fragments (these are

discussed in Roitt et al [supra], for example). Fv fragments can be modified to produce

a synthetic construct known as a single chain Fv (scFv) molecule. This includes a

peptide linker covalently joining V,, and V, regions, which contributes to the stability of

the molecule. Other synthetic constructs which can be used include CDR peptides.

These are synthetic peptides comprising antigen-binding determinants. Peptide mimetics

may also be used. These molecules are usually conformationally restricted organic rings

which mimic the structure of a CDR loop and which include antigen-interactive side

chains.

Synthetic constructs include chimaeric molecules. Thus, for example, humanised (or

primatised) antibodies or derivatives thereof are within the scope of the present

invention. An example of a humanised antibody is an antibody having human

framework regions, but rodent hypervariable regions. Synthetic constructs also include

molecules comprising an additional moiety that provides the molecule with some

desirable property in addition to antigen binding. For example the moiety may be a label

(e.g. a fluorescent or radioactive label). Alternatively, it may be a pharmaceutically

active agent.

The antibodies or derivatives thereof of the present invention have a wide variety of uses

in addition to their use in purification of polypeptides discussed above.

They can be used in therapy. For example they may be used to block undesirable ligand

/ receptor or receptor / receptor interactions.
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They can be used in diagnosis. For example they may be used in RIAs or ELISAs in-

order to identify the presence or absence of the type 1 chemokine receptors that are

within the scope of the present invention.

Nucleic Acid Molecules and Uses Thereof

The present invention also includes nucleic acid molecules within its scope.

Such nucleic acid molecules:

a) code for a polypeptide according to the present invention; or

b) are complementary to molecules as defined in a) above; or

Cc) hybridise to molecules as defined in a) or b) above.

These nucleic acid molecules and their uses will now be discussed in greater detail

below:

The polypeptides of the present invention can be coded for by a large variety of nucleic

acid molecules, taking into account the well-known degeneracy of the genetic code. All

of these coding nucleic acid molecules are within the scope of the present invention.

They may be administered to an individual and used to express polypeptides of the

present invention. Thus they may be used for the same treatments as the polypeptides of

the present invention. The mucleic acid molecules may be used directly, e.g. they may
be injected into muscle (optionally after being first incorporated into a carrier, e.g. a

lipid-based carrier, such as a liposome). Alternatively they may be inserted into vectors.

Vectors for use in treatments include replication-deficient adenoviruses, retroviruses or

adeno-associated viruses.

Vectors may be used in cloning. They may be introduced into host cells to enable the

expression of polypeptides of the present invention using techniques known to the person
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skilled in the art. Alternatively, cell free expression systems may be used. By using an

appropriate expression system the polypeptides can be produced in a desired form. For

example, the polypeptides can be produced by micro-organisms such as bacteria or

yeast, by cultured insect cells (which may be baculovirus-infected), by mammalian

cells (such as CHO cells) or by transgenic animals that, for instance, secrete the

proteins in milk. Where glycosylation is desired, eukaryotic (desirably mammalian)

expression systems are preferred.

Polypeptides comprising N-terminal methionine may be produced using certain

expression systems, whilst in others the mature polypeptide will lack this residue.

Polypeptides may initially be expressed to include signal sequences. Different signal

sequences may be provided for different expression systems. Alternatively, signal

sequences may be absent .

Techniques for cloning, expressing and purifying polypeptides are well known to the

skilled person. Various such techniques are disclosed in standard text-books, such as in

Sambrook et al [Molecular Cloning 2nd Edition, Cold Spring Harbor Laboratory Press

(1989)}; in Old & Primrose [Principles of Gene Manipulation 5th Edition, Blackwell

Scientific Publications (1994)]; and in Stryer [Biochemistry 4th Edition, W H Freeman

and Company (1995)].

In addition to nucleic acid molecules coding for polypeptides of the present invention

(referred to herein as “coding" nucleic acid molecules), the present invention also

includes nucleic acid molecules complementary thereto. Thus, for example, both strands

of a double stranded nucleic acid molecule are included within the scope of the present

invention (whether or not they are associated with one another). Also included are

mRNA molecules and complementary DNAmolecules (e.g. CDNA molecules).
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Nucleic acid molecules which can hybridise to one or more of the nucleic acid molecules

discussed above are also within the scope of the present invention. Such nucleic acid

molecules are referred to herein as “hybridising" nucleic acid molecules.

A hybridising nucleic acid molecule of the present invention may have a high degree of

sequence identity along its length with a nucleic acid molecule within the scope of a) or

b) above (e.g. at least 50%, at least 75% or at least 90% sequence identity).

As will be appreciated by the skilled person, the greater the degree of sequence identity

that a given single stranded nucleic acid molecule has with another nucleic acid molecule,

the greater the likelihood that it will hybridise to a nucleic acid molecule which is

complementary to that other nucleic acid molecule under appropriate conditions.

Desirably hybridising molecules of the present invention are at least 10 nucleotides in

length and preferably are at least 25 or at least 50 nucleotides in length.

Preferred hybridising molecules hybridise under stringent hybridisation conditions. One

example of stringent hybridisation conditions is where attempted hybridisation is carried

out at a temperature of from about 35°C to about 65°C using a salt solution which is

about 0.9 molar. However, the skilled person will be able to vary such parameters as

appropriate in order to take into account variables such as probe length, base

composition, type of ions present, etc.

Most preferably, hybridising nucleic acid molecules of the present invention hybridise to

a cDNA molecule having the sequence shown in Figure 3 or Figure 5; to an RNA

equivalent thereof; or to a complementary sequence to any of the aforesaid molecules.

Hybridising nucleic acid molecules can be useful as probes or primers, for example.

Probes can be used to purify and/or to identify nucleic acids. They may be used in
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diagnosis. For example probes may be used to determine whether or not an individual

has a receptor of the present invention by determining whether or not a complete gene

coding for a functional receptor is present. Primers are useful in amplifying nucleic acids

or parts thereof, e.g. by PCR techniques.

In addition to being used as probes or primers, hybridising nucleic acid molecules of the

present invention can be used as antisense molecules to alter the expression of

polypeptides of the present invention by binding to complementary nucleic acid

molecules. (Generally this can be achieved by providing nucleic acid molecules that bind

to RNA molecules that would normally be translated, thereby preventing translation due

to the formation of duplexes.) This technique can be used in antisense therapy. Antisense

molecules may be in the form of DNA or RNA molecules.

It is however important to note that nucleic acid molecules for use in the present

invention include not only those with classical DNA or RNAstructures, but also variants

with modified (non-phosphodiester) backbones.. Two successful attempts to replace the

entire backbone have been reported - the morpholino derivatives and the peptide nucleic

acids (PNAs), which contain an N-(2-aminoethylglycine-based pseudopeptide backbone.

(See Nielsen, P.E., Annual Review of Biophysics & Biomolecular Structure, 24 167-83

(1995)). Nucleic acid variants with modified backbones can have increased stability

relative to unmodified nucleic acids and are particularly useful where long-term

hybridisation is desired (e.g. in antisense therapy).

Hybridising molecules may also be provided as ribozymes. Ribozymes can be used to

regulate expression by binding to and cleaving RNA molecules that include particular

target sequences.

From the foregoing discussion it will be appreciated that a large number of nucleic acids

are within the scope of the present invention. Unless the context indicates otherwise,
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nucleic acid molecules of the present invention may therefore have one or more of the

following characteristics:

1)

2)

3)

4)

5)

6)

They may be DNA or RNA(including forms with non-naturally occurring bases

and/or non-naturally occurring backbones e.g. PNAs).

They ‘may be single or double stranded.

They may be provided in recombinant form i.e. covalently linked to a

heterologous 5' and/or a 3' flanking sequence to provide a chimaeric molecule

(e.g. a vector) which does not occurin nature.

They may be provided without 5' and/or 3' flanking sequences that normally

occur in nature.

They may be provided in substantially pure form, e.g. by using probes to isolate

cloned molecules having a desired target sequence or by using chemical synthesis

techniques. (Thus they may be provided in a form which is substantially free

from contaminating proteins and/or from other nucleic acids.);

They may be provided with introns (e.g. as a full-length gene) or without introns

(e.g. as cDNA).

The present invention will now be described by way of example only with reference to

the accompanying drawings; wherein :

Figure 1 shows an alignment of human and murine receptor amino acid

sequences predicted from cDNA sequence information. Identical

amino acid residues are boxed in black. The human and murine

polypeptides are referred to as hGBRI-ILR and mGBRI-ILR

respectively, since they are believed to be interleukin receptors (or at

least substantial parts of such receptors).
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Figure 2 shows an alignment of the hGBRI-ILR and mGBRI-ILR amino acid

sequences shown in Figure 1 with members of the IL-6 type cytokine

receptor family within the immunglobulin domain and haematopoietin

receptor module. GCSF-R is granulocyte colony stimulating factor

receptor and CNTF-Ris ciliary neurotrophic factor.

Figure 3 shows the cDNA sequence obtained for hGBRI-ILR

Figure 4 shows the predicted amino acid sequence obtained from the cDNA

sequence provided in Figure 3.

Figure 5 shows the cDNA sequence obtained for mGBRI-ILR

Figure 6 shows the predicted amino acid sequence obtained from the cDNA

sequence provided in Figure 5.

Materials and Methods

Cloning of Human and Mouse cDNA for GBRI-ILR

The amino acid sequence NK LC FDDNKLWSDWSEAQSIGKEQN

from murine the IL-13R was used to search the Genbank database with expressed

sequence tags (ESTs) using TBLASTN, in order to identify the relevant EST.

BLASTN searches of The Genbank database with this EST sequence allowed the

identification of overlapping ESTs. The mouse cDNA clone 479043 was purchased

from Research Genetics Inc. (Birmingham, AL). 5’-RACE was used to clone a further

310bp of the murine cDNA upstream of the 5’ end of the cDNA clone using the

Marathon cDNA amplification kit from Clonetech (Palo Alto, CA) on poly A+ RNA

extracted from mouse lung following manufacturer’s guidelines. The primer used in

the PCR=amplification (along with the AP-1 primer provided) was
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5’-CGTACCACCTCAGCTTGTACTTG-3’. PCR products were cloned into the vector

pCRII (Invitrogen, Leek, The Netherlands) and colonies screened by colony

hybridization using the oligonucleotide probe

5’-AAGGATCTCACGTGCCGCTGGACACCGGGT-3’.

A portion of the human GBRI-ILR cDNA was amplified by PCR using cDNA derived

from poly A+ RNA from human lung with the primers

5’-ACCGCCGAGGGCCTCTACTG-3’ and

5’-TTGAGGGAGTAGTTGGTGTGGAGG-3’. Amplified products were cloned into the

vector pCRII and colonies screened for the relevant insert by colony hybridization

using the oligonucleotide probe 5’°-TGAGCTCTCCCGTGTACTCAACGCCTCCAC:3’.

This amplified DNA product was used as a probe to screen a human placental cDNA

library in AgtlO. The largest cDNA (1740bp) was recloned into pBluescript II SK-.

DNA and Protein Sequence Analysis

Sequences were obtained from cDNA clones by both strand automated sequencing, and

were analyzed, along with all relevant ESTs, by the sequence analysis software

Sequencher (Genecodes Corporation, Ann Arbor, MI). The signalP server

(htpp://www.cbs.dtu.dk/signalp/cbssignalp.html) was used to identify the predicted

cleavage site of the signal peptide for GBRI-ILR. DNA and amino acid sequence

alignments as well as prediction of hydrophobic regions were analyzed with the

Wisconsin package version 8.1 (Genetics Computer Group Inc., Madison,WD.

Detection ofHuman and Mouse mRNA Transcripts for GBRI-ILR

For detection of human GBRI-ILR mRNAtranscripts by Northern blot analysis, the

same 310bp cDNA used to screen the human placental library (see above) was used as
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a probe. For detection of human gp130 mRNA,a partial cDNA was amplified with the

primers 5’-CCGCGCAAGATGTTGACGTT-3’ and

5’-CATTCGGACAGCTTGAACAG-3’ and used as a probe. For detection of the

human IL-6Ra, a partial cDNA was amplified with the primers

5’-CTGACCAGTCTGCCAGGAGACA-3’ and

5’-GAGGACCCCACTCACAAACAAC-3’ and used as a probe. The Human, Human I,

Human Immune System, Human Endocrine and Human Fetal Multiple Tissue Northern

Blots (Clonetech) were used to detect expression in human tissues. For human cells

and cell lines, briefly, poly A+ RNA wasisolated using the Oligotex Direct mRNA

Mini Kit (Qiagen, Basel, Switzerland) following manufacturers guidelines. 0.5ug RNA

was resolved on a formaldehyde gel and transferred to a Genescreen membrane (NEN

Research Products, Boston, MA). All Northern blots were hybridised with the

appropriate probes in ExpressHyb solution (Clonetech).

For detection of murine GBRI-ILR transcripts, either cDNA or cRNA probes were

used. The cDNA probe was a product of PCR amplification using the primers

5’-CTAGGCTCAGCAAGATCTGATGTCC-3’ and

5’-GCTCCAGATTCCCGCCTTTTTCGACC-3’. To generate CRNA probes, the PCR

product generated with the primers 5’-CTGGCCCTGGCTAACCTTAATGG-3’ and

5’-GCTCCAGATTCCCGCCTTTTTCGACC-3’ was cloned into pBluescript II KS-

(Stratagene) at the EcoRV restriction site. The plasmid was linearized with the

restriction enzyme BinI and cRNA probes labelled with “P by transcription with T3

RNA polymerase from the T3 promoter. The Mouse and Mouse Embryo Multiple

Tissue Northern Blots (Clonetech), were hybridized with cDNA probe in ExpressHyb

solution. For the other Northern blot analysis, mice were immunised with alum

precipitated KLH sub-cutaneously and tissues removed at either day 0 or day 14 (with

the exception of bone marrow, which was a pool of both). Total RNA wasisolated

with TRIzol reagent (Life Technologies AG, Basel, Switzerland) and polyA+ RNA

was isolated using Oligotex beads (Qiagen). Northern blot analysis was performed
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using the cRNA probe on 1.5ug polyA+ RNAas previously described by Gauchat, J-

F. et al, (European Journal of Immunology, 1989 19:1079). For detection of the

murine transcript by RT-PCR, 5ug of total RNA from the appropriate source was

reverse transcribed using the first-strand cDNA synthesis kit (Pharmacia LKB

Biotechnology, Uppsala, Sweden) following manufacturer’s guidelines. PCR was

performed using the same primers used to amplify the murine DNA probe(see above).

PCR products were transferred to a Genescreen hybridization membrane (NEN

research products) and hybridised with 32P labelled oligonucleotide probe 5’-

GCGGATCTGGTACTTGGTTTGAAAGAGGAA-3’.

Cloning and Distribution of the Receptor

Cloning ofhuman GBRI-ILR

The Genbank database with expressed sequence tags (ESTs) was searched using

TBLASTN with a 20 amino acid sequence surrounding the W-S-x-W-S motif of the

mouse IL-13 receptor al as query. ESTs showing significant homology were then

translated, and the open reading frames used to search the Swissprot database using

BLASTP for homologous proteins. The amino acid sequence from the murine EST

W66776 showed a high level of homology to members of the IL-6-type cytokine

receptor family, as well as to the prolactin receptor. Using the sequence of W66776to

search the Genbank database allowed the identification of overlapping homologous

sequences (of both murine and human origin) which in turn were run against the
Genbank database to identify more overlapping ESTs (Table I). This allowed the

assembly of overlapping nucleic acid sequences encoding the human and mouse

putative receptor sequences.

To clone the human cDNA encoding GBRI-ILR, a 310bp PCR product was amplified

from human lung cDNAusing primers designed from the human ESTs. The PCR

product was in turn used as a probe to screen a human placental cDNA library,
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allowing the isolation of a full length clone of 1740 bp which included a 3’ polyAtail.

The human cDNA encoded a precursor protein of 422 amino acids with a putative

signal peptide of 37 amino acids. In vitro translation revealed that the AUG codon

coding the methionine at the start of the putative signal peptide was indeed used to

initiate translation (data not shown).

Cloning of mouse GBRI-ILR

The Genbank database with expressed sequence tags (ESTs) was searched using

TBLASTN with a 20 amino acid sequence surrounding the W-S-x-W-S motif of the

mouse IL-13 recéptor al as query. ESTs showing significant homology were then

translated, and the open reading frames used to search the Swissprot database using

BLASTP for homologous proteins. The amino acid sequence from the murine EST

W66776 showed a high level of homology to members of the IL-6-type cytokine

receptor family, as well as to the prolactin receptor. Using the sequence of W66776 to

search the Genbank database allowed the identification of overlapping homologous

sequences (of both murine and human origin) which in turn were run against the

Genbank database to identify more overlapping ESTs (Table I). This allowed the

assembly of overlapping nucleic acid sequences encoding the human and mouse

putative receptor sequences.

The cDNA clone 479043, which gave rise to the mouse EST found furthest 5’ in the

sequence assembly was obtained from the IMAGEconsortium and sequenced and was

found to contain an insert of 1 Kb, including a 3’ poly A tail. The rapid amplification

of 5’ cDNA ends (5’-RACE) on murine lung cDNA allowed the cloning of a further

308 bp upstream. The murine cDNA encoded a protein of 383 amino acids. The mouse

cDNA sequence was incomplete at the 5’ end as the first amino acid of the translated

sequence aligned to amino acid 39 of the putative human receptor sequence, and no

starting methionine or putative signal peptide could be identified.
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Sequence Analysis

Sequence analysis of the human and murine cDNAs showed 85% sequence identity at

the nucleic acid level and 96% identity at the amino acid level (Figurel). Amino acid

identity between human and mouse gp130 is 77% and between the human and mouse

prolactin receptors is 69%. As the level of identity between the human and murine

putative receptors is significantly higher, this suggests a functionally important role for

the GBRI-ILR. No putative transmembrane domain could be identified in either the

human or mouse amino acid sequence, suggesting that the protein encoded by the

cloned cDNAsare either secreted or GPI-anchored. As no hydrophobic region at the C

terminus of the sequence, characteristic of GPl-anchored proteins such as the CNTF

receptor, was identified, it is more likely that the cloned human and mouse cDNAs

encode soluble receptors. There are numerous examples of soluble forms of receptors

in the type I cytokine receptor family, being the product of either membrane shedding

or alternative splicing. These soluble forms can exhibit either antagonistic effects in

terms of ligand signalling such as those shown by soluble gp130 and the soluble IL-5

receptor a chain, or agonistic effects, such as those shown by the IL-6 receptor a

chain, the CNTF receptor and the IL-11 receptor a chain.

Human and murine GBRI-ILR show close homology to members of the IL-6-type

cytokine receptor family (Table II) as well as to the prolactin receptor when used as

query to search the SwissProt database. Alignment of the human and mouse amino acid

sequences to members of the IL-6-type cytokine receptor family showed regions of

conserved homology within the two functionally important cytokine receptor-like

domain, most notably at the highly conserved four cysteine residues and the W-S-x-W-

S motif (Figure 2). The N-terminal domain of both sequences also appears to represent

an Ig-like domain, most closely resembling the C2-set sequence.

One of the human EST’s (H14009) showing homology to GBRI-ILR was a sequence

derived from a genomic clone (D2-17). This clone was generated by exon
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amplification of chromosomal DNA from human chromosome 19p12-13.1, allowing us

to localise the human GBRI-ILR geneto this region. The gene for the erythropoeitin

receptor, which shares significant homology with GBRI-ILR,is the only other member

of the receptor family which has been shown to be localized to this arm of

chromosome 19.

Distribution ofHuman and Mouse GBRLILR

mRNA expression was studied in human and mouse tissues by Northern blot analysis.

The predominantly expressed form of the human mRNA migrated as a 1.7 Kb

transcript, a size close to the one predicted from the clone obtained from the library

screening. Another transcript of approximately 4.5Kb was seen in several tissues. This

form could encode a membrane-anchored form of the receptor, analogous to the two

transcripts detected for the IL-5 receptor a chain. Expression of the 1.7Kb transcript

could be detected in several tissues, but was less ubiquitous than those of gp130 and

IL-6Ra. Strongest expression of the human GBRI-ILR mRNA was detected in the

spleen, thymus, lymph node, appendix, bone marrow, thyroid, adrenal cortex,

stomach, heart, placenta and skeletal muscle. This distribution is compatible with a

possible role for human GBRI-ILR in the immune system. Expression was also

detected in several cell lines (Table III), such as the fibroblast cell line HEK 293, the

monocyte cell line THP-1 (following PMA stimulation), TY lymphoblastoid cells,

RPMI 8226 myeloma cells, the mast cell line HMC-1, bronchial epithelial cells HBE-

140 and low level expression on HUVEC. In human fetal tissue, a strong expression

was seen in the lung, but not in brain, kidney orliver.

In the adult mouse, expression of a 1.7Kb transcript was seen most strongly in the

lung, but the transcript could also be detected at lower levels in skeletal muscle as well

as heart and brain. Expression of the 1.7Kb transcript was also detected in the lymph

node and thymus of immunized and non-immunized mice as well as in mouse bone

marrow. In the embryo, the 1.7Kb transcript could first be detected at day 11 post
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conception, with expression going through to days 15 and 17 post conception. This

pattern of expression would appear to coincide with the emergence of the first

detectable progenitors of the immune system, at day 10.5 post conception. Taken

together, these data indicate a possible role for GBRI-ILR in the immune system and in

embryonic development.

Overcoming cloning / expression difficulties

Several attempts to clone the full length cDNA for both human and mouse GBRI-ILR

by PCR failed due to the lack of amplification of a significantly long product when

attempting rapid amplification of 5’ cDNA ends (5’ RACE). This was later found to be

due to the presence of a very GC rich region of the DNAat the 5’ end of the cDNA,

hampering the PCR reaction. This problem was overcome for hGBRI-ILR by

screening a placental cDNA library with a cloned cDNA fragment obtained by PCR

amplification using primers designed from the human ESTs.

Recombinant protein expression using the baculovirus expression system was also

found to be less than efficient when using partial cDNA for hGBRI-ILR which was

lacking the immunoglobulin domain. Higher levels of protein production were

observed when cDNA encoding the complete N-terminal region of the protein was

used.
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Table I

Receptor EST Tissue/Source of Origin
Accession

no.

Mouse AA014965 Placenta

AA039053 Embryo
AA049278 Embryo
AA049280 Embryo
AA270365 Embryo
W17583 Embryo
W66776 Embryo

Human AA042914 Pregnant uterus
AA043001 Pregnant uterus
AA121532 Pregnant uterus
AA127694 Pregnant uterus
AA377893 Synovial Sarcoma
AA406406 Melanocyte/Fetal

Heart/uterus

H14009 Chromosome 19

N78873 Fetal Lung
R87407 Brain

W37175 Fetal Lung
W46603 Fibroblast

W46604 Fibroblast

Table II

Cloned Alignment Identical Similar
Receptor With Residues Residues
Human GP130 87/306 120/306

GCSF 85/306 112/306

Receptor
CNTF 79/306 102/306

Receptor
IL6 Receptor 71/306 104/306
alpha chain

Mouse GP130 89/304 125/304

GCSF 81/304 115/304
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Receptor
TL6Receptor 71/304 107/304
alpha chain

TableII

Cell/Cell Line hGB Cell/Cell Line hGB

RI- RI-

ILR ILR

T17 - HL60 -

JURKAT - HMC-1 ++

JURKAT - HBE-140 -/+

(+PMA/lonomycin)
JY + HBE-140 (IL- +

1B)
JY GIL-4) ++ HBE-140 +

(TNFa)
RPMI 8866 - HEK 293 ++

RPMI 8226 + HUVEC -/+

THP-1 - HUVEC (IL- ~-/+
18/TNFa 2hr)

THP-1 (+PMA) + HUVEC (IL- [+
1B/TNFo8hr)

5 Example of preparation of recombinant soluble GBRI-ILR

Soluble human GBRI-ILR cDNA,truncated at amino acid 378, and coding for the 6

histidine and 179 recognition tags at the 3’ end was cloned into pFASTBAC1.

Recombinant virus was produced using the Life Technologies BAC-TO-BAC kit and

10 used to infect SF9 cells expanded in SF9QOII medium. Protein secreted into the

medium was purified using a NI-NTA resin column (which binds the 6 histidines).

Purified protein was detected by western blot analysis using a monoclonal antibody

recognising the 179 tag (CLEPYTACD).

15
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Example of the generation of hybridomas producing anti-GBRI-ILR monoclonal

antibodies

A Balb/c mouse was immunized on day 0, 7 and 28 subcutaneously in the limbs and

behind the neck with 100 pg of protein per injection. Three days after the final

injection, the draining lymph nodes were obtained and the tissue digested using a

collagenase and DNAse cocktail according to the procedure reported elsewhere

(Kosco-Vilbois M.H.,Isolation and Enrichment of Follicular Dendritic Cells from

Murine Lymphoid Tissue, Zrumunology Methods Manual, Vol 3, 1997). The resulting

celi suspension was resuspended at 10° cells pert ml and fused with Sp2 myeloma ceils

using standard “Kohler and Milstein” protocols. The hybridomas were then selected

in HAT medium and 7-10 days after fusion, the supernatants harvested for screening.

To screen the hybridoma supernatants, 96 wells plates (Falcon 3912; Becton Dickinson

Labware Europe, Meylan, France) were coated overnight at 4°C with | ug/ml soluble

GBRI-ILR purified from infected Sf9 cell in carbonate buffer pH 9.6. Plates were then

washed, blocked with PBS containing 1% BSA and incubated for two hours with 200

pI hybridoma supernatant and washed. GBRI-ILR specific mAbs were revealed using

horseradish peroxidase labelled goat anti-mouse IgG (Southern Biotechnology

Associates, Inc.) Positive supernatants were retested with plastic immobilized GBRI-

ILR. Specificity was checked using an ELISA set up with IL-13Real1 at 1 pg/ml. The

specific positive supernatants were further screened by FACS using HEK-293 cells

transfected with a cDNA encoding a fusion protein between GBRI-ILR up to amino

acid 354 and the IL-13 Rai transmembrane and cytoplasmic regions, IL-13Ral cDNA

or an empty plasmid (the plasmid used for expression was pEBS). Hybridomas that

demonstrated the strongest fluorescence signal on GBRI-ILR transfectants and also did

not bind to control proteins or transfectants were retained for further use.
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Claims

1. A polypeptide, which:

a) has the amino acid sequence of amino acids 38 to 422 shown in Figure 1 for

hGBRI-ILR, or which has the amino acid sequence shown in Figure 1 for

mGBRI-ILR;

b) has one or more amino acid deletions, insertions or substitutions relative to a

polypeptide as defined in a) above, but has at least 40% amino acid sequence

identity therewith; or

c) is a fragment of a polypeptide as defined in a) or b) above, which is at least 10

amino acids long.

2. A polypeptide according to claim 1, which has a haematopoietin receptor module.

3. A polypeptide according to claim 1 or claim 2, which comprises the amino acid

sequence of amino acids 38 to 422 shown in Figure 1 for hGBRI-ILR, or the

amino acid sequence shown in Figure 1 for mGBRI-ILR.

4. A polypeptide according to any preceding claim, in glycosylated form.

5. A polypeptide according to any preceding claim, in soluble form.

6. A pharmaceutically acceptable composition comprising a polypeptide according to

any preceding claim.

7. A polypeptide according to any of claims 1 to 5 or a pharmaceutically acceptable

composition according to claim 6, for use in medicine.
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The use of a polypeptide according to any of claims 1 to 5 in the manufacture of

a medicament for treating cancer, an immune disorder, obesity or a

developmental disorder.

The use of a polypeptide according to any of claims 1 to 5 in the manufacture of

a medicament for treating AIDS, septic shock, embryonic developmental

disorders or lung inflammation.

The use of a polypeptide according to any of claims 1 to 5 in screening.

The use according to claim 10 in screening for a cytokine that binds to a type 1

cytokine receptor.

The use according to claim 10 in screening for an agonist or antagonist of a

cytokine that binds to a type 1 cytokine receptor.

A cytokine that binds to a type 1 cytokine receptor, or an agonist or an antagonist

thereof identifiable by or identified by screening as described in any of claims 10

to 12.

A cytokine, an agonist or an antagonist according to claim 13, for use in

medicine.

The use of a cytokine, an agonist or an antagonist according to claim 12 in the

manufacture of a medicament for treating cancer, an immune disorder, obesity or

a developmental disorder.

The use according to claim 10 in screening for an agonist or antagonist of a

cytokine that binds to a type 1 cytokine receptor in the manufacture of a
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23.
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b)

c)

24.
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medicament for treating AIDS, septic shock, embryonic developmental disorders

or lung inflammation.

The use of a polypeptide according to any of claims 1 to 5 in raising or selecting

antibodies.

An antibody or a derivative thereof which binds to a polypeptide according to any

of claims 1 to 5.

A pharmaceutically acceptable composition comprising an antibody or a

derivative thereof according to claim 18.

An antibody or a derivative thereof according to claim 18 or a pharmaceutically

acceptable composition according to claim 19, for use in medicine.

The use of an antibody or a derivative thereof according to claim 20 in the

preparation of a medicament for treating cancer, an immune disorder, obesity or

a developmental disorder.

The use of an antibody or a derivative thereof according to claim 20 in the

manufacture of a medicament for treating AIDS, septic shock, embryonic

developmental disorders or lung inflammation.

A nucleic acid molecule, which:

codes for a polypeptide according to any of claims claim 1 to 5,

is complementary to a molecule as defined in a) above, or

hybridises to a molecule as defined in a) or b) above.

A vector comprising a nucleic acid molecule according to claim 23.
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A host comprising a nucleic acid molecule according to claim 23 or a vector

according to claim 24.

A method for obtaining a polypeptide according to any of claims 1 to 5,

comprising incubating a host according to claim 25 under conditions causing

expression of said polypeptide and then purifying said polypeptide.

A nucleic acid molecule, vector or host according to any of claims 23, 24 or 25

respectively, for use in medicine.

The use of a nucleic acid molecule, vector or host according to any of 23, 24 or

25 respectively in the preparation of a medicament for antisense therapy.

The use of nucleic acid molecule according to claim 23 as a probe or as a primer.

The invention as substantially hereinbefore described.
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FIG. 3
CGTGCGGGCG

CCCTGCGCCA

CCGGCCCCAT

CGGCCGCCGC

GCCGCGAGCC

CCACGCTTCT

GACCCACCAG

CCGCCTGCCC

TGGCCCTGGC

GTGTGCCACG

TGGCCTGCCC

TGAAGGACTT

CTCCACACCA

CAACACATGT

CCAAGGACCT

AACCGCCTGG

TGTGGTGACC

GCCTGGAGGA

GATTTCCTCT

TGTGGACTGG

TGGCCGGCCT

CCCTTTGGCA

CCACCCCACA

GCGGGGCGTG

GCCTGGCCCG

CCGCCGCCGA

GCCCGCCGGC

CGTTGCTGCC

GGATCAGGAG

CATCGGCTCC

GAGCCACCGC

CCTGAGCTCT

CAACCTCAAT

CCCGTGACGG

CCAGAGAAAC

GACCTGCCGC

ACTACTCCCT

GAGGAGTACC

GGCTCTCTTT

GCTCTGCCCG

ACGGACCCCC

CCAGCTGAGC

TTCAAGCCAA

AAGGTGGTGG

GAAACCCGGC

TCTATGGCTC

GCCGCCTCCA

CGAACCGCGG

CGCCCTCCCG

GCCGCAGCCC

CGCCGGGGCC

CCTGCTGCTG

CCCACACAGC

TCCCTGCTGG

CGAGGGCCTC

CCCGTGTACT

GGGTCCAGGC

CAGCATCCTG

CCGTCAACAT

TGGACGCCAG
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Cytokine binding domains

Field of the invention

The present invention relates to binding moieties derived from cytokine binding domains

(CBDs) and their use as affinity reagents, diagnostic reagents, therapeutic agents and as

protein scaffolds.

Background to the invention

Antibodies are the paradigm of specific high-affinity binding reagents and provide an

antigen binding site by interaction of variable heavy (Vy) and variable light (V1)

immunoglobulin domains. The binding interface is formed by six surface polypeptide

loops, termed complementarity determining regions (CDRs), three from each variable

domain, which are highly variable and combined provide a sufficiently large surface area

for interaction with antigen. Specific binding reagents can be formed by association of

only the Vy and V;, domains into an Fv module. Bacterial expression is enhanced by

joining the V-domains with a linker polypeptide into a single-chain scFv molecule.

WO 00/34784 and WO 01/64942 (Phylos Inc.) disclose antibody mimics

comprising a fibronectin or fibronectin-like protein scaffold in which a fibronectin type II

domain having at least one randomised loop is present. WO 02/32925 (Phylos Inc.)

relates to non-antibody derivative proteins comprising a domain having an

immunoglobulin-like fold in which the protein has a mutated amino acid sequence such

that its binds to a compound with greater affinity than the unmutated protein.

Koide et al. (WO 98/56915 and J. Mol. Biol., (1998), 284, 1141-1151) describe the

design and construction of a fibronectin type ITI domain scaffold and the use of the

scaffold to produce a phage display library with mutation in two loops to screen for higher

affinity ligand binding.

WO 01/90192 (Imclone Systems Inc) describes a bispecific two-chain

immunoglobulin construct, a two domain protein which is optimized in its avidity for

antigen but still acts as a natural antibody.

WO 02/48189 (Borean Pharma AS) describes a scaffold based on the family of C-

type lectin-like domains, which has a carbohydrate recognition domain having a loop

region that can be mutated so as to provide a new classoflibraries.

WO 00/47620 (Medvet Science Pty Ltd ef al.) discloses a cytokine-binding domain

that consists of a B-chain or analogous structure of a cytokine receptor.

WO 02/44197 (Fish) describes cytokine receptor binding peptide constructs in

which the cytokine receptor binding domain is incorporated into a scaffold such that the
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scaffold maintains the binding domain configuration suitable for binding to the cytokine

receptor.

Summary of the invention

The present invention relates to binding moieties which employ a CBD-like scaffold

structure consisting of two FnlllI-like domains as schematically depicted in Figure 1A.

Solvent exposed loops on the two Fnilll-like domains are in linear association and define a

binding region which is capable of binding to a target molecule through association with

loops from both domains. The invention also relates to a method for producing novel

scaffold structures based on the use of cytokine-binding domains (CBDs) as well as the

novel scaffold structures produced thereby.

Accordingly, the invention provides to a method of producing a binding moiety

comprising modifying an extracellular cytokine binding domain consisting ofa first FnIII-

like domain and a second FnIlJ-like domain such that at least one property of the cytokine

binding domainis altered, to produce a binding moiety.

Furthermore, the invention provides a modified binding moiety produced according
to the above methodofthe invention.

The present invention also provides novel binding moieties based on a cytokine

binding domain scaffold structure.

Accordingly, the invention also provides a binding moiety comprising an
extracellular cytokine binding domain consisting of a first FnIIJ-like domain and a second

Folll-like domain, wherein the CBD comprises a modification which alters a property of
the CBD.

CBDsconsist of two linked fibronectin type III (FnITT) domains (each an Ig-like

fold) (Leahy DJ et al., 1992, Science 258: 987-991). These CBDs are known to bindtheir

target molecules primarily at the juncture of the two Fnlll-like domains (the cytokine

hinging region), engaging their target molecules by loops on the outer elbow of the two

domains of the CBD. These loops are similar to the CDR (complementarity determining

region) loops found on the antigen-binding surface of antibody variable domains.

However, the association between loops from the two domains in a CBD exhibits

important differences to antibody CDR loop association. In antibody variable domains,

the loops from the heavy chain associate in parallel with those of the light chain. In

contrast, the cytokine binding loops of cytokine binding regions form a linear association

(see Figure 1). A comparison between the CBDs of a number of knowtertiary structures

reveal commonstructural features indicating that these domains form an ideal framework

for designing and generating novel binding moieties. Such binding moieties will have a

variety of uses and applications including, as diagnostic and therapeutic agents/reagents,
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being directed to particular molecular targets, and in particular those targets associated
with clinical disease.

The prior art typically describes scaffold structures based on single binding

demains. In particular, previous work on scaffolds utilising FnIU-like domains has

concentrated on the use of single FnIII-like domain frameworks. In contrast, the scaffolds

of the invention are based on the use of CBDs having two FnllJ-like domains, in which a

target molecule can be bound through association with both domains, and more

particularly through interaction with loops forming the cytokine binding region of the
CBD.

The scaffolds of the invention provide significant advantages over the prior art

scaffolds. The use of a two-domain binding moiety results in a larger surface binding area

or "footprint" for binding with a target molecule. This creates the potential for binding

with higher affinity and/or to a greater variety of target shapes and sizes. In particular, the

use of a two-domain,linearly associated framework creates the potential for these moieties

to bind to molecules that are refractory to conventional antibodies.

The binding moieties of the invention may be linked to other molecules, for

example by covalent or non-covalent means. Accordingly, the invention provides a

binding moiety according to the invention linked to one or more other molecules.

Furthermore, the invention provides a multivalent or multispecific reagent

comprising two or more binding moieties according to the invention.

The invention also provides a polynucleotide encoding a binding moiety,

multivalent reagent or multispecific reagent according to the invention.

The invention also provides a vector comprising a polynucleotide according to the
invention.

The invention also provides a host cell comprising a vector according to the
invention.

In addition, the invention provides a pharmaceutical composition comprising a

binding moiety, multivalent reagent or multispecific reagent according to the invention

and a pharmaceutically acceptable carrier, diluent, adjuvant and/or immunostimulant.

The invention also provides a method of treating a pathological condition in a

subject, which method comprises administering to the subject binding moiety, multivalent

reagent or multispecific reagent according to the invention.

The invention also provides a method of selecting a binding moiety with an affinity

for a target molecule which comprises

(i) providing a plurality of polynucleotides encoding binding moieties comprising a

CBD, which polynucleotides comprise one or more modifications in the CBD;

Gi) expressing the binding moieties encoded by the polynucleotides; and

(iii) selecting one or more binding moieties having an affinity for the target molecule.
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The invention also provides a polynucleotide library comprising a plurality of

polynucleotides encoding binding moieties comprising a cytokine binding domain, which
polynucleotides comprise one or more modifications in the cytokine biding domain.

The invention also provides expression vectors useful in the generation of binding

moieties according to the invention. Accordingly, the invention provides an expression

vector comprising:

a) a first nucleic acid sequence encoding a CBD;

b) an insertion site in a region between the endsofthefirst nucleic acid sequence, the

insertion site comprising a nucleotide sequence unique to said expression vector

which is cleaved by a restriction endonuclease and which allows a second nucleic
acid sequence encoding an amino acid sequence to be inserted into the first nucleic
acid to encode a modified CBD; and

c) a regulatory control sequence operably linked to said first nucleic acid sequence

which directs expression of the first nucleic acid sequence.

Preferably, the region encodes a solvent exposed region, preferably a loop.

The invention also provides an expression vector comprising:

a) a first nucleic acid sequence encoding a CBD,said sequence comprising a deletion

in a region between the endsofthe first nucleic acid sequence;

b) an insertion site in place of the deleted sequence which site allows a second

nucleic acid sequence encoding an amino acid sequence to be inserted into thefirst
nucleic acid to encode a modified CBD.

c) a regulatory control sequence operably linked to said first nucleic acid sequence

which directs expression of the first nucleic acid sequence.

Preferably, the region encodes a solvent exposed region, preferably a loop.

The invention also provides an expression vector comprising:

a) a first nucleic acid sequence encoding a CBD;

b) a number ofinsertion sites in regions between the ends of the first nucleic acid
sequence, each insertion site comprising a nucleotide sequence unique to said

expression vector which is cleaved by a restriction endonuclease and which allows
a nucleic acid sequence encoding an amino acid sequence to be inserted into the
first nucleic acid to encode a modified CBD.

Preferably, one or more regions, preferably each region, encodes a solvent exposed

region, preferably a loop.

The invention also provides a nucleic acid sequence encoding a peptide display

scaffold comprising:

a) a first scaffold sequence encoding a CBD; and

b) a second sequence encoding a peptide and inserted at a site located in a region of
said first scaffold sequence encoding a cytokine binding loop.
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The invention also provides an expression vector comprising a nucleic acid

sequence according to the invention described immediately above, as well as a CDB

display library comprising a plurality of said expression vectors.

The invention also provides a polypeptide encoded by the nucleic acid sequence

according to the invention described above, as well as a protein multimer comprising at

least two of said polypeptides.

The invention also provides a method of identifying a modified CBD which binds

to a target molecule of interest, which method comprises:

(i) providing a CBDdisplay library of the invention;

(ii) expressing the polypeptides encoded by the polynucleotides; and

(iii) selecting one or more polypeptides that bind to the target molecule.

The various features and embadiments of the present invention, referred to in

individual sections above apply, as appropriate, to other sections, mutatis mutandis.

Consequently features specified in one section may be combined with features specified in

other sections, as appropriate.

Description of the Figures

Figure 1. (a) A coil representation of the backbone of a CBD,illustrated by the CBD of

the IL-6 receptor (IL-6R) (D2 representing the N-terminal domain and D3 representing the

C-terminal domain). The loops marked L1 to L4 and L5 to L7 respectively, represent the

loops from the N-terminal and C-terminal domains of the CBD that can engage a target

macromolecule: (b) The view with the molecule rotated 90° with the seven loops facing

up: (c) Acoil representation of the backboneofthe variable domains of the heavy and

light chains of the Fv domain of an immunoglobulin,illustrated by the NC10 anti-

neuraminidase Fv domain, showing the Fv domain’s respective antigen binding CDRs as

loops L1, L2, L3, H1, H2 and.(d) the view with the molecule rotated 90° with the loops

facing up.

Both molecules are draw to scale, and it can been seen that while the Fv antigen

binding site is approximately isotropic in distribution, the CBD loops are long and narrow,

offering a different type of surface topology when compared to the potential binding site

of antibody molecules.

Figure 1A: A schematic representation of a binding moiety according to the present
invention. The CBD-like scaffold structure consists of a first and a second Fnlll-like

domain (indicated as FnIII' and FnlII’). Solvent exposed loops present on each Fnlll-like
domains define a binding region capable of association with a target molecule. The

binding region is essentially defined by solvent exposed loops presented by both domains.
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Figure 2. (a) A ribbon diagram of the CBD of IL-6R, showing the B-sheet arrangement of

the two FnIII domains, and the cytokine binding loops L1 to L7. (b) the sameasin (a) but

rotated 90° with the loops facing up.

Figure 3. (a) The amino acid sequence of IL-6R extracellular domain, showing the CBD

comprising domain D2 (residues 92 to 195) and domain D3 (residues 196 to 297). The

position of B-sheet structures are indicated by #. The position of loops in the cytokine

binding region are shown by * and marked L1 to L7. The Pro94, Pro95, Cys102, Cys103,

Trp115, Cys146, Cys157, Pro199, Pro200, Trp219, Arg274, Trp284, Ser285, Trp287 and

Ser288 residues are all conserved in known CBDs. The Leul00, Leul08, Valill,

Alal27, Leul29, Val131, Leul59, Tyr169, Val171, Met173, Vall75, Phel89, Gly191,

Tle194, Leul95, Pro197, Ile203, Val205, Leu215, Val217, Leu232, Phe234, Leu236,

Tyr238, Phe246, Trp249, Ile260, Ala263, Val271, Leu273, and Glu286 residues are

mainly conserved hydrophobic residues in known CBDs. The Pro98, Prol17, Trp225,

Cys258, His269, Ala291 and Gly293are, in the majority, conserved residues in all known
CBDs.

Figure 3(b) depicts the sequence alignment of the CBDs from IL-6R, IL-11R, PRLR and

GCSR. Loops L1 to L7 are outlined by boxes.

Figure 4. The CBD of IL-6R with domain D3 (lowerpart - shade 1) and domain D2 (top

part - shade 2), with the loop residues from D3 (shade 3) and from D2 (shade 4). Shades 1

to 4 are of increasing darkness. (a) and (c) have CPK and loop representations of the

cytokine binding region loops L1 to L7. (b) and (d) are the same as in (a) and (c) but
rotated 90° with the loops facing up.

Figure 5. Comparison of the sequences of CBDs from 77 known genes. Figure 5A

compares the sequencesin the "first" FnIII domain, containing loops 1 to 4, and Figure 5B

the sequences in the "second" FnIII domain, containing the loops 5-7. Conserved residues

as described in Example 3 for the IL-6 receptor are aligned according to their sequence

homologies. For example the hydrophobic residues, the cysteine residues (C) and in some

cases two prolines side by side (PP) are aligned. The location of the 7 binding loops is

indicated by the double-headed arrows..

Figure 6. The backbone of the CBD of IL-6R, with the cytokine binding loops L1 to L7

coloured dark. In (a) and (b) a CPK representation the residues that are conserved in all
known CBDs. In (c) and (d) including a CPK representation of all residues which are

almost always conserved and mainly hydrophobic.

Figure 7. Pictorial representation of the scaffold, firstly demonstrating the structural
similarities of the IL-6R, prolactin receptor and the novel scaffold, and secondly the close

structural alignment of all three as shown in the central picture.
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Detailed description of the invention

Unless defined otherwise, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art (c.g., in molecular

biology and biochemistry). Standard techniques are used for molecular and biochemical

methods (see generally, Sambrook et al,, Molecular Cloning: A Laboratory Manual, 3rd

ed. (2001) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. and Ausubel

et al., Short Protocols in Molecular Biology (1999) 4" Ed, John Wiley & Sons, Inc. - and
the full version entitled Current Protocols in Molecular Biology, which are incorporated

herein by reference) and chemical methods.

Throughout the specification the word "comprise", or variations such as

"comprises" or "comprising", will be understood to imply the inclusion of a stated

element, integer or step, or group of elements, integers or steps, but not the exclusion of

any other element, integer or step, or group of elements, integers or steps.

By "hydrophobic residues" or "nonpolar residues" as used herein is meant valine,

leucine, isoleucine, methionine, phenylalanine, tyrosine, and tryptophan.

By "polar residues" herein is meant serine, threonine, histidine, aspartic acid,

asparagine, glutamic acid, glutamine, arginine, and lysine.

By "extracellular domain" of as used herein is meant a segment of a protein

existing predominantly outside the cell. For transmembrane proteins, this segment can be

tethered to the cell through a transmembrane domain or released from the cell through

proteolytic digestion. Alternatively, the extracellular domain could comprise the whole

protein or amino acid segments thereof when secreted from the cell.

Cytokine binding domains (CBDs)

A cytokine binding domain is defined herein as a polypeptide consisting of a first and a

second Fnill-like domain. The FnllI-like domains are each independently domains having

immunoglobulin folds in a FnIll-like association of beta sheets. The two domains lie on a

similar plane and are typically connected at about 90° to each other. Preferably, at least

one domain comprises a tryptophan-arginine ladder region, which preferably comprises a

Trp-Ser-X-Trp-Ser ("WSXWS") motif or variant thereof which forms a left-handed 319
helix.

Each Fnlli-like domain comprises a numberof loops, typically surface and solvent

exposed loops. The loops in the two domains making up the CBD are arranged in a

substantially linear manner over the two domains to form, and to substantially define, a

binding region.
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The structural definition of CBDs given above is furtherillustrated and supported

by reference to Figures 1-6. In particular, it is further illustrated and supported by

reference to the primary, secondary andtertiary structure, including the three dimensional

structure, of IL-6R as presented in Figures 1-6 and detailed in Varghese JN et ai, 2002,

PNAS 99(25):15959-15964 and PCT/AU02/01255, the entire contents of which are herein

incorporated by reference. These references also provide the atomic coordinates of the

extracellular domain of IL-6R. Figures 1-6 and the aforementioned references variously

provide details of structural features, including the arrangement of beta sheets, the

orientation of each of the two domains with respect to one another and the location of the

solvent exposed loopsthat are typically present in CDBs.

The amino acid sequence of IL-6R is given in Figure 3, which also highlights the

location of various secondary structures in the primary sequence. The CBD of IL-6Ris

defined by the D2 and D3 domains (amino acids 92 to 297). The two domains lie on a

similar plane to form a longflat structure in which the D2 and D3 domains are connected

at about 90° to each other. The D2 domain comprises 4 solvent exposed loops (L1:
Lys105 to Asn110; L2: Lys133 to Glu140; L3: Alal60 to Phel68; and L4: Gln190 to

Gly193) and the D3 domain comprises 3 solvent exposed loops (L5: Asn226 to Arg233;

L6:; Met250 to His256; and L7: Gln276 to Gln281), which together form a long and

narrow binding area held in place by the rigid D2 and D3 framework of the CBD. The

location of these loops in the three-dimensional structure of folded IL-6R is shown in

Figure 4.

Arg239, Phe246, Arg237, Trp287, Arg274, Trp284 and Gln276 together form the

tryptophan-arginine ladder region, which comprises a WSXWSmotif.

The alignment of CBDspresent in over seventy gene products is shown in Figure

5. Figure 5A depicts the sequence alignment ofthe first FnlII-like domain (corresponding

to D2 of the IL-6R CBD), defined over location R1 to approximately R180 as numbered

in Figure 5. Figure 5B depicts the sequence alignment of the second FnIlI-like domain

(corresponding to D3 of the IL-6R CBD), defined over location approximately R185 to

R299 as numbered in Figure 5. The hinge connecting the first and second Fnlll-like

domains is defined over the approximate location of R180 to R185, e.g. from R181 to

R184, as numbered in Figure 5. The hinge region typically comprises residues flanking

the side of loop L4.

The alignments in Figures 5A and 5B clearly demonstrate a high degree of

conservation. For example, cysteine residues, hydrophobic amino acid residues,

hydroxylated amino acid residues, proline/glycine residues, acidic amino acid residues and

basic amino acid residues are all variously conserved. Examples of conserved amino acid

residues found in the alignments of Figure 5 are given in Table 1.
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Table 1: Examples of conserved amino acid residues found in the alignments of Figure 5.

  Conserved Location in Figure 5 Fnlil-like domain

 residues 

  Cys R25, R46, R91, R115
 
 

  
 
 
 
 
 
 

 Hydrophobic R22, R26, R41, R44, R48, R64, R66, R117,|First

R136, R138, R140, R142, R146, R156, R158,

R161, R162, R170, R172

R187, R189, R191, R197, R208, R210, R212,|Second

R214, R224, R227, R280, R282, R285, R287,

R295, R297, R299, R319, R322, R326, R328
 

 
  

Hydroxylated R47, R62, R64, R68, R70, R94, R136 First

(Tyr, Thr, Ser

and including His)|R210, R214, R203, R320, R323, R330 Second

Pro/gly R14, R15, R18, R50, R51, R164, R166, R167=|First

R185, R193, R195, R198, R199, R216, R218,|Second

R177, R289, R290, R317, R324, R325
 

   Acidic R211, R321 Second

Basic R298 Second

Table 1 is not intended to be a comprehensive analysis of the degree of

conversation across the CBD sequences shown in Figure 5. It merely indicates some of

the positions where conservation is occurring and serves to demonstrate the extent of
conservation. The skilled person will appreciate that there are other positions and
complexities of conservation present in the aligned sequences in Figure 5 and will be able

to elucidate these using knowledge and analytical tools that are routinely available to
them.

Figure 5 also demonstrates that certain motifs, such as the WSXWS motif, are
present in the vast majority of CDBs(see, for example, location R321-R325). Particularly

significantly, all the sequences have 7 loops corresponding to loops L1 to L7 identified
and discussed abovein relation to 1L-6R above. Table 2 details the approximate locations

of these loops as found in Figure 5. It will be understood that loops may also comprise
one or more amino acids flanking the locations in Figure 5 as defined in Table 2.
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Suitably, the loops may comprise up to 10, preferably up to 5 and more preferably up to 4

flanking amino acids

Table 2: Location of loops L1 to L7 in Figure 5.

 

 

Location in Figure 5 Falll-like domain

Li R28-43 First

L2 R70-87 First

L3 R118-135 First

L4 R157-160 First

LS R198-209 Second

L6 R228-278 Second

L7 R300-316 Second

   
 

It will be understood that Fnlll-like domains may be derived from proteins not

specifically disclosed herein. Furthermore, the skilled person will have no difficulties

identifying such other suitable FnI[]-like domains within CBDs from other proteins. A

number of methods have been described for identifying protein sequences of suitable

structure and function. These methods include, but are not limited to, sequence alignment

methods,structure alignment methods, sequence profiling methods and energy calculation

methods. Ii is evident from the alignments presented in Figure 5 and from structural

information and published crystallographical data (for example Aritomi M.e¢ al., Nature,

1999, 401(6754):713-7; Bravo J. ef al., EMBO J., 1998, 17(6):1665-74; Elkins P.A. et

al, Cell, 1999, 97(2):271-81; Josephson K.ef al., Immunity, 2001, 15(1):35-46; Man D.

et al., J. Biol. Chem., 2003, 278(26):23285-94; Schreuder H.et al., Nature,1997,

386(6621):194-200) that the CBD structure exemplified by IL-6R is conserved in other

CBDs. Thus, CBDs can be defined with reference to the three-dimensional structure of

domains D2 and D3 of IL-6R, in particular with reference to the structural coordinates of

the backbone carbon atoms of IL-6R as provided in Varghese JN ef al., 2002 PNAS

99(25):15959-15964 and PCT/AU02/01255. Thus, as newcrystal structures are solved,it

will become immediately apparent if a protein contains a CBD comprising Fnlll-like

domains by comparing sequence and structural (secondary and tertiary) data with, for

example, that of IL-6R and otherproteins listed in Figure 5. However,it will be

appreciated that the three-dimensional structure of other CBDswill not correspond

precisely to that of the IL-6R. Figure 6 illustrates in the context of the IL-6R, the regions

of the CBD structure that are most highly conserved in known naturally occurring CBDs.
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Alternatively and/or additionally, suitable CBDs may be identified through

sequence alignment analysis with the sequences in Figure 5. It will be readily apparent to

the skilled person upon carrying out a suitable alignment analysis whether the protein

comprises a CBD having two Fnlll-like domains. The amino acid sequence ofa potential

CBDcan be directly compared with the sequences in Figure 5 and in particular those

residues known to be highly conserved for known CBDs as described above. After

aligning the conserved residues, allowing for necessary insertions and deletions in order to

maintain alignment (i.e. avoiding the elimination of conserved residues through arbitrary

deletion and insertion), any residues equivalent to particular conserved amino acids in the

sequences of Figure 5 should become defined. Furthermore, any sequence motifs should

also be identified as should regions where loop structures are likely to occur (i.e. regions

where there is little or no predicted secondary structure and which are relatively polar in

nature).

Suitable computational methods for carrying out such analyses to identify protein

sequences having the desired structural and functional properties are well known in the art

and include, for example, Modeller.

Preferably, the first FnIlI-like domain of the CBD comprises four loops located at

positions L1 to L4 as indicated in Figure 5A when the amino acid sequenceis aligned with

the sequences in Figure 5.

Preferably, the second Fnlll-like domain of the CBDs of the present invention

comprises three loops located at positions L5 to L7 as indicated in Figure 5B when the
amino acid sequence is aligned with the sequences in Figure 5. ,

Preferably, the second Fnlll-like domain comprises a tryptophan-arginine ladder
region, which preferably comprises a WSXWSmotifor variant thereof.

Preferably, the first FnIll-like domain comprises four loops located at positions L1

to L4 as indicated in Figure 5A and the second Fnlll-like domain comprises three loops

located at positions L5 to L7 as indicated in Figure 5B when the amino acid sequenceis

aligned with the sequences in Figure 5.

The presence of loops L1 to L4 and L5 to L7, and,ifpresent, a tryptophan-arginine
ladder would be evident from a suitably performed sequence alignment and analysis.

Asan alternative to Figure 5, it is also possible to identify suitable CBDs through

homology of the primary sequence with Figure 3 in the same way as described above in

relation to Figure 5.

Where crystal structure data is not available, computer modelling tools are now

routinely available that allow potentially useful CBD candidates to be modelled and their

predicted structures to be directly compared with, for example, the CBD of IL-6R.
Therefore, in addition to being able to identify whether a protein contains two FnllJ-like

domains presenting the loops identified in Figure 5 at analogous positions along the
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primary sequence and preferably possessing other motifs such as a tryptophan-arginine

ladder region, which preferably comprises a WSXWSmotif or variant thereof, it is also

possible for the tertiary structure of the protein, or at least the relevant domain of the

protein, to be computer modelled and that 3-D model compared with known crystal

structures of CBDs, such as the IL-6R CBD. In this way, the spatial correlation of the

loops in the protein of interest can be compared with that in known CBDs.

Although Figures 1, 2, 3, 5 and 6 mention seven loops, it will be understood that

the loop given as L4 (corresponding to A190 to G193 of IL-6R and located at R154-R160

in Figure 5) is small and in someliterature may not always be referred to as a loop per se.

It has been includedin the present description for the sake of completeness. However, this

does not mean that the present invention excludes CBDs described in the literature as

comprising six loops. On the contrary, such CBDs may evidently be within the scope of

the present invention.

The Fnlll-like domains of the CBDsof the binding moieties may be derived from

any suitable naturally occurring CBDs. Examples of suitable naturally accurring CBDs

are listed in Figure 5. Preferably, the CBDs are derived from the extracellular domains of

growth factor and cytokine receptor family members, and in particular cytokine receptor

family members and associated proteins such as, for example, gp130. Preferred cytokine

receptor family members are those in class I (hematopoietin receptors) or class Il,

preferably class I. Examples of suitable proteins from which CBDs may be derived

include the IL-Rs (interleukin receptors), G-CSFR (granulocyte colony stimulating factor

receptor), GM-CSFR (granulocyte macrophage colony stimulating factor receptor), PRLR

(prolactin receptor), LIFR (leukemia inhibitory factor receptor), OSMR (oncostatin M

receptor), cardiotrophin CT-1 receptor, CNTFR (ciliary neutrotrophic factor receptor),

leptin receptor, EPOR (erythropoietin receptor), gp130, GHR (growth hormonereceptor)

and stromal lymphopoietin protein receptor. The numbering of the amino acid residues

that constitute the CBD for many of these proteins is provided in Figure 5.

Examples of suitable IL Gnterleukin) receptors include the IL-2R, [L-3R, IL-4R,

IL-5R, IL-6R, IL-7R, IL-9R, IL-11R, FL-12R, IL-13R, IL-15R and IL-21R.

For the avoidance of doubt, with regards to cytokine receptors having alpha and

beta subunits, any extracellular domains referred to herein from which suitable CBDs may

be derived are alpha subunit extracellular domains, not beta subunit domains.

The Fnlll-like domains of a CBD ofthe invention can be derived from the same or

different sources. For example, the first FnIII-like domain may be derived from one

protein and the second Fnlll-like domain derived from a different protein. For example,
the first domain of IL-11R could be combined with the second domain of IL-12R. Similar

pairing could also be performed with IL-5R and IL-4R and with prolactin and GMCSFR.

Where the two FnllJ-like domains are derived from different proteins, it will be
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appreciated by the skilled person that they must be suitably orientated with respect to

each. The first Fnlll-like domain should be suitably hinged to the second Fnilll-like

domain so that the domains lie in a similar plane, the domains being orientated with

respect to each other as they would be to their respective other FnfIl-like domain in the

native protein from which they derive.

Linkers used to link protein domains are well-know and well understood in theart,

in particular in relation to proteins in the immunoglobulin superfamiles. Therefore, the

skilled person will appreciate that any suitable hinge may be used to connect the two

Fnill-like domains. The two Fnilll-like domains can be linked by genetic or chemical

means. Examples of suitable chemical linkage include linking the two domains using a
suitable cross-linker such as dimaleimide. Alternatively, the two domains may be linked
by providing cysteine residues at the respective C- and N-terminals and forming a

disulphide bond. In addition, they could be linked using single chain GlySer linkers such

as GlyGlyGlyGlySer.

The domains may also be linked genetically. For example, where a restriction

enzyme (RE) site naturally occurs between loops 4 and 5 in a wild type CBD,this site can

be used to link the two domains. Alternatively, a suitable RE site may be introduced

between loops 4 and 5. Preferably, any RE site will lie between that part of the sequence

encoding the region of the FnllI-like domains between the end of the beta sheet

immediately following loop 4 and the beginning of any beta sheet immediately preceding

loop 5.

Figure 5 presents numerous examples of naturally occurring hinges in CBDs.

Preferably, the hingeis a stretch of from about 3 to 15 aminoacids, preferably from about

4 to 10 amino acids, situated between the two Fnill-like domains. The hinge connects

loop 4 to loop 5 via the respective N- and C-terminals of the two domains. Preferably, the

hinge is derived from one of the sources from which one of the Fnlll-like domains is
derived.

It will be apparent that the binding moieties of the invention can be generated de
novo based onthe structural constraints for a CBD described here and above.

In a preferred embodiment, the two FnIlI-like domains of a CBD are derived from

the same source protein.

Binding Moieties

The binding moieties of the present invention comprise an extracellular CBD consisting of

a first FnIII-like domain and a second FnIlI-like domain in which the CBD comprises a

modification which alters at least one property of the CBD. It will be understood that the

binding moieties of the present invention do not encompass and do notrelate to the full-

Ex. 2001 - Page304



Ex. 2001 - Page305

10

15

20

25

30

35

WO2005/058956 PCT/AU2004/001762

14

length, wild-type proteins from which suitable Fnlll-like domains may be derived.

Rather, they encompassandrelate to portions of CBD-containing receptors, preferably the

extracellular portions, which have been removed or isolated from their natural

environments. Where the binding moieties are derived from the extracellular portion of a

CBD-containing receptor, the binding moieties are preferably no larger in terms of the

number of amino acid residues and/or molecular weight than the native extracellular

domain from which the FnIII-like domain(s) is/are derived.

In a preferred embodiment, the CBD of the binding moiety accounts for at least

50%, preferably at least 60%, more preferably at least 70%, yet more preferably at least

80%, even more preferably at least 90% and most preferably at least 95% of the total

molecular weight of and/or number of amino acid residues in the binding moiety. In a

particularly preferred embodiment, the binding moiety consists essentially of the CBD.

Preferably, the only binding domains present in the binding moieties of the present

invention are the two Fnilll-like domains. The two FnllI-like binding domains form a

single binding region. The binding moieties of the present invention are therefore

monomeric polypeptide or protein bodies.

Altered Properties

The CBDis modified such that a property of the CBDis altered.

A property of a cytokine binding domainis altered if any characteristic or attribute

of the cytokine binding domain differs from the corresponding property of the unmodified

cytokine binding domain. These properties include, but are not limited to, substrate

specificity, substrate affinity, binding affinity, binding selectivity, catalytic activity,

thermal stability, alkaline stability, pH activity profile, resistance to proteolytic

degradation, kinetic association, kinetic dissociation, immunogenicity, ability to be

secreted, ability to activate receptors, ability to treat disease, solubility, cytotoxic activity

and oxidative stability.

Unless otherwise specified, a property of a cytokine binding domain is considered

to be altered when the property exhibits at least a 5%, preferably at least 10%, more
preferably at least a 20%, yet more preferably at least a 50%, and most preferably at least
a 2-fold increase or decrease relative to the corresponding property in the unmodified

cytokine binding domain.

In a preferred embodiment, the solubility of the modifted CBD, and concomitantly

the binding moiety, is altered, preferably improved, relative to the corresponding

unmodified CBD (i.e. the unmodified binding moiety).

In another preferred embodiment, the stability of the CBD is altered, preferably

improved, relative to the corresponding unmodified CBD. [Examples of altering the
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stability include changing one of the following properties:- thermal stability, alkaline

stability, pH activity profile and resistance to proteolytic degradation.

In a particularly preferred embodiment, the binding characteristics of the CDB are

altered. Examples of altering the binding characteristics include changing one of the

following properties: substrate specificity, substrate affinity, catalytic activity, kinetic

association, kinetic dissociation, binding affinity and bindingselectivity.

Modifications

By modifying the cytokine binding domain we mean introducing at least one modification

into a wild type FnIII domain from a wild type cytokine binding domain sequence.

By "wild-type cytokine binding domain" we mean a cytokine binding domain that

is found in nature and includesallelic variations; that is, an amino acid sequence that has

not been intentionally modified. The wild type cytokine binding domain sequence may be

derived from any species, preferably a mammalian species. In a preferred embodiment,

the wild-type cytokine binding domain has a sequence as shown in Figure 5.

Suitable modifications include substitutions, insertions and deletions within at least

one specified region.

Preferably, the size and/or area of the CBD is altered as compared with the

unmodified CBD. Preferably, at least 1, preferably at least 2, more preferably at least 3, 4

or 5, and yet more preferably at least 10 amino acids of a CBD are modified.

Modifications can be made to a numberofregions.

In a preferred embodiment, a solvent exposed region is modified and, preferably, a

number of such regions are modified. Preferred solvent exposed regions are the loops of

the CDB. Suitably, modifications are made to alter the size and/or area of a loop,

preferably to increase the size and/or area of the loop. The size may suitably be increased

by at least 1, 2, 3, 4 or 5 amino acids and preferably by at least 10 or 20 amino acids. A

loop size may be increased by up to as many as 40, or even maybe as many as 50 amino

acid residues. Modifications can be made to any of the L1, L2, L3, L4, L5, L6 and L7

loops as defined by IL-6R and/or Figure 5. Suitably, modifications are made to at least

two or three different solvent exposed regions, e.g. to at least two or three of any the L1,

L2, L3, L4, L5, L6 and L7 loops. The solvent exposed regions can be modified by

insertion, substitution or by other suitable modifications described herein.

For example, loop L1 in IL-6Ris positioned in the centre of the CBD (Figures 1, 2,

4 and 6). Since loop L1 of the CBD of IL-6R contains a natural disulphide bond, this

might constrain the flexibility and so form an ideal semi-rigid scaffold for the display of

larger, protruding ‘finger-like’ loops by insertion of additional amino acids within the L1
loop. These protruding ‘finger-like’ loops are then likely to provide a complementary
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binding surface to cavities within the target antigen (protein) to which the CBD is capable

of binding, analogous to the protruding loops observed in natural camelid VhH and shark

NAR domains (Muyldermans S et al, 2001 Trends Biochem Sci. 26(4):230-5) and

(Nuttall SD ef al., 2000 Curr Pharm Biotechnol. 1(3):253-63).

Also encompassed are modifications which are essentially tantamount to

conservative substitutions throughout the sequence but which alter a property of the CBD.
Such conservative substitutions are shown in Table 3.

Table 3: Exemplary conservative substitutions.

Original Residue Exemplary Substitutions[OriginalResidue=|ExemplarySubstitutions|

His

Ile @)

Leu (L) . ile; val; met; ala; phe

Lys (x) arg

Met (M)

Phe (F)

Pro (P)

Ser (S)

Thr (T)

Trp (W)

Tyr (%) ; phe

Val (V) ile; leu; met; phe, ala

 
Furthermore, if desired, non-naturally occurring amino acids or chemical amino acid

analogues can be introducedas a substitution or addition into the polypeptide of the

present invention. Such amino acids include, but are not limited to, the D-isomers of the
common amino acids, 2,4-diaminobutyric acid, o-amino isobutyric acid, 4-aminobutyric

acid, 2-aminobutyric acid, 6-amino hexanoic acid, 2-amino isobutyric acid, 3-amino
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propionic acid, ornithine, norleucine, norvaline, hydroxyproline, sarcosine, citrulline,

homocitrulline, cysteic acid, i-butylglycine, t-butylalanine, phenylglycine,

cyclohexylalanine, B-alanine, fluoro-amino acids, designer amino acids such as B-methyl

amino acids, Ca-methy] amino acids, Na-methyl amino acids, and amino acid analogues

in general.

Also provided by the invention are chemically modified derivatives of CBDs which

may provide advantages such as increasing stability and circulating time of the

polypeptide, or decreasing immunogenicity (see U.S. Pat. No. 4,179,337). The chemical

moieties for derivitization may be selected from water-soluble polymers such as

polyethylene glycol, ethylene glycol/propylene glycol copolymers,

carboxymethylcellulose, dextran, polyvinyl alcohol andthe like.

Also included are binding moieties which are differentially modified during or after

synthesis, e.g., by biotinylation, benzylation, glycosylation, acetylation, phosphorylation,

amidation, derivatization by known protecting/blocking groups, proteolytic cleavage, etc.

The CBDs may be modified at random positions within the molecule, or at predetermined

positions within the molecule and may include one, two, three or more attached chemical

moieties. These modifications may, for example, serve to increase the stability and/or

bioactivity of the binding moieties of the invention.

The CBDs may also be modified by having carboxy-terminal truncations.

However, the scope for such modifications is limited and it is preferred that no more than

8 residues, more preferably not more than 6 residues, of the last beta strand in the FnlII-

like domains is removed. Preferably, there is no truncation in the first FnIJ]-like domain.

Altering binding characteristics

In a preferred embodiment, the modification alters the binding characteristics of the CBD.

The cytokine binding region which normally contacts the natural ligand for the CBDis

typically the solvent exposed region of the CBD and is generally made up of the surface

exposed loops. For example, domains D2 and D3 of IL-6R together comprise 7 cytokine

binding loops (L1 to L7), as described above. The location of these loops in other CBDs

is shown in Figure 5. Thusit is preferred that modifications are made to one or more of

these loop regions, or the equivalent regions in other CBDs, in order to alter the binding
characteristics.

For example, the binding affinity of the CBD for at least one of its natural ligands

can be reduced or abolished. Preferably at least a two-fold, more preferably at least a five-

or ten-fold reduction in binding affinity for at least one natural ligand is achieved.

In one embodiment, the binding specificity of the modified CBD is different to that

of the unmodified CBD. Preferably, the unmodified CBDis derived from the extracellular
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domain ofa first receptor having specificity for a first ligand and one or more of the loops

of the unmodified CBD having been replaced with the corresponding one or more loops

from a second receptor having specificity for a second ligand with the result that the

modified CBD has a specificity for the second ligand. For example, the binding

specificity of the CBD could be altered to a different cytokine. In particular, this can be

achieved by replacing the loops in the cytokine binding region of a CBD which has

specificity for a first cytokine, with the loops from a cytokine binding region of a second

CBD which has specificity for a second cytokine. For example, the loops L1 to L7 of the

CBD of IL-6R could be replaced by loops L1 to L7 of the CBD of [L-11R to provide the

modified binding moiety with specificity for IL-1! instead of IL-6. Similarly, the loops

Ll to L7 of the CBD of IL-6R could be replaced by loops LI] to L7 of the CBD of

prolactin receptor, LIF receptor or oncostatin M receptor to provide the modified binding

moiety with specificity for prolactin and/or growth hormone, LIF or oncostatin M

respectively instead of IL-6.

In a preferred embodiment, the first receptor is the IL-6R and the second receptoris

either prolactin receptor, LIF receptor or oncostatin M receptor, thus altering the ligand

specificity of the CBD from IL-6 to either prolactin and/or growth hormone or LIF or

oncostatin M, respectively.

In an alternative preferred embodiment, the first CBD is prolactin receptor, or IL-

11R, or CNTF receptor which has been modified such that the loops of the cytokine

binding region have been replaced with the loops of a second cytokine receptor region

alters the specificity of the first CBD.

Modifications can also be madeto regions of the CBD that are not solvent exposed

and/or which do not formpart of a cytokine binding loop (i.e. L1 to L7). For example, the

binding moiety may comprise one or more modifications to the hinge region of the CBD

and/or to the binding interface of the FnI[l-like domains of the CBD. Modifications to the

binding interface between the two FnIII-like domains may result in an altered geometry of

the spatial relationship between the two domains . This in turn can be used to alter the

orientation and/or association of the solvent exposed binding regions, e.g. the loops, which

will modify the characteristics/topology of the overall binding surface.

Modifications to the binding interface between the two Falll-like domains may,

for example, involve modifying, either directly or indirectly (e.g. sterically), generally

highly conserved hydrophobic residues which are buried and which act to stabilise the

association between the two domains. For example, it may involve modifying one or

more of residues Pro107, Leul95 and Prol97 of D2 of IL-6R and Trp225, Leu232,

Ala275, Pro200 and Pro222 of D3 of IL-6R, or corresponding residues in other CBDs.
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Altering physicochemical properties

In a preferred embodiment, a modification alters, and preferably improves, the biophysical

and/or physicochemical properties of the binding moiety. Preferably, the modification

alters, preferably improves, the stability and/or solubility properties of the binding moiety.

For example, modifications at the domain interface, including interface mutations,

can be made to improve surface complementarity. For example, cysteine residue

insertions may be madeto provide for disulphide stabilisation,

Modifications may also be made io alter, preferably improve, the stability of the

scaffold structure. For example, amino acids may be substituted with other amino acids

having larger side chains in order to fill out internal holes in the globular structure. Such

substitutions could include, for example, glycine to alanine, asparagine to glutamine,

aspartate to glutamate, phenylalanine to tyrosine or tryptophan, tyrosine to tryptophan,

asparagine or aspartate to histidine, histidine to tyrosine and lysine to arginine. Glycine

residues may also be substituted to decrease the flexibility of the protein backbone. In

contrast, Proline residues may be inserted or substituted to improve the flexibility of the

scaffold, e.g. where there are limitations in the dihedral angles of the protein backbone and

in the secondary structure. Other suitable modifications for altering, and in particular

improving stability, will be apparent to the skilled person.

In a preferred embodiment, the binding moiety is modified so as to alter, and

preferably improve, its solubility as compared with the unmodified binding moiety. A

variety of strategies may be employed to improve solubility and in particular design

binding moieties that are solubly expressible in cellular hosts (i.e. non-aggregating). For

example, modifications can be made that (i) reduce hydrophobicity by replacing solvent

exposed hydrophobic residues with suitable polar residues; (ii) increase polar character by

replacing neutral polar residues with charged polar residues; (iii) replace non-disulphide

bonded cysteine residues (unpaired cysteines) with suitable non-cysteine residues, and (4)

replace residues whose identity is different in the corresponding CBD derived from

another species (e.g. substitute murine IL-6R residues ito human IL-6R). Other

alternative strategies will also be apparent to the skilled person. For example,

modifications that increase the stability of a protein can sometimes improve solubility by

decreasing the population of partially folded or misfolded states. As another example,

protein solubility is typically at a minimum when the isoelectric point of the protein is

equal to the pH of the surrounding solution. Modifications, which perturb the isoelectric

point of the protein away from the pH of a relevant environment, such as serum, can

therefore serve to improve solubility.

In a preferred embodiment, one or more, preferably hydrophobic, residues in
solvent exposed regions, preferably in a loop, are replaced with structurally and
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functionally compatible polar residues. Alanine and glycine may also serve as suitable

replacements, constituting a reduction in hydrophobicity.

In an alternate embodiment, preferred polar residues include those that are

observed at homologous positions in other CBDs.

In another preferred embodiment, free cysteine residues (that is, cysteine residues

that are not participating in disulphide bonds) are mutated to a structurally and

functionally compatible non-cysteine residue. Unpaired cysteines can be identified by

visual analysis of the structure or by analysis of the disulphide bond patterns of related

proteins.

In a preferred embodiment, if the non-disulphide forming cysteine position is

substantially buried in the CBD framework, the cysteine may be removed or replaced

with, for example, a suitable non-cysteine residue such as alanine or serine. If the cysteine

position is substantially exposed to solvent, suitable non-cysteine residues include alanine

and. the polar residues. Furthermore, cysteine residues not involved in disulphide bond

formation within the CBD framework could also be removed or replaced, e.g. with

alanines or serines, so as to improve solubility. For example, as regards D2 and D3 of the

IL-6R CBD, any one or more of Cys174, Cys!92 and Cys258 could be removed, and

preferably replaced with serines, to improve solubility.

In a preferred embodiment, one or more solvent exposed loops is/are modified to

improve solubility. Solubility may be improved by, for example, either removing

disulphide bond-forming cysteines and/or replacing disulphide bond-forming cysteines

frorn within the solvent exposed loops with amino acids such as alanine or serine.

Modifications to improve solubility may be desirable where the binding moieties

are being designed to function in an intracellular context and/or their method of

production favours expression in a soluble form. It will also be evident to the skilled

person that it may be necessary to modify the solubility characteristics of the binding

moiety at the same time or even prior to making other modifications, such as, changing the

bincling characteristics.

The physicochemical properties, such as stability and solubility, of the binding

moieties may be qualitatively and/or quantitatively determined using a wide range of

methods known in the art. Methods which may find use in the present invention for

characterizing the biophysical/physicochemical properties of the binding moieties include

gel electrophoresis, chromatography such as size exclusion chromatography, reversed-

phase high performance liquid chromatography, mass spectrometry, ultraviolet absorbance

spectroscopy, fluorescence speciroscopy, circular dichroism spectroscopy, isothermal

titration calorimetry, differential scanning calorimetry, analytical ultra-centrifugation,

dynamic light scattering, proteolysis, cross-linking, turbidity measurement, filter

retardation assays, immunological assays, fluorescent dye binding assays, protein-staining
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assays, microscopy, and detection of aggregates via ELISA or other binding assay.

Structural analysis employing X-ray crystallographic techniques and NMR spectroscopy

mayalso find use.

For example, protein stability (e.g. structural integrity) may be determined by
measuring the thermodynamic equilibrium between folded and unfolded states.

In one embodiment, stability and/or solubility may be measured by determining the
amount of soluble protein after some defined period of time. In such an assay, the protein
may or may not be exposed to some extreme condition, for example elevated temperature,

low pH, or the presence of denaturant. Because unfolded and aggregated protein is not
expected to maintain its function, e.g. be capable of binding to a predetermined target
molecule, the amount of activity remaining provides a measure of the binding moieties

stability and solubility. Thus, one method of assessing solubility and/or stability is to

assay a solution comprising a binding moiety for its ability to bind a target molecule, then
expose the solution to elevated temperature for one or more defined periods of time, then

assay for antigen binding again.

Alternatively, the modified binding moieties could be expressed in prokaryotic

expression systems and the protein isolated from the cell lysate by a series of biochemical
purification steps including differential centrifugation, affinity isolation chromatography
using attached tags such as poly histidine, ion-exchange chromatography and gelfiltration
chromatography. A measure of the improvement in the solubility of the modified
polypeptide can be obtained by making a comparison of the amount of soluble protein
obtained at the end of the purification procedure to that obtained using the unmodified

polypeptide, when starting with a similar amount of expressed unfractionated product.
Levels of expression of product in culture can be normalised by a comparison of product
band densities after polyacrylamide gel electrophoresis of equivalent aliquots of SDS
detergent-solubilised cell lysate.

Alternatively, binding moieties can be unfolded using chemical denaturant, heat, or

pH,andthis transition be monitored using methods including, but not limited to, circular
dichroism spectroscopy, fluorescence spectroscopy, absorbance spectroscopy, NMR
spectroscopy, calorimetry, and proteolysis. As will be appreciated by those skilledin the
art, the kinetic parameters of the folding and unfolding transitions may. also be monitored
using these and other techniques.

The solubility of the binding moieties of the present invention preferably correlates
with the production of correctly folded, monomeric polypeptide. The solubility of the
modified binding moiety may therefore also be assessed by HPLC or FPLC, using which

soluble (non-ageregated) fragments will give rise to a single peak, whereas aggregated
fragments will give rise to a plurality of peaks. A preferred measurementof solubility
uses conventional FPLC or HPLC techniques which assess the level of aggregation and
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presence of high molecular weight species as described in Power BEet al., 2003, Protein

Science 12, 734-747.

As an example of an accelerated stability trial, aliquots of the binding moiety can

be stored at different temperatures, such as —-20°C, 4°C, 20°C and 37°C andthe activity of

the binding moiety assayed at different time intervals. For example, successful

maintenance of activity during storage at 37°C for 12 weeks is roughly equivalent to

storage stability for 12 months at 4°C. Thetrial can also be conducted to compare the

effect of different protecting additives in the storage buffer on the stability of the protein.

Such additives can include compounds such as glycerol, sorbitol, non-specific protein

such as bovine serum albumin, or other protectants that might be used to increase the shelf

life ofthe protein.

In a preferred embodiment, cysteine residues have been removed or replaced

within the CBD, preferably from within one or more of the loops. In a further preferred

embodiment, cysteine residues have been removed or replaced in one or more loops of one

Fnlll-like domain whilst remaining unaltered in the other FnIII-like domain.

Tt will be understood that any one or more of the type of modifications described

above in relation to altering a particular property of a binding moiety may be usedto alter

other properties in addition to or instead of those which are specifically described in
relation to that modification above.

Binding moieties of the invention may be in a substantially isolated form. It will

be understood that the protein may be mixed with carriers or diluents which will not

interfere with the intended purpose of the protein and still be regarded as substantially

isolated. Binding moieties of the invention mayalso be in a substantially purified form, in

which case they will generally comprise the protein in a preparation in which more than

90%, €.@. 95%, 98% or 99% of the protein in the preparation is a binding moiety of the
invention.

The binding moieties of the invention may be linked to other molecules, for
example by covalent or non-covalent means. In preferred embodiments, the binding

moieties (CBD) of the invention may be linked (without restriction) to molecules such as

enzymes, drugs, lipids, sugars, nucleic acids and viruses.

In one embodiment, the binding moiety may contain solvent exposed cysteine

residues for the site-specific attachment of other entities.

Binding moieties of the invention can be linked to other molecules, typically by

covalent or non-covalent means. For example, binding moieties may be produced as

fusion proteins, linked to other polypeptide sequences. Fusion partners can include

enzymes, detectable labels and/or affinity tags for numerous diagnostic applications or to

aid in purification. Fusion partners, without restriction, may be GFP (green fluorescent

protein), GST (glutathione S-transferase), thioredoxin or hexahistidine. Other fusion
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partners include targeting sequences that direct binding moieties to particular sub-cellular

lacations or direct binding moieties to extracellular locations e.g. secretion signals. In a

preferred embodiment binding moieties of the invention do not comprise other regions of

the receptor/protein from which they are derived i.e. any fusion partners are heterologous

to the CBD. The heterologous sequence may be any sequence which allowsthe resulting

fusion protein to retain the activity of the modified CBD. The heterologous sequences

include for example, immunoglobulin fusions, such as Fc fusions, or fusions to other

cellular ligands which may increase stability or aid in purification of the protein.

Diagnostic or therapeutic agents that can be linked to the binding moieties of the

invention include pharmacologically active substances such as toxins or prodrugs,

immunomodulatory agents, nucleic acids, such as inhibitory nucleic acids or nucleic acids

encoding polypeptides, molecules that enhance the in vivo stability or lipophilic behaviour

of the binding moieties such as PEG, and detectable labels such as radioactive compounds,

dyes, chromophores, fluorophores or other imaging reagents.

Binding moieties may also be immobilised to a solid phase, such as a substantially

planar surface (e.g. a chip or a microtitre plate) or beads. Techniques for immobilising

polypeptides to a solid phase are known in the art. In addition, where libraries of binding

moieties are used (e.g. in screening methods), arrays of binding moieties immobilised to a

solid phase can be produced (Lee YS and Mrksich, M, 2002 Trends Biotechnol. 20(12

Suppl):814-8. and references contained therein).

In another embodiment of the invention, the binding moieties of the invention

function as a protein scaffold with other polypeptide sequences being inserted into

solvent-exposed regions of the binding moiety for display on the surface of the scaffold.

Such scaffolds may, for example, serve as a convenient means to present peptides in a

conformationally constrained manner. The scaffolds may be used to produce CBDs with

altered binding specificities and also to produce and/or screen for binding moieties having

specificity for any target molecule of interest.

Heterologous polypeptide sequences may be inserted into one or more solvent

exposed regions such as, for example, one or more loops of the CBD. The CBD of the

binding moiety functions as a protein scaffold for the inserted heterologous sequences,

displaying the heterologous sequences on the surface of the binding moiety.

The heterologous sequences may replace all or part of the loop of the CBD into

which they are inserted, or may simply form additional sequence. Preferably, a plurality

of heterologous sequences are inserted into a plurality of loops.

The heterologous sequences may be derived from solvent exposed regions such as,

for example, loops of another CBD. They may also be derived from other non-CBD

molecules or be partially of fully randomised.
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Other modifications can also be made to the scaffold proteins of the invention as

described in the previous sections in relation to CBDs and they mayalso be linked to other

molecules and/or produced as multimers as described below.

Two or more CBDs may be joined together to form multimers through either

covalent linkage or non-covalent linkage or a combination of linkages, including the use

of chemical or genetically-encoded linkers. CBD multimers are one preferred design for

therapeutic reagents since they have the potential to provide increased avidity and slower

blood clearance rates which may provide favourable pharmacokinetic and biodistribution

properties. The linkages used are well known to personsskilled in the art, for example in

relation to antibodies and antibody fragments joined by chemicals (Casey JL ef al., 2002

Br J Cancer. 86(9):1401-10), linkages is by way of genetically-encoded linker

polypeptides (BITE’s scFv-scFv), or adhesive fusion-domains (Pliickthun, A., and Pack, P

1997. Immunotechnology 3, 83-105). Indeed, two Fnlll-like domains from different

CBDs may be cross-paired using linker polypeptides to form tightly-associated CBD

multimers in the manner of a diabody (an antibody Fv dimer) or triabody (antibody Fv

trimer) or tetrabody (antibody Fv tetramer) (Power BE et al., 2001, Cancer Immunol

Immunother. 50(5):241-50). ‘The resulting CBD multimers from any of these linker

strategies described above may possess the same, or different target specificities thus

providing multivalent or multispecific reagents. In a preferred embodiment, two CBDs

may be joined to form a dimer through either covalent linkage or non-covalent linkage or

a combination of linkages thereby providing two target binding affinities. If two or more

CBDs in the multimer have the same target specificity, the CBD multimer will be

multivalent and have increased avidity (functional affinity) for binding to two or more

target molecules.

CBD multimers may be designed to have increased stability by modification to the

interface contact regions, either through chemical or genetic alterations. For example,

detailed examination of the CBD framework regions at the multimer interface may direct

introduction of residue mutations or chemical modifications that stabilise the interface and

thereby direct the preferential formation of CBD multimers. In one embodiment, the
mutations are introduced to interface residues other than F134(D2), F168 (D2) and H261

(D3). In another embodiment, the mutation is introduced at residue C174 (D2), C192

(D2) or C258 (D3).

Production ofbinding moieties
 

Binding moieties of the invention may be made by chemical or recombinant means.

Techniques for chemically synthesising peptides are reviewed by Borgia and Fields, 2000,
TibTech 18: 243-251 and describedin detail in the references contained therein. Typically
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binding moieties of the invention are made by recombinant means. Accordingly, the

present invention provides polynucleotides encoding binding moieties of the present
invention,

Modifications to binding moieties of the invention can be made using standard

cloning techniques known to persons skilled in the art, such as site-directed mutagenesis.

Variation in the amino acid sequence of a natural unmodified loop or loops can be

achieved by designing the encoding gene to produce either specific point mutations or by

random ‘window’ mutagenesis to randomise the entire loop sequence(s) during the

construction of a library repertoire. Variation in loop length may be achieved by

designing the encoding gene to remove some of the amino acids in the CBD loops, thus

making shorter loops or conversely by increasing the numberof amino acids to extend the

loops. These designs can be applied to two or more loops selected from L1, L2, L3, L4,

L5, L6 and L-7 loops. Alternatively the entire gene repertoire comprising the CBD

framework and the randomised loops can be constructed using synthetic oligonucleotide

primers.

One approach to obtaining binding moieties having a binding affinity for a target

molecule of interest is to produce libraries of polynucleotides which encode different

binding moieties of the invention comprising modifications in the CBR, preferably in one

or more loops, and screen the libraries for binding to the target molecule using standard

techniques such as phage display or ribosomal display. This screening approach will be
described in more detail below.

Polynucleotides, vectors and hosts

Polynucleotides of the invention may comprise DNA or RNA. They may be single-

stranded or double-stranded. They may also be polynucleotides which include within

them synthetic or modified nucleotides. A numberof different types of modifications to

oligonucleotides are known in the art. These include methylphosphonate and

phosphorothioate backbones, addition of acridine or polylysine chains at the 3' and/or 5’

ends of the molecule. For the purposes of the present invention, it is to be understood that

the polynucleotides described herein may be modified by any method available in the art.

Such modifications may be carried out in order to enhance the in vivo activity or life span

of polynucleotides of the invention.

Polynucleotides of the invention can be incorporated into a recombinant replicable

vector. The vector may be used to replicate the nucleic acid in a compatible host cell.

Suitable host cells include bacteria such as E. coli, yeast, mammalian cell lines and other

eukaryotic cell lines, for example insect Sf cells.
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Preferably, a polynucleotide of the invention in a vector is operably linked to a

control sequencethat is capable of providing for the expression of the coding sequence by

a host cell or using an im vitro transcription/translation system, i.e. the vector is an

expression vector. The term “operably linked” means that the components described are

in a relationship permitting them to function in their intended manner. A regulatory

sequence “operably linked” to a coding sequence is ligated in such a way that expression

of the coding sequence is achieved under condition compatible with the control sequences.

The control sequences may be modified, for example by the addition of further

transcriptional regulatory elements to make the level of transcription directed by the

control sequences more responsive to transcriptional modulators.

Vectors of the invention may be transformed or transfected into a suitable host cell

to provide for expression of a binding moiety of the invention. This process may

comprise culturing a host cell transformed with an expression vector under conditions to

provide for expression by the vector of a coding sequence encoding the binding moiety,

and optionally recovering the expressed binding moiety.

The vectors may be, for example, plasmid, phagemid or virus vectors provided

with an origin of replication, optionally a promoter for the expression of the said

polynucleotide and optionally a regulator of the promoter. The vectors may contain one or

more selectable marker genes, for example an ampicillin resistance gene in the case of a

bacterial plasmid or a neomycin resistance gene for a mammalian vector. Vectors may be

used, for example, to transfect or transform a host cell.

Control sequences operably linked to sequences encoding the protein of the

invention include promoters/enhancers and other expression regulation signals. These

control sequences may be selected to be compatible with the host cell for which the

expression vector is designed to be used in. The term “promoter” is well-known in the art

and encompasses nucleic acid regions ranging in size and complexity from minimal

promoters to promoters including upstream elements and enhancers.

The promoter is typically selected from promoters which are functional in

prokaryotic or eukaryotic cells. With respect to eukaryotic promoters, they may be

promoters that function in a ubiquitous manneror, alternatively, a tissue-specific manner.

They may also be promoters that respond to specific stimuli. Viral promoters may also be

used, for example the Moloney murine leukaemia virus long terminal repeatIMMLV

LTR) promoter, the rous sarcoma virus (RSV) LTR promoter or the human

cytomegalovirus (CMV)IE promoter.

It may also be advantageous for the promoters to be inducible so that the levels of

expression of the binding moiety can be regulated during the life-time of the cell.
Inducible means that the levels of expression obtained using the promoter can be

regulated.
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In a number of embodiments of the present invention, heterologous sequences are

inserted into the binding moieties of the present invention, for example where the binding

moieties are used as scaffold sequences. Such modifications are generally made by

manipulating polynucleotides of the invention encoding binding moieties of the invention,

This may conveniently be achieved by providing cloning vectors that comprise a sequence

encoding a CBD which sequence comprises one or more unique insertion sites in one or

more regions encoding a solvent exposed region of said cytokine domain, to allow for

easy insertion of nucleotide sequences encoding heterologous sequences into the

appropriate regions of the CBD.

Each “unique” insertion site typically contains a nucleotide sequence that is

recognised and cleaved by a type JI restriction endonuclease, the nucleotide sequence not

being present elsewhere in the cloning vector such that the cloning vector is cleaved by the

restriction endonuclease only at the “unique”insertion site. This allows for easy insertion

of nucleotide sequences having the appropriate ends by ligation with cut vector using

standard techniques well know by persons skilled in the art. Preferably the insertion site is

engineered - i.e. where the CBD is derived from a naturally occurring sequence, the

insertion site does not naturally occur in the natural sequence.

Vectors and polynucleotides of the invention may be introduced into host cells for

the purpose of replicating the vectors/polynucleotides and/or expressing the binding

moiety proteins of the invention encoded by the polynucleotides of the invention. Host

cells include prokaryotic cells such as bacterial cells and eukaryotic cells including yeast,

fungi, insect cells and mammalian cells.

Vectors/polynucleotides of the invention may introduced into suitable host cells

using a variety of techniques known in the art, such as transfection, transformation and

electroporation. Where vectors/polynucleotides of the invention are to be administered to

animals, several techniques are known in the art, for example infection with recombinant

viral vectors such as retroviruses, herpes simplex viruses and adenoviruses, direct

injection of nucleic acids andbiolistic transformation.

Host cells comprising polynucleotides of the invention may be used to express

proteins of the invention. Host cells are cultured under suitable conditions which allow

for expression of the binding moieties of the invention. Expression of the binding

moieties may be constitutive such that they are continually produced, or inducible,

requiring a stimulus to initiate expression. In the case of inducible expression, protein

production can be initiated when required by, for example, addition of an inducer

substance to the culture medium, for example dexamethasone or IPTG, or inducible

expression may achieved through heat-induction, thereby denaturing the repressor and

initiating protein synthesis.
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Binding moieties of the invention can be extracted from host cells by a variety of

techniques known in the art, including enzymatic, chemical and/or osmotic lysis and

physical disruption.

Libraries ofbinding moieties

Binding moieties of the present invention may be provided as libraries comprising a

plurality of binding moieties which have different sequences in the CBR. Preferably, the

variations reside in one or more loops. These libraries can typically be used in screening

methods to identify a binding reagent with an activity of interest, such as affinity for a

specific target molecule of interest.

Libraries of binding moieties are conveniently provided as libraries of

polynucleotides encoding the binding moieties. The polynucleotides are generally

mutagenised or randomised to produce a large number of different sequences which differ

at one or more positions within at least one loop.

Mutations can be introduced using a variety of techniques known in the art, such as

site-directed mutagenesis. A number of methods for site-directed mutagenesis are known

in the art, from methods employing single-stranded phage such as M13 to PCR-based

techniques (see "PCR Protocols: A guide to methods and applications", M.A. Innis, D.H.

Gelfand, J.J. Sninsky, T.J. White (eds.). Academic Press, New York, 1990). Another

technique is to use the commercially available “Altered Sites II in vitro Mutagenesis

System” (Promega - U.S. Patent N° 5,955,363). Techniques for site-directed mutagenesis

are described above. Pluralities of randomly mutated sequences can be made by

introducing mutations into a nucleotide sequence or pool ofnucleotide sequences 'randomly'

by a variety of techniques in vivo, including; using ‘mutatorstrains’, of bacteria such as EL.

coli mutD5 (Low et al., 1996, J Mol Biol 60: 9-68); and using the antibody hypermutation

system of B-lymphocytes (Yelamos ef al., 1995, Nature 376: 225-9). Random mutations

can also be introduced both in vivo and in vitro by chemical mutagens, and ionising or UV

irradiation (Friedberg ef al., 1995, DNA repair and mutagenesis. SM Press, Washington

D.C.), or incorporation of mutagenic base analogues (Zaccolo ef al., 1996 J Mol Biol 255:

589-603). ‘Random’ mutations can also be introduced into genes in vitro during

polymerisation for example by using error-prone polymerases (Leung ef al., 1989,

Technique 1: 11-15).

It is generally preferred to use mutagenesis techniques that vary the sequences

present in the cytokine binding region (e.g. the loop sequences) of the CBD, although

framework changes may also occur which may or may not be desirable. One method for

targeting the cytokine binding region is to provide a plurality of relatively short nucleotide
sequences that are partially or fully mutagenised/randomised and clone these sequences into
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specific insertion sites in the binding moiety, as described abovein relation to scaffold

sequences.

Another approach. is to synthesise a plurality of random synthetic oligonucleotides

and then insert the oligonucleotides into a sequence encoding the binding moiety and/or

replace a sequence encoding the binding moiety with the random synthetic

oligonucleotides. A suitable method is described in WO97/27213 where degenerate

oligonucleotides are produced by adding more than one nucleotide precursor to the

reaction at each step. The advantage of this method is that there is complete control over

the extent to which each nucleotide position is held constant or randomised. Furthermore,

if only C, G or T are allowed at the third base of each codon, the likelihood of producing

premature stop codonsis significantly reduced since two of the three stop codons have an

A at this position (TAA and TGA).

Another approach is to generate the gene repertoire using SOE-PCR (splicing

overlap extension polymerase chain reaction) a method known to those in the art. This

method is used when no full length gene template is available and the gene repertoire is

synthetically assembled.

Oligonucleotide synthesis is performed using techniques that are well known in the

art (see Eckstein, Oligonucleotides and Analogues: A Practical Approach, IRL Press at

Oxford University Press 1991). Libraries can also be specified and purchased

commercially. The synthetic process can be performed to allow the generation of all or

most possible combinations over the length of the nucleic acid, thus generating a library of

randomised nucleic acids. These randomised sequences are synthesised such that they

allow in frame expression of the randomised peptide with any fusion partner.

In one embodiment, the library is fully randomised, with no sequence preferences

or constants at any position. In another embodiment, the library is biased, i.e. partially

randomised in which somepositions within the sequence are either held constant, or are

selected from a limited number of possible variations. Thus some nucleic acid or amino

acid positions are kept constant with a view to maintaining certain structural or chemical
characteristics.

The randomised oligonucleotides can then be inserted into a suitable site and/or

replace a suitable sequence encoding a binding moiety.

Generally the library of sequences will be large enough such that a structurally

diverse population of random sequences is presented. This ensures that a large subset of

3-D shapes and structures is represented and maximises the probability of a functional
interaction.

It is preferred that the library comprises at least 1000 different nucleotide

sequences, more preferably at least 10*, 10° or 10° different sequences. Preferably, the
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library comprises from 10* to 10'° different sequences. Preferably at least 5, 10, 15 or 20
amino acid residues of the peptides encoded by the nucleotide sequences are randomised.

Typically, the inserted peptides encoded by the randomised nucleotide sequences

comprise at least 5, 8, 10 ox 20 amino acids. Preferably, they also comprise fewer than 50,
30 or 25 amino acids.

The libraries of polynucleotides encoding binding moieties can be screening using

any suitable technique to identify a binding moiety having an activity of interest. For

example, to identify a binding moiety that binds to a target moleculeof interest, the library

of polynucleotides is incubated under conditions that allow for expression of the binding

moiety polypeptides encoded by the polynucleotides and binding of the polypeptides to

the target molecule assessed. Binding is typically assessed in vitro or using whole cell

assays.

Suitable techniques for screening the library for binding moieties having an activity

of interest include phage display and ribosomedisplay as well as the use of viral vectors,
such as retroviral vectors.

The sequence of binding moieties identified in the screen can conveniently be

determined using standard DNA sequencing techniques.

Diagnostic/Therapeutic Uses of Binding Moieties

Binding moieties of the invention, including those identified in the screening methods of

the invention, may be used in methods of diagnosis/therapy by virtue of their specific

binding to a target molecule of interest. Such uses will be analogous to the plethora of

diagnostic/therapeutic applications already known in relation to antibodies and fragments

thereof. For example, binding moieties of the invention may be used to detect the

presence or absence of moleculesofinterest in a biological sample.

For diagnostic purposes, it may be convenient to immobilise the binding reagent to

a solid phase, such as a dipstick, microtitre plate or chip.

As discussed above, binding moieties of the invention when used diagnostically

will typically be linked to a diagnostic reagent such as a detectable label to allow easy

detection of binding events im vitro or in vivo. Suitable labels include radioisotopes, dye

markers or other imaging reagents for in vivo detection and/or localisation of target
molecules.

Binding moieties may also be used therapeutically. For example, binding moieties

may be used to target ligands that bind to extracellular receptors, such as cytokine

receptors, and consequently antagonise the effect of such ligands. Cytokines and their

receptors are involved in a wide range of disease processes and consequently modulation
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of their activity with specifically designed binding moieties based on CBDs has clear

clinical implications.

In addition, binding moieties of the invention may be used, in a similar manner to

antibodies, to target pharmacologically active substances to a cell of interest, such as a

tumour cell, by virtue of binding to a cell surface molecule present specifically on the

tumour cell to which the binding moiety binds specifically.

Administration

Binding moieties of the invention including binding moieties identified by the screening
methods of the invention may preferably be combined with various components to

produce compositions of the invention. Preferably the compositions are combined with a

pharmaceutically acceptable carrier, adjuvant or diluent to produce a pharmaccutical
composition (which may be for human or animal use). Suitable carriers and diluents

include isotonic saline solutions, for example phosphate-buffered saline. The composition

of the invention may be administered by direct injection. The composition may be

formulated for parenteral, intramuscular, intravenous, subcutaneous, intraocular, oral or

transdermal administration. Typically, each protein may be administered at a dose of from

0.01 to 30 mg/kg body weight, preferably from 0.1 to 10 mg/kg, more preferably from 0.1

to 1 mg/kg body weight.

Polynucleotides/vectors encoding binding moieties may be administered directly as

a naked nucleic acid construct. When the polynucleotides/vectors are administered as a

naked nucleic acid, the amount of nucleic acid administered may typically be in the range

of from 1 pg to 10 mg, preferably from 100 ug to 1 mg.

Uptake of naked nucleic acid constructs by mammalian cells is enhanced by

several known transfection techniques for example those including the use of transfection

agents. Example of these agents include cationic agents (for example calcium phosphate

and DEAE-dextran) and lipofectants (for example lipofectam™ and transfectam™).
Typically, nucleic acid constructs are mixed with the transfection agent to produce a

composition.

Preferably the polynucleotide or vector of the invention is combined with a

pharmaceutically acceptable carrier or diluent to produce a pharmaceutical composition.

Suitable carriers and diluents include isotonic saline solutions, for example phosphate-

buffered saline. The composition may be formulated for parenteral, intramuscular,

intravenous, subcutaneous, oral, intraocular or transdermal administration.

The routes of administration and dosages described are intended only as a guide

since a skilled practitioner will be able to determine readily the optimum route of

administration and dosage for any particular patient and condition.
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The various features and ermbodiments of the present invention, referred to in

individual sections above apply, as appropriate, to other sections, mutatis mutandis.

Consequently features specified in one section may be combined with features specified in

other sections, as appropriate.

EXAMPLE 1: Design of modified IL-6R CBD with altered binding specificity

A PSIBLAST search of the Brookhaven protein data bank revealed several structures

that are closely related to the cytokine binding modules of the human IL-6 receptor. Of

these the human prolactin receptor CPRLR) bound to human growth hormone wasthe most

closely related structure that did not have overlapping specificity for interleukin-6. The

binding of human growth hormone by the prolactin receptor is mediated by the same loop

framework as the cytokine binding modules of IL-6R use to bind IL-6.

Sequence alignment

The sequences of IL-6R and PRLR have been aligned accordingto their three dimensional

structure using the MALIGN3Dfunction of MODELLER6v2.

Loop Definition

Residues from the prolactin receptor in contact with human growth hormone were selected

using VMD. VMDis a visualisation package developed at the University of Illinois

which allows the viewing and manipulation of large molecules (Schwieters (2001) Journal

of Magnetic Resonance 149:239-244). Loop regions were selected to contain these

residues and residues which support the correct side-chain orientation of the contact
residues.

Homology modelling

The sequence of a CBD binding moiety protein incorporating the framework residues of

IL-6R and loop residues from the prolactin receptor was created. An initial series of
homology models of the CBD binding moiety was generated using MODELLER6v2 with

IL-6R framework residues and prolactin receptor loop residues as templates (see Figure

7). Model quality was assessed using PROCHECK. The loop regions were then refined
ab initio using MODELLER6v2. Final model was then energy minimised and assessed

for stability using CNS (Briinger AT ef ail., 1998 Acta Crystallog D54:905-921).
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EXAMPLE2: Production of an IL-6R CBD (binding moiety)

Oligonucleotide primers were designed to amplify the CBD domains (the D2 and D3

domains) of human IL-6R by PCR, using IL-6GR DNA as a template for this reaction.

These PCR fragments of correct size and DNA sequence were cloned into pPOW5

bacterial expression vector. Protein expression was performed using eight different

bacterial cell strains. One particular strain was selected for further stability and
characterisation studies.

EXAMPLE 3: Modificatiom of an IL-6R CBD to introduce prolactin binding

specificity

In another gene construct, the surface loops of prolactin receptor were grafted onto the IL-

6R framework to produce a reagent with prolactin binding specificity. The grafting

process involved replacement of seven solvent-exposed surface loops L1 to L7 of IL-6R

by the equivalent loop residucs from prolactin receptor, thereby effectively changing the

binding specificity of the modified CBD trom IL-6 to prolactin. There are several

methods that can result in loop grafting and, in this example, the grafting process involved

redesigning the gene encoding the modified TL-6R CBD such that the encoded surface
loops L1 to L7 were that of prolactin receptor. The modified CBD gene was then

constructed using a gene assembly process using synthetic oligonucleotides, typically 80

bases in length, which were assembled by hybridisation and ligation, into a section of

double-stranded DNA encoding the entire modified CBD gene, in an overlapping “brick-

laying” fashion. PCR and oligonucleotide primers were used as the final step to amplify

the fully assembled gene. The DNA sequence of the PCR product was confirmed, and the

modified CBD gene then sub-cloned and expressed in bacteria.

EXAMPLE 4: Producing «a novel binding moiety with modified intra-domain

disulphide bonds

We produced a binding moiety with a modified intra-domain disulphide bond. We used

PCRto introduce a mutation at Cys174 to Ser on the CBD framework. This Cys174 in

D2, usually forms a disulphide bond with another cysteine in the first domain of IL-6R (a

non-FnIII domain commonly referred to as the D1 domain of IL-6R), and is not involved

with the D2 and D3 CBD associations. The Cys174—+Ser mutant was subsequently

expressed in bacteria.
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EXAMPLE5: Producing a novel binding moiety with no cysteine residues in the D3
domain.

Weintroduced another CBD frameworl< mutation Cys258 to Serine in domain D3. This is

a buried cysteine residue, mutated in an. attempt to increase expression andstability of the

CBD framework, and to ascertain whether the D3 domain could fold without the need for

this Cysteine residue. We have expressed the CBD containing this D3 mutation in
bacteria.

Clones isolated from the D3 library also contained this Cys258—to Ser framework

mutation (see Examples 7 and 8).

EXAMPLE6: Producing a novel binding moiety with a removed (replaced) cysteine

residues in the solvent exposed region.

Wenoticed that when the PRLR loop graft onto the IT.-6R framework was expressed in

bacteria, there were less protein aggregates. There is a solvent exposed Cys192 in the IL-

6R framework/loop junction, that is not involved in disulphide bond formation, which is

not a cysteine residue in the equivalent position of the PRLR loop. Another mutation

Cys192—Ser, which lies at this framework/loop junction was designed within the D2

domain of IL-6R. This is a solvent exposed cysteine in the IL-GR framework and this

mutation improved solubility of the IL-GR framework CBD.

EXAMPLE7: Producing a library repertoire of novel binding moieties based on the
CBD scaffold

A genelibrary comprising the IL-6R CBD was constructed with mutations in the solvent-

exposed surface loops. Loops L5, L6 and L7 were mutated in the D3 domain of the CBD

by constructing a gene repertoire using overlapping synthetic oligonucleotides and the

gene assembly techniques described im Example 3. The overlapping oligonucleotides

contained flanking framework residues of IL-6R, then genetic diversity in the loops

residues, followed by more framework residues. The genetic diversity encoding the

amino acid residues in the loops was biased in such a way as to reduce the chance of stop

codons and also to encode for all 20 amino acids at each position of each loop. This

diversity was achieved during the synthesis of the degenerate oligonucleotides, wherein

instead of adding one nucleotide per position at a time, all four nucleotides (G, A, T and
C) were added per position. Stop codons triplets usually end with an A e.g. TAA. The

chance of this occurring in the degenerate oligonucleotide was reduced by only allowing

G, T and C at the third position ofthe triplet.
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In order to make the genetically diverse library, two different lengths of

oligonucleotides were used. The oligonucleotides covering the loop regions were about

80 bases in length (top strand). The reverse oligonucleotide “cementing the bricks” were

short, covering only the framework residues, and were about 55 bases in length. PCR was

used to fill-in the gaps on the bottom strand. The cloned generepertoire in the phagemid

vector was transformed into bacterial competent cells. Several well-spaced isolated

colonies were picked and grown in liquid culture, from which the DNA was extracted and

sequenced. The DNA sequence from one of these isolated clones showed mutations

within both loop regions as well as the CDB framework.

The IL-6R CBD library framework contained three mutations in which cysteine

residues (Cys174, Cysr192 and Cys258) had been replaced by serine residues. In

addition to the desired framework changes, the DNA sequence showed changesin loop 6,

with residues in that loop being replaced with other residues. This clone was subsequently

expressed in bacteria.

The partial DNA sequence of IL-6R D3 (loops 6 and 7 in bold and boxed, and

Cys258 in bold) is shown below as sequence (a). The corresponding partial DNA

sequence of the D3 library clone, showing changes in loop 6 and at Cys258 (mutated to

Ser) shown as sequence(b).

(a) RSKTFTTWMVEKEDYOHHCVIHDAWSGLRH
(b) RSKTFTTWAQSRWOQOHHSVIHDAWSGLRH

(a) VV QOLRAQEEEFGQ EWS EW

()) VVQLRAPEEFGQGEWSEW

EXAMPLE 8: Producing a novel binding moiety with multi-loop mutations

Another clone isolated from the D3 library described in Example 7 showed changes in

both loop 6 and loop 7 residues of the D3 domain. This clone, also containing a CBD

framework mutation at Cys258 to Ser, was also expressed in bacteria.

The partial DNA sequence of IL-GR D3 (loops 6 and 7 in bold and boxed, and

Cys258 in bold) is shown below as sequence (c). The corresponding partial DNA

sequence of the D3 library clone, showing changes in loops 6 and 7 and at Cys258

(mutated to Ser) shown as sequence(d).

(c) RSKTFTTWMVKDYWTOHHCVIHDAWSGLRH
(4) RSKTFTTWBEROQ@NWNDQHHSVIHDAWSGLRH
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() VVQLRABPEEFEO GEwsEn
(da) VVQLRARNEVRVGEWSEW

Examples 1 to 8 demonstrate that a functional CBD scaffold can be made from an

IL-6R by specific point modifications to improve expression and folding, This was

achieved by mutations of Cys174—Ser and Cys192—Ser, in the first domain, with or

without mutations of Cys258 in the second domain.

 

In the first scaffold produced, containing IL-6R loops, the expressed scaffold was

isolated by low pH extraction with a citrate buffer. The supernatant was purified by

HPLC,collecting the monomer and dimer peaks, separately. The retention times of the

monomer and dimer were consistent with expected retention times for these size of

molecules. Each peak, when purified, was found to have functional activity as measured

using ELISA assays and BIAcore microarrays with the ligand. IL-6 bound to the

microtitre plates of the biochip respectively. The results for the association and

dissociation constants were indicative of published rates for receptors and their ligands.

Furthermore the protein peaks did not bind prolactin ligand, demonstrating that the

receptor scaffold maintained its specificity to its ligand.

Examples 1 to 7 also demonstrate the methodology to produce a scaffold library

based on IL-6R. This was achieved by introduction of random amino acids in the loop

regions through PCR and degenerate codon usage. The repertoire was displayed by

construction of a phage display library using a pHFAsaclIl vector. Individual random

clones were isolated. Human target antigens were immobilised onto the surface of

magnetic beads using standard amine coupling chemistry. After three rounds ofphage

panning, isolating binders from each round, the phage pools were then assayed for

functional activity using ELISA and BlAcore techniques. Each isolate was also

sequenced to determine the DNA sequence.

Having produced a simple scaffold, loop grafting was performed, replacing the IL-

6R loops with loops from the prolactin receptor. Successful loop grafting was verified by

HPLC, which also showed monomer and dimer protein peaks, which, when purified, were

found to contain functional activity. Activity was measured using ELISA assays and

BlAcore microarrays, with the IL-6 ligand being bound to the microtitre plates of the

biochip. The protein peaks were found to bind prolactin and Jactogen as expected. In

addition, they also bound IL-6. The modified proteins did however, not bind human

growth hormone. This result demonstrates that an altered binding profile can be achieved

through loop grafting.
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EXAMPLE9: Design of a prolactin framework

The CBD of human prolactin receptor has the following amino acid sequence:

 

24 GOLPPGK PEIFKCR|SPN KETFTICWWRP GTDGGLPTNY

L1

61  SLT[YHREGETLMHECPDYIT GGPNSCH[FGKQYTSMWRITYI
L2 L3

101 MMVNATNQMG SSFSDEILYVDVIWYIVOPDPP LELAVEVAQP
4

141 EDRKPYLWIK WSPPTLIDLK TGWFTILLYEI RLKPEKAAEW

L5

181 EIHFAGQOTEHKILSLHPGQ KYLVOVRICKPDHGYWSAWSP
L6 L7

221 ATFIQIPSD 229 

The first FnJJ-like domain is defined by amino acids Glu24 to Val125 and the second Fn-

IJ like domain by Gln126 to Asp229. Loops L1 to L7 are indicated as boxed residues on

the above sequence.

Modifications

A synthetic gene was designed on the basis of the amino acid listings above, expect with

some modifications. In order to improve secretion, several changes were madeto the gene

construct. Lys30 was changed to Glu. Lysine or arginine charged residues within thefirst

10 amino acids at the N-terminus prevents the pelB secretion signal from working in the

chosen expression system. Arg143Lys144 was changed to GlySer to remove the

possibility ofproviding a proteolytic cleavage site and to provide a restriction enzymesite

and a flexible replacement.

The gene was engineered to include converzient restriction sites for mutagensis and

bacterial preferred codon usagefor high level expression. In particular, the leucine and

proline residues are changed.

In order to provide a scaffold library, any o£ the amino acids within any of the

loops may be modified by using degenerate oligonucleotides to generate a diverse set of

novel binding moieties as described in Example 7. In this case, the library will consist of

a prolactin scaffold with a wide range of different amino acid loop compositions.

Single clones may be isolated from this library and their DNA sequenced to

confirm the library diversity.
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EXAMPLE 10: Design of a IL-11R scaffold.

The CBD of IL-11R has the following amino acid sequence:
 

111 YPPARPVVSC QAADYENFS|c TWSPSOISGL PTRYLTSYREK   
 

  

 

Li

151 |KTVLGADSQRRS|IPSTGPWPC POQDPLGAARC VVHGAEFWS|O
L2 L3

191 YRINVTEVNP LGASTRLLDV [SLQS|JILRPDP PQGLRVESVP
L4

231 GYPRRLRASW TYPASWPICQPHFLULKFRLQY RPAQHPAWST
L5

271 V|EPAGLEEVI TDAVAGLPHA VRVSAIRDFLDAIGTWSTWSPE
L6 L7

321 AWGTPSTGT 329

Thefirst FnIlI-like domain is defined by amino acids 112-214 and the second Fnilll-like

domain by amino acids 218-318. Loops L1 to L7 are indicated as boxed residues on the

above sequence.

Modifications.

In the IL-11R framework, the charged Arg115 may be replaced by Glu in order to

improve expression in bacterial expression systems using secretion signals, e.g. PelB.

EXAMPLE11: Multidomain scaffolds.

A scaffold consisting of the first FnII]-like domain derived from prolactin and the second

Fnll-like domain derived from a human granulocyte colony stimulating factor receptor

(G-CSFR) may be constructed.

Thefirst FnIII-liek domain derived from the CBD ofprolactin receptor is defined by

residues 24-125 [IS THIS CORRECT- see Ex 9 questions]as in Example 9.

The CBD of GSCFRhasthe following amino acid sequence:

121 YPPATPHNLS CLMNLTTSSL ICQWEPGPET HLPTSFTLKS

Li

161 FKSRGNCQOTIO GDSILDCVPK DGOSHCCIPR KHLLLYOQNMG
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L2 L3

201 IWVQAENALG TSMSPQLCLIDPMDVVKLEPP MLLRTMDPSPE
LA

241 AAPPQAGCLQ LCWEPWQPGL [HINQKCEIRH KPQRGEASWA
L5

281 LVGPLPILEALQYELCGLLPA TAYTLQIRC[E_RWPLPIGHWSD
L6 17

321 WSPSLELRTT BRA 333

Loops L1 to L7 of the CBD of GCSFRare indicated as boxed residues on the above

sequence. The second region of the CBD of GCSFRis defined by residues 237-330.

Modifications.

In the G-CSFR framework there are several more cysteine residues in addition to the four

conserved residues that form two disulphide bonds. Replacement of one or more of

Cys186, Cys218, Cys248, Cys252 and Cys295 may therefore be necessary to provide

expression ofsoluble proteins. In the first domain of the prolactin receptor, Lys30 can be

changed to Glu as described above in Example 9.

A synthetic gene for the first domain of prolactin receptor and the second domain

of GCSFRcan be designed with convenient restriction sites and preferred codons as in

previous examples. The gene can then be assembled into pHIFAsacII phagemid vectors or

ribosome display vectors. Phage can be produced and purified from bacterial cells

transformed with phagemid using helper phage. Successful display of the scaffold can be

confirmed by ELISA using specific targets.

Other modifications can also be madeto the scaffoldl structure described herein, as

will be evident to the skilled person. For example, loop L3 of the GCSFR can be extended

(i.e. made longer) to form a ‘protruding finger loop’ by inserting extra amino acids. For

example, an additional 5 residues can be inserted, either as a predetermined sequence(e.g.

AYPPY) or as a randomplurality of sequences encoded by a random mixture of 15-mer
polynucleotides. Loop 3 can also be made shorter or deleted altogether to provide a

possibly a smaller hinge area, and thereby provide a more restrained surface exposed

scaffold. Similarly, any other loop in the CBD scaffold can ‘be modified individually or

collectively using similar designs to loop 4 as described above.

Other potential modifications include inserting amirzo acids in areas not

specifically associated with the loop region. such as in the ninge region or the domain
interface.
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EXAMPLE12: Multivalent and Multispecific Scaffolds.

It is possible to form multivalent and multispecific scaffolds by either genetic or chemical

linkage of two modified cytokine binding domains of the invention. Both linkage formats
can result in either covalent or non-covalent bonds or a combination of covalent and non-

covalent bonds to effect the association of two or more cytokine binding domains. It will

be evident to the skilled person that single cytokine binding domains, or the multivalent or

multispecific formats can be genetically or chemically linked to plurality of molecules or

linked to a variety of surfaces.

All publications mentioned in the above specification are herein incorporated by

reference. Various modifications and variations of the described methods and system of

the invention will be apparent to those skilled in the art without departing from the scope

of the invention. Although the invention has been described in connection with specific

preferred embodiments, it should be understood that the invention as claimed should not

be unduly limited to such specific embodiments. Indeed, various modifications of the

described modes for carrying out the invention which are readily apparent to those skilled

in molecular biology or related fields are intended to be within the scope of the invention.
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CLAIMS

A method ofproducing a binding moiety comprising

modifying an extracellular cytokine binding domain consisting of a first FnI]-like

domain and a second Fnilll-like domain such that at least one property of the

cytokine binding domain is altered,

to produce a binding moiety.

The method according to claim 1, wherein the first and second Fnlll-like domains

are derived from the extracellular cytokine binding domain from a single source.

The method according to claim 1, wherein the first and second FnlII-like domains

are derived from the extracellular cytokine binding domains from separate sources.

The method according to any preceding claim, wherein the first and/or second

FnllI-like domain(s) is/are derived from the extracellular domain of a receptor

selected from IL-2 receptor, IL-3 receptor, IL-4 receptor, IL-5 receptor, IL-6

receptor, IL-7 receptor, IL-9 receptor, IL-11 receptor, IL-12 receptor, IL-13

receptor, IL-15 receptor and IL-21 receptor, G-CSF receptor, GM-CSF receptor,

LIF receptor, oncostatin M receptor, cardiotrophin CT-I receptor, ciliary

neutrotrophic factor (CNTF) receptor, prolactin receptor, leptin receptor,

erythropoietin receptor, growth hormone receptor, cytokine receptor-like factor 1,

class 1 cytokine receptor, thymic stromal lymphopoietin protein receptor or gp130.

The method according to any preceding claim, wherein at least one loop of the

cytokine binding domain is modified.

The method according to claim 5, wherein the loops are defined by loops L1 to L7

as indicated in Figure 5.

The method according to claim 5 or claim 6, wherein the size and/or area of the

loop is modified as compared with the corresponding loop in the unmodified

cytokine binding dornain.

The method according to claim 7, wherein the size of the loop is increased or

reduced by at least two amino acid residues.
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The method according to claim 8, wherein the size of the loop is increased by at
least 10 amino acid residues

The method according to claim 8 or claim 9, wherein the size of the loop is

increased by up to 20 amino acid residues.

The method according to any preceding claim, wherein the hinge region between
the two FnlII-like domains is modified.

The method according to any preceding claim, wherein the binding interface of the

Fnitl-like domains of the cytokine binding domain is modified.

The method according to any preceding claim, wherein one or more intra-domain

disulphide-bond forming cysteine residues in the cytokine binding domain are
modified.

The method according io any preceding claim, wherein the solubility of the

binding moiety is improved.

The method according to claim 14, wherein the solubility of the binding moiety is

improved by removing and/or replacing disulphide-bond forming cysteine residues

within in the cytokine binding domain.

The method according to any one of claims 13 to 15, wherein disulphide-bond

forming cysteine residues are replaced by a different residue.

The method according to claim 16, wherein disulphide-bond forming cysteine

residues are replaced by alanine or serine.

The method according to any preceding claim, wherein the stability of the cytokine

binding domain is improved.

The method according to any preceding claim, wherein the affinity of the modified

cytokine binding domain for at least one natural ligand of the unmodified cytokine

binding domainis reduced or abolished.
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The method according to any preceding claim, wherein the binding specificity of

the modified cytokine binding domain is different to that of the unmodified

cytokine binding domain.

The method according to claim 20, wherein the unmodified cytokine binding

domain is derived from the extracellular domain of a first receptor having

specificity for a first ligand, and the modification comprises replacing one or more

loops of the unmodified cytokine binding domain with the corresponding loops of

a second receptor having specificity for a second ligand such that the modified

cytokine binding domain has specificity for the secondligand.

The method according to claim 21, wherein the first receptor is IL6 receptor and

the second receptor is prolactin receptor or LIF receptor.

The method according to claim 22, wherein the first receptor is IL6 receptor and

the secondreceptor is oncostatin M receptor.

The method according to any preceding claim, further comprising linking the

modified binding moiety to one or more molecules.

The method according to claim 24, wherein the modified binding moiety is linked

to one or more molecules via a genetic or chemicallinker.

The method according to claim 24 or claim 25, wherein the modified binding

moiety is linked to one or more molecules via a covalent or non-covalent linkage.

The method according to any one of claims 24 to 26, wherein the modified binding

moiety is linked to a diagnostic reagent or a therapeutic agent.

The method according to claim 27, wherein the diagnostic reagent is a detectable
label.

The method according to claim 27, wherein the therapeutic agent is cytotoxic.

The method according to claim 27, wherein the therapeutic agent is

immunomodulatory.
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A modified binding moiety produced by any one of the methods according to
claims 1 to 30.

A binding moiety comprising an extracellular cytokine binding dormain consisting

of a first Fnlll-like domain and a second Fnlll-like domain, wherein the cytokine

binding domain comprises a modification which alters at least one property of the

cytokine binding domain.

The binding moiety according to claim 32, wherein the first and second Fnll-like

domains are derived from the extracellular cytokine binding domain from a single
source.

The binding moiety according to claim 33, wherein the first and second FnillI-like

domains are derived from the extracellular cytokine binding domains from separate
sources.

The binding moiety according to any one of claims 32 to 34, wherein the first

and/or second Fnill-like domain(s) is/are derived from the extracel lular domain of

a receptor selected from IL-2 receptor, IL-3 receptor, IL-4 receptor, IL-5 receptor,

IL-6 receptor, IL-7 receptor, IL-9 receptor, IL-11 receptor, IL-12 receptor, IL-13

receptor, IL-15 receptor and IL-21 receptor, G-CSF receptor, GMI-CSF receptor,

LIF receptor, oncostatin M receptor, cardiotrophin CT-1 receptor, ciliary

neutrotrophic factor (CNTF) receptor, prolactin receptor, leptin receptor,

erythropoietin receptor, growth hormone receptor, cytokine receptor-like factor 1,

class I cytokine receptor, thymic stromal lymphopoietin protein receptor or gp130.

The binding moiety according to any one of claims 32 to 35, wherein a loop of the

cytokine binding domain is modified.

The binding moiety according to claim 36, wherein the loops are defined by loops

LI to L7 asindicated in Figure 5.

The binding moiety according to claim 36 or claim 37, wherein the size and/or area

of the loop is modified as compared with the corresponding loop in the unmodified

cytokine binding domain.

The binding moiety according to claim 38, wherein the size of the loop is increased

or reduced byat least two amino acid residues.
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40.

41.

42.

43.

44,

45.

46,

47.

48.

49.

50.

45

The binding moiety according to claim 39, wherein the size of the loop is increased

by at least 10 amino acid residues.

The binding moiety according to claim 39 or claim 40, wherein the size of the loop

is increased by up to 20 amino acid residues.

The binding moiety according to any one of claims 32 to 41, wherein the hinge

region between the FnIlII-like domains is modified.

The binding moiety according to any one of claims 32 to 42, wherein the binding
interface of the FnlII-like domains is modified.

The binding moiety according to any one of claims 32 to 43, wherein one or more

of intra-domain disulphide-bond forming cysteine residues in the cytokine binding
domain is modified

The binding moiety according to any one of claims 32 to 44, wherein the solubility

of modified binding moiety is improved.

The binding moiety according to claim 45, wherein the solubility of the binding

moiety is improved by removing and/or replacing disulphide-bond forming

cysteine residues within the cytokine binding domain.

The binding moiety according to any one of claims 44 to 46, wherein disulphide-

bond forming cysteine residues are replaced by a different resid-uc.

The binding moiety according to claim 47, wherein disulphide-bond forming

cysteine residues are replaced with alanine orserine.

The binding moiety according to any one of claims 32 to 48, wherein the stability

of the cytokine binding domain is improved.

The binding moiety according to any one of claims 32 to 47, wherein the affinity of

the modified cytokine binding domain for at least one natural ligand of the

unmodified cytokine binding domain is reduced or abolished
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51.

52.

53.

55.

56.

57.

58,

59.

60.

61.

46

The binding moiety according to any one of claims 32 to 50, wherein the binding

specificity of the modified cytokine binding domain is different to that of the

unmodified cytokine binding domain.

The binding moiety according to claim 51, wherein the unmodified cytokine

binding domain is derived from the extracellular domain of a first receptor having

specificity for a first ligand, one or more loops of the unmodified cytokine binding

domain have been replaced with the corresponding loops of a second receptor

having specificity for a second ligand, and the modified cytokine binding domain

has specificity for the second ligand.

The binding moiety according to claim 52, wherein the first receptor is IL-6

receptor and the second receptor is prolactin receptor or LIF receptor.

The binding moiety according to claim 52, wherein the first receptor is [IL-6

receptor and the second receptor is oncostatin M receptor.

The binding moiety according to any one of claims 31 to 54 linked to one or more
molecules.

The binding moiety according to claim 55, linked to one or more molecules via a

genetic or chemical linker.

The binding moiety according to 55 or claim 56, linked to one or more molecules

via a covalent or non-covalent linkage.

The binding moiety according to any one of claims 55 to 57, linked to a diagnostic

reagent or a therapeutic agent.

The binding moiety according to claim 58, wherein the diagnostic reagent is a
detectable Jabel.

The binding moiety according to claim 58, wherein the therapeutic agent is

cytotoxic.

The binding moiety according to claim 58, wherein the therapeutic agent is

immunomodulatory.
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62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

47

A multivalent or multispecific reagent comprising two or more binding moieties

according to any one of claims 31 to 61.

The binding moiety, multivalent reagent or multispecific reagent according to any

one of claims 31 to 61, immobilised On a solid support or coupled to a biosensor
surface.

A polynucleotide encoding a binding moiety, multivalent reagent or multispecific

reagent according to one of claims 31 to 62.

A vector comprising a polynucleotide according to claim 64.

A host cell comprising a vector according to claim 65.

A pharmaceutical composition comprising a binding moiety, multivalent reagent or

multispecific reagent according to any one of claims 31 to 62 and a

pharmaceutically acceptable carrier or diluent.

A method of treating a pathological condition in a subject, which nnrethod

comprises administering to the subject a binding moiety, multivalent reagent or

multispecific reagent according to any one of claims 31 to 62.

A method of selecting a binding moiety with an affinity for a target molecule

which comprises

@) providing a plurality of polynucleotides encoding binding moieties

comprising a cytokine binding domain, which polynucleotides comprise one

or more modifications in the cytokine biding domain;

Gi) expressing the binding moieties cncoded by the polynucleotides; and

(iii) selecting one or more binding moieties having an affinity for the target
molecule.

The method according to claim 69, wherein the modification(s) is/are in the loop(s)

of the cytokine binding domain.

The method according to claim 69 or claim 70, wherein the plurality ofnucleotides

have been subjected to mutagenesis.
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72.

73.

74,

75.

76.

77.

78.

79.

80.

48

The method according to claim 71, wherein the mutagenesis is site-directed

mutagenesis.

The method according to claim 72, wherein the mutagenesis is random

mutagenesis.

A method according to any one of claims 69 to 72, wherein the target molecule is a

cytokine receptor ligand.

A polynucleotide library comprising a plurality of polynucleotides encoding

binding moieties comprising a cytokine binding domain, which polynucleotides

comprise one or more modifications in the cytokine biding domain.

A nucleic acid sequence encoding:

a)afirst scaffold sequence encoding a cytokine binding domain; and

b) a second sequence encoding a peptide and inserted at a site located in a

region ofsaid first scaffold sequence, said peptide being displayed as a loop.

The nucleic acid sequence according to claim 76, wherein the second sequence

substantially replaces the region ofthe first scaffold sequence encoding the loop.

The nucleic acid sequence according to claim 76 or claim 77, wherein the cytokine

binding domain is derived from the extracellular domain of a receptor selected

from IL-2 receptor, IL-3 receptor, IL-4 receptor, IL-5 receptor, IL-6 receptor, IL-7

receptor, IL-9 receptor, IL-11 receptor, [L-12 receptor, IL-13 receptor, [I-15

receptor and IL-21 receptor, G-CSF receptor, GM-CSF receptor, LIF receptor,

oncostatin M receptor, cardiotrophin CT-1 receptor, ciliary neutrotrophic factor

(CNTF) receptor, prolactin receptor, leptin receptor, erythropoietin receptor,

growth hormone receptor, cytokine receptor-like factor 1, class 1 cytokine

receptor, thymic stromal lymphopoietin protein receptor or gp130.

The nucleic acid sequence according to any one of claims 76 to 78, comprising a

plurality of second sequences inserted into a plurality ofsites.

The nucleic acid sequence according to any one of claims 76 to 79, wherein ome or

more of the peptides are derived from a different cytokine binding region to that of

the scaffold sequence.
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81.

82,

83.

84.

85.

86.

87,

88.

49

An expression vector comprising a nucleic acidl sequence according to any one of
claims 76 to 80.

A cytokine binding domain display library cozmprising a plurality of expression

vectors according to claim 81.

An expression vector comprising:

a) a first nucleic acid sequence encoding a cytokine binding domain;

b) an insertion site in a region between the ends of the first nucleic acid

sequence, the insertion site comprising a nucleotide sequence which is

cleaved by a restriction endonuclease and which allows a second nucleic

acid sequence encoding an amino acid sequence to be inserted into the first

nucleic acid to encode a modified cytokine binding domain; and

c) a regulatory control sequence operably’ linked to said first nucleic acid

sequence which directs expression of the first nucleic acid sequence.

An expression vector comprising: '

a) a first nucleic acid sequence encoding: a cytokine binding domain, said

sequence comprising a deletion in a re gion between the ends of the first

nucleic acid sequence;

b) an insertion site in place of the deleted sequence which site allows a second

nucleic acid sequence encoding an amimo acid sequence to be inserted into

the first nucleic acid to encode a modified cytokine binding domain.

c) a regulatory control sequence operably linked to said first nucleic acid

sequence which directs expression of the first nucleic acid sequence.

The expression vector according to claim 83 Or claim 84, wherein the region in

which the insertion site or deletion is present encodes a loop.

A polypeptide encoded by the nucleic acid sequence of any one of claims 76 to 80.

A protein multimer comprising at least two polypeptides according to claim 86.

A method of identifying a modified cytokine binding domain which binds to a

target molecule of interest, which method compzises:

@ providing a cytokine binding domain display library according to claim 82;

(it) expressing the polypeptides encoded by the polynucleotides; and

(iii) selecting one or more polypeptides that bind to the target molecule.
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Figure 2(a)
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Approximate positioning of each loop in four of the cytokine receptor family members. The loop
positions could vary up to 3 amino acidseither side of the box. For example Loop 6 ofthe prolactin
receptor is defined as GQQTEFand not FAQQas depicted here.
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Figure 5A
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